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EDITOR’S OUTLOOK 





The pleasant rustic scene 
which adorns our cover does 
not necessarily depict a para- 
dise for hungry hogs. If the 
chemist has his way it may 
represent organic chemicals in 
the raw. (Cf. Dr. Horvath’s 
article, pp. 5-12.) Photo by 
courtesy of the U. S. Depart- 
ment of Agriculture, through the 
kindness of Dr. C. A. Browne. 








STATEMENT FROM THE EXECUTIVE 
COMMITTEE. The withdrawal of financial 
support by The Chemical Foundation has ne- 

cessitated certain changes in the editorial and busi- 
ness departments of the JOURNAL since the last issue. 
Dr. Neil E. Gordon has resigned as Editor-in-chief 
and Mr. William W. Buffum as Business Manager. 
Dr. Otto Reinmuth is continuing as Editor and Mr. 
Harvey F. Mack has been appointed Business 
Manager. 

The impending reduction, and possible withdrawal, 

of the financial support which The Chemical Founda- 
tion so generously maintained for several years led 
to the appointment of a Special Committee at the 
Denver meeting of the Division, August 22, 1932. At 
that meeting the Executive Committee, upon motion by 
Dr. Gordon, voted: 
“That a Committee be appointed with power to act, 
consisting of the Departmental Editors of the JouRNAL 
OF CHEMICAL EpDuCATION with Ross A. Baker as Chair- 
man, to bring a final report to the Executive Committee 
at or before the Washington Meeting as to the dis- 
position of the JOURNAL OF CHEMICAL EDUCATION 
and The Chemistry Leaflet” [J. CHem. Epuc., 9, 2103 
(1932) ]. 

By letter ballot, October 3, 1932, this vote was inter- 
preted by the Executive Committee to mean that the 
Special Committee was granted full and immediate 
power to dispose of these two publications. 

The Special Committee rendered its final report to the 
Executive Committee early in December, and the 
report was accepted. 

When the Special Committee met on October 8 to 
consider the situation and formulate plans, it was 
learned that The Chemical Foundation could no longer 
grant financial aid for the JoURNAL and the Leaflet, nor 
for the activities of the Division. Prompt and drastic 
action was imperative. The result of meetings and 
conferences of the Special Committee is substantially 
as follows: 


The ownership of The Chemistry Leaflet has been 
returned to Professor Pauline Beery Mack, who con- 
vinced the Special Committee that she could continue 
its publication. 

After extended efforts to find ways and means to 
continue the publication of the JOURNAL, it was finally 
decided to accept the proposition of the Mack Printing 
Company whereby the Division shall continue to own 
and edit the JOURNAL and the Mack Printing Company 
shall assume the business management and financial 
responsibility. 

Dr. Neil E. Gordon’s resignation as Editor-in-chief 
has been accepted by the Executive Committee. The 
editorial office has been removed to Easton, Pa., where 
Dr. Otto Reinmuth continues to act as Editor. 

In accordance with a recommendation of the Special 
Committee the supervision and general control of the 
affairs of the JouRNAL will be lodged in a Board of 
Publication. Many details are being worked out by 
this Board in codperation with the editorial and busi- 
ness departments. Further announcements of details 
will be made in future numbers of the JOURNAL. 

LymaN C. NEWELL, Chairman 
Division of Chemical Education 





ALEDICTORY. After nine years of service, 

it is with the deepest regret, and at the same 

time, the greatest pleasure, that I resign as 
Editor-in-chief of the JOURNAL OF CHEMICAL Epuca- 
TION. I regret that I shall be deprived, to a large 
extent, of the very fine associations I have enjoyed 
in connection with the JouRNAL. Among these 
pleasant associations I count my contacts in the 
editorial office, and with the splendid body of depart- 
mental and contributing editors, abstractors, referees, 
reviewers, and contributors. The codperation of these 
individuals has made possible the present high standing 
of the JouRNAL in the field of scientific publications. 

I wish especially to acknowledge my indebtedness to 
the contributing editors. Above all, I would like to 
pay a tribute to the Honorable Francis P. Garvan and 
Mr. William W. Buffum, who personally and through 
The Chemical Foundation have given freely of their 
time and effort and money, that the JouRNAL might 
enjoy its present status. 

It is with high hope, and a feeling of great confidence, 
that I wish further success to the JouRNAL. In my 
opinion, no better editorial staff could be found than 
that headed by Dr. Otto Reinmuth, assisted by Miss 
Mildred Grafflin. Under their leadership, the JouRNAL, 
I am confident, will give services in the future sur- 
passing its services of the past NEIL E. GorDON 
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EIL E.GORDON. The readers of the JouRNAL 
| N will no doubt learn with regret of the retirement 
of Dr. Neil E. Gordon from the post of editor-in- 
chief which he has occupied since the founding of this 
publication nine years ago. No task of such magnitude 
could have been initiated and carried through to success 
without codperation, counsel, and good will from many 
sources: Dr. Gordon would be the first to admit as 
much. Nevertheless, it is scarcely too much to say 
that his energy, enthusiasm, industry, and coérdinating 
ability supplied the impetus which actually placed 
Number one of Volume one upon the presses, and that 
these same qualities had much to do with navigating 
the then frail craft through the treacherous and un- 
charted waters of its first year into the pleasant harbor 
of The Chemical Foundation’s generosity. 

Concerning the man himself we need cite no formal 
data. These are duly recorded in the pages of ‘“Who’s 
Who in America’ and may be found therein by any one 
with a taste for statistical research. The qualities and 
characteristics which escape the statisticians are much 
more interesting. 

No one who has been closely associated with Dr. 
Gordon can help but retain an indelible impression of 
the activity and audacity of his imagination, of the 
intensity and contagiousness of his enthusiasms, of the 
sheer dauntlessness of his persistency, and of the indus- 
try and restless energy of the man. To him all things 
desirable are possible; for him, to conceive is to at- 
tempt. Once his eye is fixed upon the goal he presses 
forward with all speed; troublesome details and prac- 
tical difficulties can be taken in full stride as they loom 
up. A publisher’s announcement once said of him, 
quite truthfully, that “‘he is not among those who hold 
that it is necessary to know everything before one does 
something.” 

In addition to the dynamic qualities we have men- 
tioned, Dr. Gordon has a very shrewd ability to 
estimate men and to select subordinates.* Ability and 
initiative he recognizes and values, but even more 
unerringly is he attracted to moral integrity, a sense of 
responsibility, earnestness of purpose, and the codpera- 
tive faculty. Only give him free rein in selecting and 
organizing a staff for whatever purpose and you will 


soon find him in the happy position of the Mikado who 


had only to say, ‘‘Let it be done,” and to all intents 
and purposes it was done. Personal loyalty he ap- 
preciates, but his ultimate confidence rests in loyalty to 


the job and in the loyalty of the individual to the best - 


that is within himself. 

Once committed to a cause he throws himself into it 
heart and soul and he sees no reason why others should 
not do likewise. Hence, he has no hesitancy in solicit- 
ing aid, financial or otherwise, when great matters are 
afoot. His own obviously sincere enthusiasm and his 
intensity of purpose are more convincing and com- 
pelling than any art of presentation he could employ. 
One cannot be the object or the observer of an appeal 
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* That a proper sense of modesty be not affronted be it said 
that the present editor has not himself in mind in this connection 
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from him without feeling that the church militant lost a 
powerful evangelist when he chose a career. 

Given the man and his qualities, his significant 
achievements to date follow logically and inevitably. 
Special knowledge is required only for the purpose of 
filling in names, dates, and details. 

Coming events cast their shadows before when he 
completed his high-school studies in two years and his 
undergraduate college work in three, and attained the 
coveted Ph.D. in two more. As head of the Depart- 
ment of Chemistry at the University of Maryland he 
built up a teaching staff probably unexcelled in any 
department of comparable size in this country. The 
present chemistry building at Maryland was erected 
during his régime and several of the individual labora- 
tories were equipped by friends of the University whom 
he was able to interest. As head of the Department 
there he was automatically State Chemist for Maryland, 
with full control of the feed, fertilizer, and lime inspec- 
tion and regulatory work. A shining example of his 
ability to pick men and to delegate authority wisely is 
to be seen in his appointment of Mr. L. E. Bopst as 
chemist in charge of inspection and regulatory work. 
Maryland is now one of the best regulated of the United 
States—if not the best. The JourRNAL also got under 
way during Dr. Gordon’s Maryland years. It can 
best speak for itself. Now, at The Johns Hopkins 
University, he occupies the only Chair of Chemical 
Education in America—or, if you have a taste for 
magnitude of scope, in the world. The Hopkins Na- 
tional Fellowship plan, previously discussed in these 
editorial columns and in the former contemporary news 
section, is one of the major projects of the Chair. 

Dr. Gordon’s resignation as editor-in-chief is not the 
act of a man who runs to cover at the first hint of stormy 
weather, as all those acquainted with him will know. 
On the contrary, he perceives in the undertaking which 
confronts us a challenge and an opportunity for 
achievement—quite the sort of thing that has always 
been his especial delight. In passing his responsibili- 
ties into the hands of others he is not evading a task, 
but entrusting a well-beloved charge. We sincerely 
hope that his confidence will not prove to have been 


misplaced. 
—EEE 


N AVANT. The leading item in this month’s 
editorial columns, contributed by Chairman 
Newell of the Division of Chemical Education, 

reports the financial reorganization that THis JOURNAL 
has undergone and the necessity therefor. It remains 
for the editor to add only a word concerning the 
effect of the new order upon editorial practices. 

The present editor has served a lengthy apprentice- 
ship under the retiring editor-in-chief and it would be 
but natural to suppose what is indeed the truth—that 
no revolutionary editorial changes are to be anticipated. 
In fact there is little to emend or supplement in the 
note on Editorial Objectives which appeared in these 
columns for September last. 





No doubt the reader has already been struck by the 
new format. If he is at the moment seated at desk or 
table he will note that the book can be made to lie 
open thereon without application of a full nelson. In 
an easy chair it is readily managed, even with one 
hand. Those whose eyes can stand the strain of re- 
cumbent reading and whose brains are adjusted for oper- 
ation in both horizontal and vertical positions will find 
it adaptable to lounge, bed, or bathtub manipulation. 

The new page size permits the editorial staff greater 
freedom in the handling of illustrative and tabulated 
material. By a happy coincidence it is also a more 
desirable page from the economic standpoint. 

The cover expresses and, we hope, substantiates 
our conviction that a certain sprightly comeliness is 
not inconsistent with seemly dignity and honest worth. 

The space available to us is for the present somewhat, 
but only moderately, less than formerly. We shall 
accept for publication during the coming year a few 
less articles than were published last year. And we 
shall probably bedevil many of our authors with re- 
quests to condense and excise. These necessities may 
seem hardships; if so, they are hardships of the type 
that may contribute to greater health and vigor. 

We would be more than human if we did not regret 
that we are no longer to receive the generous subsidies 
which have for years sustained us. Yet we can best 
show our appreciation of the past favors showered 
upon us by the Honorable Francis P. Garvan and 
The Chemical Foundation, and ot the untiring services 
of Mr. Wm. W. Buffum, by demonstrating that we 
have not been spoiled by kindness and good living. 
We should have, and I trust we have, employed the 
period of our dependency in building bone and sinew 
which will enable us to make our own way in the world. 

The outlook is not dark. The man (or the insti- 
tution) of spirit and vigor enters upon great under- 
takings with enthusiasm when no more than a sporting 
chance offers. The prospects of the JOURNAL are 
better than those which might be expected to appeal 
to the shrewd backer of long shots or the supremely 
self-confident espouser of desperate causes; they are 
of a quality to inspire hope and some degree of confi- 
dencein the breasts of sound and sagacious business men. 

This is not to say that less than our best efforts is 
demanded. The editorial success of the JOURNAL 
and, indirectly, its fiscal stability depend upon a con- 
tinuation of the admirable services rendered by de- 
partmental and contributing editors, abstractors, 
referees, reviewers, and contributors, as well as upon 
the active support of Division members. For _ these 
the present editor desires to add a word of gratitude, on 
behalf of the JouRNAL, to the note of appreciation ex- 
pressed by the retiring editor-in-chief. 

The editor has dedicated himself whole-heartedly 
to the task ahead, but he realizes that an editor does 
not make a journal single-handed any more than a 
quarterback makes a football team. Without others 


to carry the ball, and without an inconspicuous but 
all-essential line to make way for him, he gets nowhere. 
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In this connection a word of appreciation of the other 
members of the editorial staff with whom the present 
editor has worked in close association may not be 
amiss. These include Miss Winifred R. Weimer, 
now Mrs. A. L. Flenner; Miss Angela M. Cartwright, 
now deceased; Miss Kathleen Donellan (of late Mrs. 
T. H. Sanks, Jr.), our former cheerful and efficient 
Secretary; and Miss Mildred W-> Grafflin who has 
offered her services at a literally nominal wage to aid 
in effecting the present transition. 

We also recall most pleasantly and gratefully the 
physical shelter and the friendly atmosphere which the 
JouRNAL has enjoyed within the walls of two splendid 
universities—the University of Maryland and The 
Johns Hopkins University. 

And now, to scramble our quotations somewhat, 
courage mes amis; over the Alps lies Italy. 





R. RAKESTRAW SUCCEEDS DR. BAKER 
AS SECRETARY. The Division of Chemical 
Education has lost from office, though for- 
tunately not from its councils nor from among its ardent 
supporters, a popular and efficient officer. Dr. Ross A. 
Baker had come to be looked upon almost as a per- 
manent occupant of the Secretary’s chair. At meetings 
his unfailing geniality under the pressure of multi- 
tudinous and detailed duties and his cheerful and 
ever-ready agreement to ‘‘see to” one thing more re- 
called or invented by some one else at the last moment 
have been the marvels of all beholders. Both at meet- 
ings and throughout the year his attention to the 
affairs of the Division and his concern for its welfare 
have been apparent to all. The reluctance of the Divi- 
sion to accept the resignation which he submitted 
irrevocably to the Denver meeting is readily under- 
standable. Yet that resignation was based upon rea- 
sons which cannot, in justice to the man himself, be 
ignored or made light of. The wonder is not that his 
personal and professional affairs have suffered under 
pressure of Division duties; it is that he could have 
found time for any personal or professional affairs at all. 
In appointing Dr. Norris W. Rakestraw to complete 
the retiring Secretary’s term, the Executive Committee 
has placed him in the always-difficult position of suc- 
cessor to an incumbent who seemed made to order for 
the post. Yet we believe that the Committee has 
chosen wisely and well. Dr. Rakestraw is scarcely the 
man to be overawed at prospect of a difficult under- 
taking or to permit his own light to shine dimly by 
reason of the effulgence of his predecessor’s lamp. He 
has been an active member of the Division (in the true 
as well as the technical sense) and a constant attendant 
at Division meetings. He is thoroughly familiar with 
Division history and affairs and is completely attuned 
to the spirit, objectives, and aspirations of the organiza- 
tion. We join the Executive Committee in commend- 
ing Dr. Rakestraw to the Division and in expressing 
the hope and conviction that he will receive the full 
coéperation and support of its members. 
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The SOY-BEAN INDUSTRY 
in the UNITED STATES 


A. A. HORVATH* 


Pittsburgh, Pennsylvania 


Although China has long appreciated the peculiar virtues 
of the soy bean, the Occident 1s only beginning to awaken to 
the potential utility of this unique legume. As an eco- 
nomical source of valuable and wholesome dietary elements 
it probably has no peer. The diversity of industrial uses 
to which its several derivatives are already put is little 
short of amazing. As yet, however, we are only beginning 
to suspect the extent of the potentialities which further 
scientific research may here discover and which commercial 
development may transform into actualities. 


++ + + + + 


HE way out of the present economic depression 

lies along the line of readjustment, of new ideas 

and developments. One of the young giants 
in our commercial life that is beginning to stretch 
mighty and powerful limbs is the domestic soy-bean 
industry. 

Chemically, the soy bean consists of about 40 per cent. 
protein, 20 per cent. oil, 10 per cent. moisture, and 5 per 
cent. ash, the remainder consisting of non-nitrogenous 
extractives. There is practically no starch present. 

The soy bean was introduced into the United States 
as early as 1804. By 1914 only 2000 acres were planted 
in the state of Illinois, but by 1927 this acreage had 
increased to 776,000. In the whole United States 50,- 
000 acres were planted in 1917 while the acreage for 
1931 was 3,497,000. 


in many sections of the cotton and corn belt. Ac- 
cording to the figures of the U. S. Department of Agri- 
culture for 1931, 2,226,000 acres of soy beans were 
utilized for hay and 1,271,000 acres produced 18,885,000 
bushels of seed. The production by states (bushels of 
seed) is tabulated below: 


Illinois 6,055,000 Virginia 392,000 Arkansas 174,000 
N. Carolina 3,542,000 Kentucky 378,000 Maryland 94,000 
Indiana 3,062,000 Delaware 364,000 Oklahoma 70,000 
Louisiana 1,092,000 Mississippi 399,000 West Virginia 36,000 
Missouri 1,080,000 Tennessee 165,000 Michigan 24,000 
Iowa 578,000 Georgia 171,000 Wisconsin 20,000 
S. Carolina 323,000 Alabama 207,000 

Ohio 560,000 Kansas 108,000 


The widespread interest in the soy bean, created by 
the phenomenal increase in acreage and production, 
indicates that the crop is destined to become one of 
considerable economic value in the United States. 
Within a decade it has advanced from a position of 
minor to one of major importance. 

In 1925 the National Soy-bean Growers Association 
was formally organized. One of its objects is ‘‘to bring 
together for mutual codperation and coérdination of 
effort those interested in the production, distribution, 
utilization and investigation of the soy-bean industry 
in all its phases.’’ Its present name is the American 


Soy-bean Association (16). 
OIL MILLING 





Until recently 
this plant has been 
grown primarily as 
a forage crop. At 
the present time the 
soy bean occupies a 
permanent place in 
many of the rota- 
tions of the farming 
systems of the east- 
ern half of the 
United States. A 
constantly increas- 
ing demand for the 
seed has led to the 
development of 
very profitable soy- 
bean seed industries 








* Special Associate 
Member of the Na- 
tional Soy-bean Oil 
Manufacturers Associ- 





The richness of 
the soy bean in oil 
has been known to 
the Orientals since 
time immemorial, 
and they have de- 
vised a wedge press 

+ enabling the secur- 
ing of about 50 per 
cent. of the oil. 

The Western 
technic has de- 
veloped three proc- 
esses: (1) Solvent 
or new process. In 
this method chemi- 
cals are used to 
dissolve the oil in 
the beans. Very 
little solvent-proc- 
ess soy-bean oil is 
produced in the 








ation. [P. O. Box 331, 
Oakland Station. ] 





A HypRAvuLic Process MILL 


oO 





William O. Goodrich Co., Milwaukee, Wis. 
United States. (2) 








A. E. Staley Mfg. Co., Decatur, Iil. 
EQUIPMENT FOR THE SOY-BEAN OIL REFINING PROCESS 
High vacuum hammer-welded cooling tank for bringing de- 
odorized oil to room temperature. In the background is a 
mineral wool insulated winterization tank for cold chilling of 
soy-bean oil. 


Hydraulic or old process. The soy beans after being 
ground are cooked in a steam-jacketed kettle at a tem- 
perature near 200° Fahrenheit. Hydraulic pressure 
is then applied to press out the oil. (3) Expeller 
method. This is a comparatively new method. The 
soy beans after being ground are cooked in steam- 
jacketed kettles and then the oil is expelled by a fric- 
tion process, which generates a temperature well above 
the boiling point. Carefully manufactured soy-bean 
meal made by the expeller process is well cooked and 
has a bland, nut-like taste. 

Meal or cake made by the expeller method contains 
about 4.0 per cent. oil and by the hydraulic process up 
to 8 per cent. One ton of beans (331/3 bushels of 60 
pounds each) containing 19 per cent. oil will yield by the 
expression method about 250 pounds of oil and about 
1600 pounds of meal, the remaining 150 pounds being 
ascribable to loss in cleaning and milling, and to mois- 
ture. 

Soy-bean oil has always found a market in the United 
States, as our records of imports show, and starting 
with the year 1913 the records reveal tremendous 
gains. During the war the general shortage of fats 
and oils made it necessary to import substantial 
amounts of Manchurian soy-bean oil. The import 
figures for 1918 show that 336,824,646 pounds valued at 
$32,827,460 were received from the Orient. It was 
quite natural that the idea of producing soy-bean oil 
from domestic beans should have received a decided 
stimulus under such conditions. North Carolina led 
the way and produced a small amount of oil in 1916 
in a cotton-oil mill. In 1920 the Chicago Heights Oil 
Manufacturing Co. followed and in 1922 soy-bean oil 
was made by the A. E. Staley Manufacturing Co. of 
Decatur, Illinois, operating one expeller. The capacity 


of this mill today is over a million bushels per year. 
In 1923 the Blish Milling Co., of Seymour and Croters- 
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ville, Indiana, also began to crush soy beans, and their 
production rose to 317,000 pounds in the season 1927- 
28. In 1924 Funk Brothers, of Bloomington, Illinois, 
joined the ranks of these pioneers.* By 1929 new mills 
for the crushing of beans were springing up everywhere 
and others were planned in various localities. 

The increasing quantity of soy beans crushed for the 
manufacture of oil and meal in recent years is shown by 
the data of the U. S. Bureau of Agricultural Economics: 


For the season of 1925-23, 10,520 tons 
1926-27, 10,036 tons 
1927-28, 16,728 tons 
1928-29, 26,448 tons 


1929-30, 48,038 tons 
1930-31, 121,455 tons 


The greatest handicap the soy-bean oil industry has 
had to combat heretofore has been the scarcity of 
mill beans. Only one or two mills have ever been able 
to run the year through. The farmers would either 
feed the beans to live stock or hold them for seed. At 
the present time the situation is entirely changed and 
more soy beans are available than the crushing industry 
uses. 

According to W. H. Eastman (5), president of the 
National Soy-bean Oil Manufacturers Association, the 
production of soy-bean oil in 1930 was 13,500,000 
pounds, as compared to 11,000,000 pounds in 1929. 
Consumption during 1930 totaled 17,000,000 pounds, 
as compared with 13,000,000 pounds for 1929. That 
the consumption figures are larger than production is 
due to the use of part of the inventory stocks carried 
over from preceding seasons. With the increase in 
domestic production and consumption has come a 
decline in imports of soy-bean oil from 19,500,000 
pounds in 1929 to 8,300,000 pounds in 1930. And 
although the greatest proportion of this imported oil 
was re-exported as refined oil in order to obtain the 
benefit of the tariff drawback, the figures do help com- 
plete a picture which shows the extent to which soy- 
bean oil is used in American industry today. 

The profitable utilization of the American commercial 
soy-bean crop is one of our important farm problems. 
The soy-bean plant and its products have a wide field of 
uses, but, as stated by Eastman, without the oil-milling 
industry to provide a cash market for the commercial 
supply of soy beans, the crop cannot be expanded, 
nor can its true value be fully realized. In 1930 
the threshed soy-bean crop aggregated approximately 
13,000,000 bushels. Along with this greater produc- 
tion has come a steady increase in the amount which 
has moved into commercial channels until in 1930 the 
percentage of commercial soy beans totaled about 30 
per cent. of the United States production or somewhat 
over 4,000,000 bushels. 

These figures show that the milling industry has as- 
sumed considerable importance in providing an outlet 
for a large share of the soy beans in this country, and 
to this extent is paving the way for a continued ex- 


* Data secured from O. Eisenschiml. [See reference (6).] 
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pansion of the crop. Therefore it is the demand for 
soy-bean products which will determine the future de- 
mand for milling beans, and which in turn will have 
considerable effect upon the development of the soy- 
bean crop. Accordingly, it is upon the consumption 
of soy-bean oil and soy-bean oil meal that the continued 
utilization of the soy bean in the oil-milling industry 
depends. 

The consumption of soy-bean oil should be well main- 
tained in the future, as new uses are constantly being 
developed for the oil. It is being consumed in large 
quantities by the soap and edible fat industries. There 
is also a steadily increasing demand for the oil in the 
paint and varnish, coated fabrics, and core-oil indus- 
tries, to mention but a few of the larger users. It ap- 
pears as though there should continue to be a fair de- 
mand for all the soy-bean oil produced in this country 
as long as its price is on a comparable basis with com- 
petitive oils. 

Nevertheless, although the greater consumption of 
soy-bean oil is of considerable interest and importance 
to the milling industry, we must bear in mind that the 
oil comprises only about one-seventh of the combined 
weight of the products, while the cake or meal remaining 
after processing the soy beans comprises approximately 
six-sevenths of the total weight. Therefore the main- 
tenance of the soy-bean milling industry at a high level of 
production 1s dependent upon the consumption of soy-bean 
oil meal. And heretofore, according to Eastman, this 
consumption has been disappointingly small, despite 
the fact that the meal has no superior as a protein con- 
centrate. 

The soy-bean meal has not received the attention 
which it requires and which it merits. Soy-bean oil 
meal is perhaps the most versatile of all protein con- 
centrates, and can be fed with equal success to all types 
of livestock. It is highly nutritious, palatable, and 
digestible, with a very desirable physical effect on the 
animal, and has given excellent results both in experi- 
ments and under actual feeding conditions. Finally, 
and what is of considerable importance at this time, 
its value per unit of protein is unsurpassed. It should 
be quite apparent that the American feeder has not 
come to realize the value of the meal, nor to utilize its 
qualities to the same extent as the Danish farmer. 
In the year 1930 something over 100,000 tons of the 
meal were manufactured in this country from our 
domestic soy beans. Yet the little country of Denmark 
is consuming considerably more than we produce in 
the United States, while our milling industry is forced 
to store a good share of its production, unable to dis- 
pose of it. This is not only something for our livestock 
feeders to consider, but it should also interest growers 
and distributors of soy beans. 

Soy-bean oil has in the average the following chemical 
composition: glycerides of saturated fatty acids, 
14 per cent.; of linolenic acid, 2 per cent.; of linolic 
acid, 53 per cent.; of oleic acid, 30 per cent.; un- 
saponifiable matter, etc., 1 per cent. Its average 
iodine number is 130 (Hiibl). 





A. E. Staley Mfg. Co., Decatur, Ill. 


STEAM ASPIRATOR FOR PropucING HIGH VACUUM FOR 
DEODORIZING VEGETABLE OILS 


The current trading rules of the National Soy-bean Oil 
Manufacturers Association require that crude soy-bean 
oil shall not contain in excess of 1.5 per cent. free fatty 
acids or 0.1 of one per cent. moisture and impurities. 
The rules of the New York Produce Exchange in Oils 
require that prime crude soy-bean oil shall refine to a 
color not deeper than 35 yellow and 9 red (Lovibond). 

Soy-bean oil is classed under semi-drying oils and has 
its well-defined place in the paint and varnish industry. 
According to the authoritative opinion of Dr. O. 
Eisenschiml (6) the proportion of soy-bean oil shall 
be between 10 and 15 per cent. of the paint vehicle (in 
admixture with linseed oil). When used in this way 
the resulting oil film is apparently as strong as though 
the soy-bean oil were not present, but, on the contrary, 
is more elastic and will not turn brittle under condi- 
tions that would so affect a film of pure linseed oil. 
The question naturally arises whether if a 10 per cent. 
admixture of soy-bean oil is desirable, an equal dilution 
with corn oil, cottonseed oil, paraffin oil, or some other 
substance could be advocated on the same grounds. 
This would be, according to Eisenschiml, an entirely 
wrong conclusion. It seems that soy-bean oil and 
linseed oil amalgamate perfectly, giving a homogeneous 
film; even if an excess of soy-bean oil is used, the oil 
film will be equally faulty all over, remaining tacky in- 
stead of drying hard. Corn oil, on the other hand, 
seems to draw together in spots, and a mixture of 10 
per cent. corn oil with 90 per cent. linseed oil shows an 
uneven appearance, with perfect areas interspersed 
among wet patches. In the case of paraffin oil the 
result is still more disastrous. 

Soy-bean oil has certain properties which make it 
more valuable to the paint and varnish industry than 
it would be as a mere diluent for linseed oil. For in- 
stance, it is particularly well adapted for grinding 
pastes. These pastes never skin over and they hold 
their original tints remarkably well. In this way the 
oil is being used in steadily increasing quantities. 





Soy-bean oil further has the property of mitigating 
the after-yellowing of a white paint or enamel, and 
in this respect it is without a peer. The trade would 
pay a considerable premium over the price of linseed 
oil to obtain soy-bean oil for this purpose. Some con- 
cerns use soy-bean oil in the form of blown oil in connec- 
tion with this application, but a bleachable, non-break, 
refined oil properly treated in the kettle is probably 
preferable. 

The quantity of soy-bean oil that the paint trade will 
absorb at about a cent a pound under that of linseed 
oil is considerable, but much educational work remains 
to be done along these lines; and, after all, the amount 
of paint used has its natural limitations regardless of 
price. Hence, the soy-bean industry will have to look 
for the disposal of very large quantities of oil to the 
edible fat or to the soap trades. In these fields, the 
price of cottonseed oil, corn oil, and related products 
will dictate the market for soy-bean oil, and until this 
stranger in their midst has established its own place, 
it will have to be sold at a discount. This discount 
will offer great financial gains to those who are prepared 
to take advantage of it when the proper moment 
comes. 

It is estimated that 75 per cent. of the soy-bean oil 
consumed in the United States is being used by paint 
and varnish industries and in manufacture of linoleum, 
oilcloth, and artificial leather. Lesser quantities are 
utilized in printer’s ink and soap. 

Soy-bean oil, standing midway between linseed oil 
and cottonseed oil in its general and special soap-making 
properties, is being used as a substitute for both of 
these oils. In the manufacture of soft soap soy-bean 
oil serves as an almost complete substitute for linseed 
oil. In the manufacture of hard soaps it can replace 
cottonseed oil to some extent only, as the soap is softer 
than the one made from cottonseed oil. The hardness 
can be enhanced by mixing with waterglass and the 
luster by application of starch. 

It is somewhat hard to saponify soy-bean oil and its 
incomplete saponification will produce a kind of soap 
which is susceptible to deterioration. These defects, 
however, may be remedied by mixture in suitable 
quantities with tallow, cocoanut oil, rosin, etc. They 
are readily saponifiable in a mixture with soy-bean oil 
and the saponification of soy-bean oil is greatly facili- 
tated through their accelerating influence. The best 
proportion is from 20 to 30 per cent. of soy-bean oil. 

The limit concentration of caustic soda lye solution 
for the saponification of soy-bean oil is 8.5° Bé. Ifa 
higher concentration is used the result is a partial 
saponification combined with a salting-out effect. The 
offensive odor of such soy-bean soap, as time goes by, 
arises from decomposition of imperfectly saponified free 
fatty acids. 

At present hydrogenated soy-bean oil is also being 
used in soap manufacture. 

Soy-bean oil is being recommended as a soap material 
on account of its high froth-generating power. Uyehata 
(Japan) (9) has found that a 2 per cent. solution of so- 
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dium chloride does not affect the foaming property of soy- 
bean soap. When the sodium chloride concentration 
was increased to 3 or 4 per cent. the soap became rather 
rough to the touch, although foam was still produced. 
The writer’s studies in China (1920) showed the foam 
of pure soy-bean soap to be very stable, persisting some- 
times forone hour. These qualities make soy-bean soap 
of particular value for hard water and even sea water. 

About 9 per cent. of pure glycerin can be obtained 
from soy-bean oil as a by-product in the manufacture of 
soap. 

The consumption of soy-bean oil by the soap industry 
went up sharply during the Great War, showing an 
increase from 1,182,000 pounds in 1912 to 124,058,000 
pounds in 1917. 

An investigation of the suitability of soy-bean oil for 
core oil was recently made by Casberg and Schubert (4) 
at the Engineering Experiment Station, University of 
Illinois. Their conclusions are that raw soy-bean 
oil produces cores with an average tensile strength that 
compares favorably with the core oils now on the 
market. Cores made with various proportions of 
linseed oil and soy-bean oil were as strong as those made 
with linseed oil. The addition of kerosene to raw 
soy-bean oil caused a gradual reduction in the average 
tensile strength of the cores as the percentage of kero- 
sene in the mixtures was increased. Japanese investi- 
gators (9) are recommending for the axles of railway 
cars a core oil consisting of one part of ‘‘blown’”’ soy-bean 
oil (sp. gr. 0.94) and two parts of heavy petroleum. 


SOY-BEAN OIL FOR FOOD 


The freshly expressed soy-bean oil, if prepared from 
thoroughly sound seed, is practically neutral and has no 
unpleasant taste. On standing, however, the oil ac- 
quires a rancid taste due to the liberation of free fatty 
acids and the formation of oxyacids. The odor of the 
crude soy-bean oil is considered by Schmalfuss and 
Treu (18) to be due to the presence of methyl-n-nonyl 
ketone. 

The advance of science in recent times has quickened 
the development of methods of refining and hydro- 
genating oils. Refined soy-bean oil may be placed on a 
level with refined cottonseed oil. The process of re- 
fining includes the clarification of bean oil (elimination 
of moisture, protein substances, and other organic ad- 
mixtures), the elimination of free fatty acids, the 
bleaching (removal of the coloring matter by clay), 
and the deodorizing. The process of deodorizing con- 
sists chiefly in blowing superheated steam through bean 
oil in a vacuum. In this way are removed most of 
the free volatile acids and substances giving the alde- 
hyde reaction. 

Refined soy-bean oil is being used as a substitute for 
salad oil, often being blended with other oils. In this 
country it has recently found a new channel, namely, 
in the mayonnaise industry. 

Soy-bean oil has been used by the Chinese for many 
centuries as an edible oil. Crude soy-bean oil is digested 
by man to the extent of 95 to 100 per cent. for daily 
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doses of 100 g. The thoroughness of assimilation of 
soy-bean oil by humans has also been confirmed by 
the Office of Home Economics of the U. S. Department 
of Agriculture. 

The presence of a considerable amount of linolic acid 
(53 per cent.) renders the soy-bean oil exceptionally 
valuable as a fatty food, since this acid can be directly 
utilized by the body cells. Burr and Burr (3) showed 
two years ago that scaly feet and dandruff on the back 
of young rats were due to a deficiency of linolic acid in 
the diet (butter does not contain any linolic acid). 
Recently Reed, Yamaguchi, Anderson, and Mendel 
(17), experimenting at Yale, discovered the striking 
amount of activity exhibited by rats on a 37 per cent. 
soy-bean oil diet: ‘At periods of great activity several 
of these rats must have run constantly at a rate of 20 
revolutions per minute for 10-hour periods.”” Soy-bean 
oil, therefore, could profitably be included in the regular 
diet of soldiers, farmers, miners, etc., where there is a 
high demand for muscular efficiency and the exclusion of 
fatigue. 

In hydrogenation the deodorization of soy-bean oil is 
practically complete, and a product made from cotton- 
seed oil has no superiority over that prepared from 
soy-bean oil. The consumption of soy-bean oil in the 
production of lard substitutes and oleomargarine was 
in 1914 in this country 1,585,000 pounds and 486,000 
pounds, respectively, and rose in 1918 to 56,517,000 and 
5,921,000 pounds. (Lard substitutes are prepared by 
mixing lard with partly hydrogenated oil.) 


LECITHIN 


The soy bean is remarkable in the possession of an- 
other substance, closely related to the oil—namely, the 
phospholipoid, lecithin.* It is present in the soy bean 
to an extent of 1.65 per cent. When the oil is ex- 
tracted from the soy bean by a solvent the lecithin is 
extracted simultaneously and has to be separated by 
special procedures. The accompanying chart gives a 
scheme of the whole milling-extraction process. 

Up to the present time all the soy-bean lecithin used 
in this country is being imported from Germany and 
Denmark. The commercial product is a dark brown 
paste or heavy viscous liquid, containing about 60 to 
70 per cent. of lecithin, the remainder being pure soya 
oil, cocoanut oil, etc. 

In a general way lecithin seems to act on fats as a 
protective colloid, and it tends to prevent the separa- 
tion of fractional constituents. When cooled, liquefied 
fats containing lecithin solidify to a homogeneous mass. 

The margarine industry absorbs a considerable 
amount of this lipoid, as its incorporation overcomes 
many of the differences between butter and its sub- 
stitute—e. g., it binds the water and prevents spitting 
when frying. Lecithin is of great interest in the choco- 
late and cocoa industry. It retards the occurrence of 
“‘bloom”’ in chocolate and reduces greatly the viscosity 





* Egg yolk contains approximately 10 per cent. lecithin. Its 
emulsifying as well as some other characteristics may be attrib- 
uted mainly to the high percentage of lecithin. 
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of the latter. As is well known, water increases the 
viscosity of chocolate to an alarming extent. These 
plastic masses can be quickly changed to emulsions of 
more or less normal viscosities by the incorporation of 
half of a per cent. of lecithin. Lecithin may therefore 
be considered as a ‘‘fat economizer.’’ Experimental 
results with cocoa and lecithin show the possibility of 
overcoming the formation of sediments at the bottom 
of the cup, as the addition of the lipoid helps to stabilize 
the emulsion formed when cocoa is made up for drinking 
purposes (14). 

The use of lecithin in baking presents several pos- 
sibilities. It permits a more even distribution of fat 
and obtains a maximum shortening effect, increases the 
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water absorption power of the mix, retains moisture 
more effectively in the baked cake and delays the 
staling process, Ziegelmayer (19) found that lecithin 
prevents the syneresis of dough. In the absence of 
lecithin, swelling continues until sol formation occurs. 

Lecithin has also found application in the textile 
industry. Soya lecithin when used by itself in aqueous 
emulsion gives a very useful lubricant for both cotton 
and wool, and it can also be mixed with olein in any 
proportion. In cases where great softness and supple- 
ness are called for, the new product should be borne 
in mind for use in spinning the fiber. The addition 
of lecithin to doubling liquid is claimed to give the 
yarn rather more weight and it becomes soft and 
lustrous. When mercerized, the yarn treated with 
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lecithin has a rather higher luster. In the finishing of 
artificial silk the presence of lecithin is said to produce 
more level dyeings. Bleached lecithin is advocated for 
cotton finishing. It prevents the goods from becoming 
stiff during drying, tends to close the interstices, and 
keeps the finish together in a satisfactory manner when 
the goods are given a run on the breaking machine. 
Generally, the addition of lecithin makes that operation 
unnecessary. The addition of lecithin is said to have a 
beneficial effect also for kier-boil under pressure, dye 
baths, and cloth printing (13). 

Soy-bean lecithin is also a suitable ingredient for 
emulsions for greasing chrome leather. The presence 
of one per cent. of lecithin in emulsions causes a decided 
increase, in most cases, in the absorption of grease by 
the leather. This addition also permits the use of a 
higher temperature, which likewise increases the 
amount of grease absorbed (2). 


BLEACHING PROPERTIES 


The domestic industry, represented by the J. R. 
Short Milling Co., Chicago, has become a pioneer in 
issuing a soy-bean preparation, “‘Wytase,’’ possessing 
the capacity of bleaching natural wheat flour. Its 
action is based on the oxidizing effect of the natural 
enzymes of the soy bean. It makes possible the use of 
unbleached wheat flour for bread. One per cent. 
wytase added to the dough and fermented in the 
regular way lightens the yellow color appreciably. 


SOY BEANS FOR FOOD 


The average Chinese lives on but a few cents a day. 
This is not a myth, nor is it merely a sign of abject 
poverty; it is a simple statement of an economic 
accomplishment of which China may justly feel proud. 
We in spendthrift America should at least stop and 
honestly study China’s sane solution of her food prob- 
lem. The brief experience of the Occident becomes 
ridiculously insignificant when compared to the 4000- 
year experiment which the Orient has conducted on the 
feeding of large numbers of people. We, with our new 
civilization, are still undergoing adjustment to new en- 
vironmental and economic influences and have not yet 
reached a state of stable equilibrium (1). 

The Chinese people make practically no use of 
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dairy products and the people consume a very meager 
amount of meat. Yet, in spite of this, they have lived 
for centuries on what appears to be a remarkably 
well-balanced diet by the use of the soy bean. 

It was mentioned that the soy bean contains, besides 
its 20 per cent. of oil, about 40 per cent. of protein. 
This protein has been found by leading American and 
European authorities to be a ‘‘complete protein”’ 
which can bé used as a substitute for meat, egg, and 
milk protein.* Since lean beef contains only 20 per 
cent. protein and 10 per cent. fat it is evident that 
one pound of soy beans is equivalent in protein and fat to 
two pounds of beef. And, in addition, the soy bean 
contains all the known vitamins and has a physiologi- 
cally alkaline ash. The market price for one bushel 
of soy beans in this country was at times as low as 
40 cents last winter and averaged Jess than one cent per 
pound. ‘The possibility of having an equivalent of two 
pounds of beef for less than one cent should make the 
problem of feeding the 10,000,000 needy and unem- 
ployed a much more simple one. But it is first neces- 
sary to educate the American people. The U. S. De- 
partment of Agriculture, with Mr. W. J. Morse as the 
able leader of the Soy-bean Division, has not spared any 
effort in the last decades to develop interest in this 
bean. The U. S. Bureau of Home Economics, more 
than ten years ago, published over one hundred recipes 
for the use of the soy bean as food. Yet, up to 1929, 
the progress in this direction was very slow. Five years 
ago soy-bean oil millers were not interested in develop- 
ing soy-bean foods. All they wanted was to get 
sufficient beans for milling. In recent times a certain 
hesitance has been felt in the sales divisions of some 
milling companies, owing, undoubtedly, to difficulties 
to be encountered in the form of the natural sales resis- 
tance to a new type of product. 

The absence of sufficient vision on the part of some 
of the leading soy-bean millers in the past, and the 
unsound economic conditions of war and post-war times, 
resulted in the present situation where the demand for 
soy-bean cake is the limiting factor for the industry. 
Were it possible to convert the 100,000 tons of soy-bean 
meal, produced by the oil millers in one of the recent 


* Navy beans, lima beans, etc., contain only 20 per cent. pro- 
tein, and it is not a ‘‘complete’’ protein. 
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years, into edible flour, and distribute it among the 
10,000,000 unemployed, there would be only 20 pounds 
per capita. At a ration of one-half pound per day, 
it would last for 40 days only. 

In extenuation of the hesitancy of the oil millers 
stands the well-known fact that whole soy-bean flour or a 
flour from soy-bean cake cannot be kept without turn- 
ing rancid and acquiring an unpleasant odor and taste. 
In addition, the reputation of soy-bean flour for human 
consumption has suffered enormously from the fact 
that it is known chiefly as a feed for farm stock and 
from the marketing of low-grade edible flours, con- 
sisting mostly of nothing but roasted soy-bean cake. 

A new era dawned in the possibilities of the soy bean 
for food with the discovery in 1923 by Prof. L. Berc- 
zeller (8), (10) of the University of Vienna of a special 
process which eliminated the beany flavor from the soy 
bean and produced a nutty-tasting soy-bean flour capa- 
ble of being stored for years without marked deteriora- 
tion. Its principle consists in the subjection of the 
beans to the action of saturated steam for a short period 
of time, followed by vacuum distillation. It is to the 
credit of the Soyex Company that this process was 
brought over to the United States with the establish- 
ment in 1930 of a plant in Nutley, New Jersey. A high 
standard for soy-bean flour was established, confidence 
in the possibilities of soy beans for food was gradually 
gained, and the interest of the public and industrialists 
was reflected in a number of new attempts in the 
form of plants and laboratories which started to conduct 
experiments and to manufacture their own soy-bean 
flour and a great variety of soy-bean food products. 
Another stimulating factor was the beginning of the 
depression and later its height with the oversaturation 
of the market with standard articles, which awakened 
the American pioneer spirit for an effort in the develop- 
ment of new products. 

The baking industry became particularly interested 
in soy-bean flour and in a number of cities bread with 
12 to 15 per cent. soy-bean flour is now available.* 
The wheat industry has realized that soy-bean flour is 
not a competitor of wheat but an ally, capable of 
bringing the wheat consumption up. Soy-bean pan- 
cake flour, macaroni, etc., are also on the market, along 
with a number of confectionary goods (doughnuts, 
etc.) manufactured with soy-bean flour. In using soy- 
bean flour the confectioner is attracted by the prospect 
. of saving in eggs, milk, and shortening. It is said 
that soy-bean flour up to 1 per cent. is being used in this 
country for some brands of ice cream. A sweetened, 
chocolate-flavored soy-bean powder is being extensively 
advertised by radio. A soy-bean baby food, which was 
successfully fed a few years ago to forty babies with 
milk idiosyncrasy at Harvard Medical School (7), 
is also on the market. There are in the United States 
also some small canneries for soy beans and soya cheese 
(Tofu), soy sauce and Worcestershire sauce. 





* It contains about twice as much protein as wheat bread, the 
protein being of higher quality; the yield in déugh and baked 
bread is larger, and its keeping qualities are enhanced. 
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The only existing way to convert the presscake 
from the oil mills into an edible product is to extract 
the remaining oil by some solvent. This procedure 
should, besides, be applied immediately after the 
pressing of the oil before deterioration setsin. It is also 
necessary to select beans of good quality, remove all the 
impurities, and thoroughly clean them before milling. 
The milling process will also have to be modified. 
While at present the interest of the oil miller is focused 
on the oil, the meal being considered a rather burden- 
some by-product, in the future both will be leading 
in the new development of the soy-bean industry. It is 
evident that a much higher price can be charged for 
edible soya flour than for stock feed. With larger 
profits the milling industry will be able to pay more 
to the soy-bean grower and make farming more profit- 
able. 


GLUE 


In recent years the soy-bean cake (or meal) has found 
another outlet—namely, in the soy-bean glue industry. 
From the beginning in 1923 until 1926 soy-bean glue 
faced the typical discouraging and disheartening uphill 
fight that is faced by most new products until all 
production problems are solved and the products 
themselves win the full confidence of the users. The 
year 1926 proved to be the turning point in the life 
history of soy-bean glue. Prior to this time there had 
been an insistent demand for plywood of greater water 
resistance on the part of automobile manufacturers, 
who were beginning to buy large amounts of plywood. 
Finally, the Pacific Coast Plywood Manufacturers 
announced through their Association that they wished 
to arrange a series of competitive demonstrations of 
all water-resisting plywood glues. These demonstra- 
tions were made during April, 1926, with nearly all 
glue manufacturers participating. The results in 
these tests obtained with soy-bean glues of I. F. Laucks, 
Inc., Seattle, Washington, were so outstanding that 
these glues were almost immediately adopted by all the 
Pacific Coast plywood manufacturers and have since 
been in continuous use there. In 1927 the manu- 
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soy sauce. Soy sauce has been found to enhance markedly the 
digestion of carbohydrates and proteins. 
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facture of commercial veneer glue from American- 
grown soy beans was begun. 

The present uses of soy-bean glues embrace the entire 
fir and pine plywood industry, together with a large 
share of the plywood box industry and the furniture 
plywood industry so far as glass backs, drawer bottoms, 
and similar panels are concerned, but not tops, drawer 
fronts, and other plywood where fancy veneers are 
used extensively. A considerable tonnage is also 
used in the lamination of insulating board to be used 
in refrigerators and for other purposes. 

Fir wood and soy-bean glue apparently have a natural, 
mutual affinity—a very fortunate thing for a new glue 
introduced in the Pacific Northwest. Not only were 
there advantages in adhesion and water resistance, 
but also the use of soy-bean glue enabled the fir plants 
to speed up production, because the peculiar consistency 
of the new glue enabled the spreader crews to handle 
stock faster, and also because spreaders could be run at a 
higher speed without danger of foam. 

A matter of incidental technical interest that has 
been developed in connection with soy-bean glues is the 
use of carbon bisulfide as an agent to increase water 
resistance. This chemical materially increases the 
water resistance of protein glues and is particularly 
useful with soy-bean and casein glues. 

Soy-bean glue, although a newcomer in the plywood 
field, has found many uses in the last eight years, and 
its tonnage approximates that of all other plywood glues 


(12). 
SOY-BEAN EXHIBIT AT THE CHICAGO WORLD'S FAIR 


The soy-bean industry of the United States will 
be adequately represented at the 1933 ‘“‘Century of 
Progress’ exposition in Chicago in the Agricultural 
Division under the title “Century Soy-bean Exhibit.” 
On July 9, 1931, an organization meeting of representa- 
tives of the soy-bean industries was held in Chicago, 
where a committee was elected for the sections: produc- 
ing, marketing, and utilization, the latter section being 
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subdivided into human utilization, livestock utilization, 
the arts, paints and oils, and milling. The “Century 
Soy-bean Exhibit” is an excellent opportunity for the 
domestic soy-bean industries to display their products 
and it is undoubtedly going to stimulate further de- 
velopments. 


CONCLUSIONS 
As Henry Ford recently said, 


The dinner table of the world is not a sufficient outlet for the 
farmer’s products; there must be found a wider market if agri- 
culture is to be all that it is competent to become. And where is 
that market to be found if not in industry? .... For several years 
we have been running large crops of everything from sunflowers to 
soy beans through our chemical laboratory, in an effort to find an 
annual market for the farmer’s produce. 


There can be no doubt that the soy bean is one of the 
most promising of all agricultural plants for an almost 
unlimited variety of industrial uses, and that it is 
going to play an outstanding rdéle in the future eco- 
nomic life of this country. 
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RECENT ADVANCES in the 
CHEMISTRY of VITAMINS’ 


IDA B. ROUTH 
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Recent work has thrown considerable light upon the 
chemical structure of carotene and its importance as the 
probable precursor of vitamin A. It has been announced 
that the vitamin itself has been prepared from carotene. 

A crystalline preparation of vitamin B, has been 
made, and its empirical formula ascertained. 

Vitamin C has been prepared, it is claimed, from 
narcotine and is the di-phenol of that alkaloid. A more 
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O MUCH has been accomplished in the last few 
years, and even in the last few months, in the 
field of vitamin chemistry that a survey of the 

more recent publications in this field would seem to 
be of particular value just at this point. The Egyp- 
tians, Herodotus thought, had thicker skulls than the 
Persians, because they exposed their heads constantly 
to the burning rays of the sun. The mariners of the 
sixteenth century knew that a supply of citrus juices 
warded off scurvy. But the concept of “vitamin” 
is a very recent thing. Practically all our definite 
knowledge began with the experiments of Eijkman, 
in 1887, who was able to induce a neuritic disease in 
fowls, similar to beri-beri in humans, by feeding 
polished rice. He established the fact that the disease 
was not due to the presence of pathogenic organisms. 
Nor was it a result of insufficient mechanical in- 
testinal stimulation, nor lack of food value. He as- 
sumed that the excess of starch fed led to some sort 
of intoxication, as a result of disturbed carbohydrate 
metabolism, and that in the cure of the disease upon 
feeding the rice polishings, some factor was fed which 
counteracted the disturbance. This was of course 
erroneous, but he did point out the fact that some 
factor present in the polishings was necessary for 
normal maintenance of health. 

To take up in detail the history of the work in this 
field would require a monograph. It is the purpose 
of this paper to take up only those more specific facts 
directly related to the recent developments in the 
preparation of the active substance in pure form. 


VITAMIN A 


As early as 1881 it was known that milk contained a 
factor necessary for nutrition. Yet it was not until 
1920-22 that this factor, to which was assigned the 
name vitamin A, was in any way related to the caro- 
tenoids, those red and yellow substances found in 





* Presented in seminar to the Department of Organic Chemis- 
try of the Graduate School of Washington Square College, March 
2, 1932. $ 


recent report relates the vitamin to the ‘‘hexuronic acid’’ 
studied as an oxidation-reduction factor in adrenal cortex, 
oranges, and cabbage. 

Vitamin D has been prepared in crystalline form by 
investigators in Germany, in England, and in this 
country. It 1s an intermediate irradiation product of 
ergosterol. 

Of vitamin E little is, as yet, known. 
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carrots, tomatoes, red cabbage, and other vegetables. 
Many investigators then noted that the active sub- 
stance was usually accompanied by these colored 
materials, and the idea was advanced that there might 
be some direct relationship between them (1), (2). 

Later Drummond and Duliere, feeding carotene in 
ethyl oleate solution, concluded that there was no sign 
of growth promotion, and therefore carotene was not 
the provitamin. In 1928 certain Swiss investigators 
(3), (4), (5) again tried feeding carotene and obtained 
striking positive results, after noting the fact that 
the carotenoids and the vitamin gave similar color 
reactions with SbCl;. Other workers verified these 
results (6). 

Ahmad (7) showed that the manner of feeding was 
most important. Explanation of the negative results 
of Drummond and Duliere was found in the fact that 
while carotene in fat solution was effective as a pro- 
moter of growth in vitamin A-depleted animals, in 
ethyl oleate solution it is rapidly decolorized and 
decomposed. 

There appeared to be three possible explanations of 
carotene activity. First, there might be traces of the 
vitamin present in carotene preparations. This pos- 
sibility was discarded when it became clear that while 
the vitamin shows three absorption maxima in the 
ultra-violet region of the spectra, carotene shows 
only two of these. Hence the absence of the vitamin 
can be assured. Second, it may be that more than one 
substance can function as the vitamin. This pos- 
sibility seems to be borne out by the differences in 
stability toward heat and SO., in color, and in potency 
of preparations from different sources. Karrer’s recent 
work inclines him toward the belief that a specific 
grouping rather than a specific substance is responsible 
for the activity. Third, the carotene may be changed 
to the vitamin in the animal body. There has been 
much debate on this point, but it now seems clear that 
this conversion does occur. Many investigators have 
shown positive results, and Olcott and McCann (8) 
claim to have shown conclusively that the conversion 
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takes place in the liver. They have performed the 
conversion in vitro with liver extract from vitamin A- 
depleted rats, and since the conversion does not occur 
if the extract is first heated, they point out that the 
change is enzymatic in nature. 

In view of these facts, Karrer and his co-workers 
began the study of the structure of the carotenoids, and 
their results have been most interesting (9), (10), (11), 
(12), (18). 

Both carotene and its isomer lycopene are obtained 
in crystalline form. By analysis, we find CioHss. On 
catalytic hydrogenation carotene proves to have eleven 
double bonds, and lycopene thirteen. The perhydro- 
lycopene so formed is paraffinic in nature, and must 
therefore be acyclic. On ozonizing, acetic acid, some 
acetone, traces of succinic and oxalic acids are found, 
but no higher fatty acids and no ring compounds. 
Hence there may not be any long chain of saturated 
carbon atoms. Karrer believes that the chain is com- 
posed of eight isoprene residues, and six saturated car- 
bons situated in the chain as shown in the formula which 
he proposes. 


: ie CH; i. 
CH;-C: CH-CH2-CH:2-C: cHcHacHe: CH-CH:CH]y-C: CH-- 
56 
CH.CH.2C:CH-CHs 
LYCOPENE 


The saturated atoms lie within the molecule, at 
either end, in pairs, and one at either end on the entire 


chain. Breaks at the ethylenic linkages account for the 
acetone (end of the chain) and acetic acid. The levu- 
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linic acid which would be formed at the saturation 
points we may expect to detect as succinic or oxalic 
acid, since it is itself subject to oxidation. 

Carotene, with two fewer double bonds, was sub- 
jected to permanganate oxidation. The products 
were of a totally different nature, indicating the 
presence of a substituted cyclohexane ring. By assum- 
ing that ring closure occurs in the lycopene molecule 
at either end, Karrer obtains this formula (I) which 
accounts for the oxidation products, §-ionone (II), 
a,a-dimethylglutaric acid (IV), geronic acid (III), a,a- 
dimethylsuccinic acid, (V), a,a-dimethylmalonic acid 
(VI), and acetic acid (VII), by successive stages of 
oxidation of the first ring and a portion of the in- 
termediate chain. 

This fits together the theory and experimental evi- 
dence very beautifully, as far as the first ring is con- 
cerned. There are, however, certain discrepancies. 
From the oxidation of the second ring we should expect 
a series of different compounds, such as these: 


ia ii 
saidiaiad Wininiaseaianecabiians HOOC:C-CH2:CH2-CH2:CO-CHs 
COOH COOH 


These are not found. Moreover, from ring 2, which 
contains an asymmetric carbon, we should expect the 
compound to be optically active, and 8-carotene is in- 
active. Quantitative removal of the methyl side 
chains as acetic acid should yield five to five and a half 
mols for carotene, and five to six for lycopene. Only 
four to four and a half mols were found. With chromic 
acid oxidation we should expect eight moles of acetic 
from these formulas, and only six are to be obtained. 

Considering these facts, the investigators attempted 
to establish a symmetrical formula by assuming that 
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two similar halves, such as phytol or phytol aldehyde, 
which had been formed in the usual “head-to-tail” 
condensation of isoprene residues, underwent some- 
thing like a benzoin condensation. By dehydrogena- 
tion of the resulting product lycopene might be ob- 
tained, and from it, by ring closure, carotene. 

In support of this theory the synthesis of squalene is 
cited (14). By means of the action of Mg or K on 
farnesyl bromide, the product squalene was obtained 
and identified with the synthetic product already 
made and characterized by Heilbron (15), and with the 
natural squalene. 
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With this foundation, the investigation of the iso- 
meric carotenes was undertaken (16), (17). On ozoniz- 
ing the pure inactive carotene (dark violet crystals, 
m. p. 181-2°), the amount of geronic acid recovered was 
comparable to that obtained from two moles of £- 
ionone. This is taken as evidence of two £-ionone 
rings in the 8-carotene. Upon reduction with alumi- 
num amalgam and subsequent ozonizing, the same 
amount of geronic acid is recovered. Since this type 
of reduction adds hydrogen only to the two ends of a 
conjugated system, apparently no reduction has oc- 
curred in the rings. This may be accounted for by 
steric hindrance, since the double bonds at the ends 
of the system lie between two methyl-bearing carbons. 
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(NOTE. Only the ring is given, as the only change occurs here.) 
* Denotes optical activity of asymmetric carbon. 
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On the other hand, aluminum amalgam does reduce the 
alpha, or active carotene (purple prisms, [a], = 
+325°, m. p. 174-5°), yielding a compound with ten 
double bonds. Alpha carotene itself does not yield 
the theoretical percentage of geronic acid that 6-caro- 
tene does, but from the reduced [Al amalgam] product, 
we obtain amounts of geronic acid comparable to half 
that from #-carotene. Karrer believes the difference 
to lie in a shifting of the ring double bond to the 4-5 
position from the 5-6 position, and a consequent shift 
all along the chain for the alpha isomer, as is shown in 
the accompanying formulas; such a shift makes pos- 
sible an explanation of the alpha compound optical 
activity, and its reduction with aluminum amalgam to 
a compound containing one 8-ionone ring. 

Since on oxidation the vitamin A gives the same 
geronic acid, the same ionone ring must be present. 
It is the belief of Karrer that the vitamin activity is a 
property of the ionone ring, together with a specially 
conjugated system. The ratio of the molecular weights 
of the vitamin and carotene has been calculated as 1.27 
by diffusion constants or, since the molecular weight of 
carotene is 536, that of the vitamin is 333 (18). Hence 
it is possible that the conversion to the vitamin is a 
splitting process, and perhaps an oxidation. Since 
the vitamin is found in the non-saponifiable fraction of 
natural fats—that is, with the sterols—it may be an 
alcohol.* 


VITAMIN B 


A recent paper mentions four members of the vitamin 
B complex. Two, B; and Bz, are usually distinguished. 
These are found in rice polishings and in brewer’s yeast, 
in some quantity. 

Funk, in 1911-12 (20) was the first to suggest a 
definite formula for a preparation showing vitamin 
activity. His vitamin F, now known as Bi, acrystalline 
preparation showing physiological activity, was as- 
signed the formula C;7H207Ne, and his first declaration 
that it was a nitrate was retracted when he pointed out 
the analogous behavior of this substance and the 
pyrimidines, and suggested some structure similar to 
thymine. 





* Since the submission of this pape* Karrer’s formula for the 
vitamin [KARRER, Morr, AND ScuHopp, ‘‘The Structure of Vita- 
min A,” Helv. Chim. Acta, 14, 1431 (1931)] has received con- 
firmation, at least for the first fourteen carbon atoms of the 
chain, in the work of English investigators [HEILBRON, MorTON, 
AND WEBSTER, “‘The Structure of Vitamin A,” Biochem. J., 26, 
1194-6 (1932)]. The case is summarized by these and others: 
[HEILBRON, HEsSLop, MORTON, WEBSTER, REA, AND DRuM- 
MOND, ‘Characteristics of Highly Active Vitamin A Prepara- 
tions,” zbid., 26, 1178-93 (1932)]. 

“The richest products obtained both by us and by Karrer and 
his collaborators ... are qualitatively and quantitatively 
indistinguishable in respect to ultra-violet absorption.’’ This, 
however, is not a conclusive test of homogeneity. The weight 
of evidence appears to incline them toward the acceptance of 
Karrer’s structure, but “from the standpoint of analytical data, 
the failure to prepare crystalline derivatives of vitamin A makes 
it difficult to compel assent to any claims to having prepared the 
vitamin in a state of purity.”’ The experimental determina- 
tions of molecular weight give values of 320 + 15, while the 
formula calls for a molecular weight of 286. This is taken to 
indicate definite evidence of some contaminant. 
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THYMINE FuNK’s “‘VITAMINE”’ 


From the fact that this was a nitrogen base, and was 
absolutely vital to human and animal health, he called 
it ‘‘vitamine,’’ and because later investigators assumed 
that all these vital factors must be structurally related, 
the name was given a general application. We now 
know that it is a misnomer, but its use has been ac- 
cepted. 

By 1926 the other component of yeast had been 
prepared in concentrations sufficient to allow the 
determination of its properties, and Jansen and Donath 
produced a crystalline substance from rice hulls which 
they thought to be CsHiONe, on the basis of their 
hydrochloride and gold salt. Application of their 
procedure to yeast was not successful, and Windaus 
took up the problem of isolating B; from yeast. The 
results of his work are given in a very recent paper (21). 

By adsorption with fuller’s earth, separation of 
foreign bodies with mercuric and silver salts, and 
benzoylation (the active factor is not influenced by 
benzoylation, while the other components of the mix- 
ture may be, in large part) a crude extract is obtained. 
This is neutralized and diluted and then treated with 
gold chloride solution. In this manner yellow crystals 
of the gold salt are obtained, but the salt is unstable. 
By decomposition with hydrogen sulfide and separation 
of the gold sulfide, a residue is obtained which in water 
solution yields with picrolonic acid a crystalline deriva- 
tive, existing in two forms in equilibrium, and melting 
at 229°. An analysis showed the presence of both 
nitrogen and sulfur, and checked closely the formula 
Cy2Hi7N3OS in combination with two molecules of the 
picrolonic acid, CiHsN,O;. No structural formula is 
given. 

Windaus was also able to prepare the hydrochloride 
from acetone, but it has been shown that the influence 
of acetone causes a very poor yield. The properties of 
the substance separated are in close agreement with 
those of the vitamin, and its physiological activity 
exceeds that of any preparation of B; so far known. 
Tests for vitamin activity were made by subcutaneous 
injection on pigeons. The average activity is 2.4 y. 
This appears to be the only vitamin which contains 
sulfur. No suggestions are made as to the structure 
of the crystalline substance isolated. 


VITAMIN C 


In 1921 it was thought that the anti-scorbutic vitamin 
was an organic acid, containing nitrogen, and con- 
densed with a monose. Agopian obtained the product 
by precipitation from vitamin-containing fruit and 
vegetable juices with heavy metals (22). Four years 


later a nitrogen-free material was isolated which was 
effective in daily doses of 2 mg. per day, comparatively 
a very large dose (23). 


He thought it might be an 
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ortho di-phenol derivative, or glucoside, of catechol 
and an unknown sugar, a view which is of interest in 
the light of recent developments. It was in 1929 
that highly active preparations of the vitamin were 
made from orange juice and from these its properties 
were studied. It was water- and alcohol-soluble, but 
insoluble in most organic solvents. It was much less 
stable in alkaline or neutral solution than in acid 
solution, a property of di-phenols and of nitrogen bases. 

From this point Rygh and Rygh (24), (25), set about 
the investigation of the chemical nature of the vitamin. 
They extracted orange juice with peroxide-free ether 
and obtained a concentrate, partly oil and partly 
crystalline, of high activity. The crystalline yield 
was small. By application of the same procedure to 
unripe fruit, large yields of the crystals were obtained 
(comparatively speaking) which they were able to 
identify as narcotine, the non-toxic opium alkaloid. 
It was further found that as the fruit ripened, and the 
yield of narcotine decreased, the quantity of the 
active factor increased. To determine if there were 
any direct relation between the two, the investigators 
sought to convert the crystalline narcotine to the 
vitamin. 

Their first efforts were with irradiation, since the 
ripening effect of sunlight is known, as well as the 
beneficial effects of sunlight on scurvy patients. With 
the mercury lamp they were able to get a feebly active 
irradiation product, though their biological results do 
not appear to be quite clear cut. Encouraged, they 
turned to a systematic study of narcotine derivatives 
and hydrolysis products, in the attempt to discover 
just what was the active substance. They investigated 
the following compounds: 


Cotarnine. 

Cotarnic Acid Amide. 
Meconine. 

Opianic Acid. 
Nor-Meconine. 
Anhydrocotarnine Phthalide. 
Narcotine N-Oxide. 

8. Di-Methyl-Nor-Narcotine. 
9. Methyl Nor-Narcotine. 

10. Nor-Narcotine. 


The last three of these showed vitamin activity, 
chiefly the methyl nor-narcotine. Since there are two 
methoxy groups on the meconine residue, and one on 
the cotarnine residue, the last three compounds enumer- 
ated above are progressively obtained by the splitting 
of these three ethers. This is done by heating with 
sulfuric acid, which on short heating splits first one, 
then the other, also of the meconine residue groups; 
and on longer heating, or with HI, the cotarnine group is 
removed. Since the mono- and tri-phenols will also 
contain some of the di-phenol, the activity is attributed 
to this compound. . These three phenols have already 
been prepared, and the Perkin synthesis of narcotine 
is given in a great many texts. Hence we may claim a 
complete synthesis of the vitamin, if the physiological 
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claims of the work are substantiated. The formulas 
of narcotine and nor-narcotine are given below. 
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It is interesting to note that the presence of the ortho- 
phenol groups seems to be of the utmost importance. 
Narcotine, where the ether exists, is inactive. So too is 
cotarnine phthalide, which differs from the vitamin 
formula only in lacking the two phenolic hydroxyl 
groups. However, the question of vitamin C structure 
is by no means closed. Zilva (26) hydrolyzed narcotine 
with concentrated HCl, and tested the resulting 
dimethyl nor-narcotine and methyl nor-narcotine in 
doses of various sizes. He states ‘“‘the onset and 
development of scurvy was characteristic of guinea 
pigs subsisting on a scorbutic diet only.’’ He was 
unable to find that any one of his doses in any way 
modified the course of scurvy in his experimental 
animals. 

At the same time systematic work at the University 
of Pittsburgh in the hands of Dr. C. G. King and his 
associates points to a quite different conclusion with 
regard to the chemical nature of the antiscorbutic 
factor. It has been known for a relatively long time 
that the active material is effective in reducing am- 
moniacal silver nitrate and permanganate in the cold 
(27). Smith and King (28) find that the reducing 
power is apparently similar to that of glucose, and 
that tests for phenolic properties, with ferric chloride, 
were consistently negative. Orcinol and resorcinol tests 
were positive. 

A recent short report from Pittsburgh (29) followed 
almost immediately by a report at the April meeting 
of the Federation of American Societies for Experi- 
mental Biology reaches conclusions of very great 
interest. The active material is prepared in part by 
precipitation as the lead salt, the method usually used 
hitherto at Pittsburgh. It is also prepared by re- 
crystallization from organic solvents as a crystalline 
substance which ‘‘corresponds in chemical and physical 
properties to a hexuronic acid, and is apparently identi- 
cal with the hexuronic acid described by Szent Gyérgyi, 
and reported as a reducing factor in adrenal cortex, 
cabbage, and other sources.”’ 

According to Szent Gyérgyi (30), (31), there is 
evidence that this hexuronic acid plays an important 
part in the respiration of the cabbage leaf, serv ing asa 
hydrogen carrier, and so connecting the systems in which 
molecular oxygen is utilized with those in which hydro- 
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gen is provided. It is therefore involved in the oxidation 
of foodstuffs. A relation between such a substance 
and the vitamin C factor would be of enormous interest. 

Although it would appear that the conclusions 
reached by the two laboratories are in distinct opposi- 
tion, since there could scarcely be two organic sub- 
stances with less structural relation than an ortho- 
diphenol of narcotine and a poly-hydroxy aliphatic 
acid, Dr. King suggests that the essential difference 
lies in a misinterpretation of Dr. Rygh’s results. There 
is a Striking similarity between the phenol portion of the 
methyl nor-narcotine and adrenalin, which is isolated 
from the suprarenal glands. Hexuronic acid has been 
isolated from the adrenal cortex by Szent Gyédrgyi. 
It is therefore possible that the disturbance of the 
adrenal function due to feeding Rygh’s compound was 
in turn manifested by a disturbance of the vitamin C 
function.* 

Further work on the question of the identity of the 
antiscorbutic factor with hexuronic acid is now in prog- 
ress, and a more detailed report of the work so far 
accomplished is now in press (45). The question of 
vitamin C structure is a tremendously interesting one 
at the present moment.t 


VITAMIN D 


Perhaps the most dramatic, and certainly the most 
thorough piece of work in this field of vitamin chemis- 
try has been done in connection with vitamin D. 
Heilbron, summarizing the state of affairs in 1930 (32), 
stated that the vitamin was almost certainly one 
compound. It was to be found, like vitamin A, in the 
unsaponifiable residues of natural fats. It was not 
precipitated with digitonin. It was associated with 
the cholesterol fraction in amounts of about one-fiftieth 
of one per cent. In 1926 the provitamin had been 
identified simultaneously by Rosenheim and Webster 
in England, and by Windaus in Germany, as ergosterol, 
and highly active products were prepared from that 
substance. In 1928 Windaus and Linsert showed 
that by irradiation ergosterol was isomerized, hence 
the vitamin was probably an isomer of ergosterol. 
There were many irradiation products, but only the 
products intermediate between the original substance 
and the products of complete irradiation were active. 
As to ergosterol itself, we know it to be a sterol, C27H 20, 
with three double bonds, two of them conjugated. 

Here then we have the ground work for the final 
brilliant contributions of last year. Bourdillon and 





* Private communication. 

+ The hexuronic acid of Szent Gyérgyi has received wide- 
spread attention with respect to its possible identity with vita- 
min C. A number of recent papers affirm this identity, but Zilva 
points out [Zitva, ‘“‘Hexuronic Acid as the Antiscorbutic Factor,”’ 
Nature, 129, 943 (1932)] that while the experimental results 
confirm those of Szent Gyérgyi [SzentT Gy6revI, zbid., 129, 943 
(1932); and Szenr Gy6RGYI AND SVIRBELY, “‘Hexuronic Acid 
as the Antiscorbutic Factor,” zbid., 129, 690 (1932)] they do not 
afford sufficient evidence of identity. The new substance is 
described [Hawortu, ‘‘Hexuronic Acid as the Antiscorbutic 
Factor,” ibid., 129, 576 (1932)] as probably the 6-carboxylic 
acid of a ketose, but apparently without relation to d-fructose or 
the ketose corresponding to d-galactose. 
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his co-workers in England (33) and Windaus in Ger- 
many (34) obtained almost simultaneously crystalline 
preparations of high antirachitic activity, considered 
to be the vitamin itself. 

The English investigators irradiated ergosterol by 
passing a dilute solution in dry air-free ether slowly 
through a silica tube surrounding a mercury lamp. 
The irradiated solution was evaporated at reduced 
pressure, taken up with alcohol, and either filtered 
from the unchanged ergosterol or treated with digitonin 
to effect the separation. The residues were distilled 
in a high vacuum, two main portions being received in 
the distillate. The fraction distilling from 125-140° 
was active but non-crystalline. The lower boiling 
fraction was crystallized from ether, first under nitro- 
gen and then under high vacuum. Careful precau- 
tions against oxidation were necessary. 

These crystals, possessing an activity of 20,000 
International Units, or 3 X 10-° g. per day, were 
put out by the National Medical Research Council 
under the name “‘calciferol.”” No claim was made 
that it was a single substance, since the sterols notably 
form series of mixed crystals. Nor was any attempt 
made to show whether it was a heat product, formed 
during the distillation, or an irradiation product which 
distilled without change. The evidence seemed to 
indicate that however formed, it was very closely 
similar to the vitamin, if not identical with it. 

Windaus (85) obtained his product by the use of 
Diehl’s reagent, citraconic or maleic anhydride, which 
forms addition products with the conjugated double 
bonds of ergosterol, but reacts much less readily with 
the irradiation product. The crystalline material 
separated in this manner Windaus called vitamin D, 
(36). This product showed the same activity, melting 
point, and absorption in the ultra-violet region as 
calciferol, but the optical rotation was less high. 

A third and even more active preparation was 
isolated in the Ethelfelder Laboratories by Linsert, 
using the Windaus method, but irradiating with un- 
filtered light (37), (38). The crystalline product was 
about twice as active as calciferol or vitamin Dy, 
had a lower melting point, and a more intense absorp- 
tion band at 265 mu than D;. This product Windaus 
called vitamin De. 

Shortly after this the English group were able to 
separate calciferol chemically, by esterification of the 
distilled product with dinitrobenzoyl chloride and 
subsequent hydrolysis, into an active and an inactive 
fraction (38). The esters were separated by fractional 
crystallization, and the fractions hydrolyzed. Later 
they found they could effect the same separation by 
esterification of the irradiation mixture, thus omitting 
the high-vacuum distillation and eliminating the ques- 
tion of heat product formation. The new calciferol 
thus obtained was identified by Windaus as vitamin 
De. The constants for these products are given in 
tabular form for comparison. It is noteworthy that 
the superposition of the rotation and absorption values 
for the new calciferol and the inactive product sepa- 
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rated from it by the benzoylation give the values ob- 
tained for the earlier, undivided material. 


COMPARATIVE TABLE OF DATA FOR VITAMIN D PREPARATIONS 


Early Vitamin D Vitamin Dz Later 
Calciferol of Windaus of Linsert Calciferol 

Composition All appear to be isomeric with ergosterol 
M. p. 123-125° 125° 114-116° 114.5-117° 
Rotation in 

acetone 258° 171° 85° 81° 
Activity 

(Int. units) 20,000 20,000 40,000-50,000 40,000 
Method of High-vac. Diehl’s re- Diehl’s re- Esterification 

prepara- distillation agent. Fil- agent. Unfil- with dinitro- 

tion tered light ir- tered light ir- benzoyl chlo- 

radiation radiation ride 


A fifth preparation has been announced, and is now 
advertised by Meade and Johnson. Bills and Mac- 
donald reported at the January, 1932, meeting of the 
American Association for the Advancement of Science 
in New Orleans that they had prepared the vitamin in 
vitro. The brief report that is available (39) states 
that ergosterol was combined with methyl alcohol, 
ether, ethyl acetate, and nitrogen monoxide. The 
activity is reported as four times greater than that of 
D,.* 

All four of these products are readily subject to 
oxidation. All show marked toxicity in large doses. 
(40). Mixed melting points of D, and D, are strongly 
depressed, thus indicating that they are two individuals. 
and not modifications of the same substance. On 
hydrogenation the vitamin preparations lose their 
activity. The esters of the active substance are in- 
active, but on hydrolysis the activity is regained 
(41), (42), (43). The dinitrobenzoic ester formed by 
the discoverers of calciferol is inactive and, on hy- 
drolysis, yields the vitamin, which is in agreement 
with the work of Windaus above referred to. 

Completely irradiated ergosterol is inactive. There 
are two crystalline products of complete irradiation, 
and probably several other non-crystalline products, 
all of which are without vestige of activity. The 
vitamins D, and Dz are formed at about 40% irradia- 
tion. Further irradiation of the purified vitamin 
destroys its activity. Hence it is apparent that the 
vitamin is an intermediate in the photochemical series. 
Moreover, since there is no equilibrium, apparently, 
in the process, and there are at least two vitamins, 





* Since this communication was submitted, the report of Bills. 
and Macdonald has appeared [J. Biol. Chem., 94, 189 (1932)]. 
These investigators with their co-workers had reported pre- 
viously that they found the German and English products to 
possess less antirachitic potency than certain non-crystalline 
products of their own [Bitts, C. E., Macpona.p, F. G., Br- 
MILueR, LAM. N., Sreap, G. E., AND NuSSMEIER, M., J. Biol. 
Chem., 93, 775 (1931)]. In their new communication they report 
that they have prepared the active substance in crystalline form 
and that this new preparation shows a potency of 75,000 Inter- 
national Units. Recalling the fact that impure sterols have a 
striking tendency to remain vitreous for a time, even when cooled 
below their melting point, they examined several resins which had 
been put aside and protected from decomposition (stored at 0° 
in an atmosphere of CO,). After standing several weeks their 
preparations showed crystal formations here and there and, after 
much longer periods, were masses of crystals. 

The preparations used were made in commercial batches by ir- 
radiating ergosterol in ether solution with a carbon arc, and re-- 
covering the ergosterol with methyl alcohol. 
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there must be at least two photochemical series in- 
volved in the irradiation of ergosterol (44). 

Windaus says, “I believe that the molecular formula, 
the alcohol group, and the three double bonds remain 
unchanged, and that all that occurs in the irradiation 
is a steric or spatial rearrangement whereby the spatial 
size of the molecule is increased.’’ He believes the 
question to be settled, and the investigation of vitamin 
D to be practically complete.* 


VITAMIN E 


This vitamin, the so-called anti-sterility vitamin, 
has not yet been prepared in concentrations sufficient 
for annie and significant chemical investigations. 


SUMMARY 


The structures of lycopene and carotene, and their 
effectiveness in promoting growth in animals deprived of 
vitamin A, have been established. Their relation to 
the vitamin is being rapidly clarified. 

Vitamin B,, the anti-neuritic vitamin, has been pre- 
pared in the pure crystalline form as the hydrochloride. 
An analysis of the picrolonate shows the presence of 
both nitrogen and sulfur. 

Vitamin C has been identified as the ortho-di-phenol 
of narcotine, which may be prepared by synthesis. 

Five preparations of vitamin D have been reported. 
One of these, calciferol, is the active portion of the 
calciferol first reported, and is identical with the D, 
reported. D, differs slightly from D: in melting point 
and optical activity, and has a somewhat lower activity. 
The data on the latest and most active preparation, 
that of Meade and Johnson, are not yet available. 

Vitamin E has not yet been analyzed. 


* A paper by JENDRASSIK AND KEMENY, ‘‘Zur Kenntnis des D- 
Vitasterins III,” Biochem. Z., 216, 238 (1929) claims the prepara- 
tion of an active substance without the absorption bands in the 
ultra-violet shown by the products discussed in this article. 
The authors claim to show that the vitamin cannot be identical 
with the irradiation products which do show this absorption 
band. Windaus, in referring to this work, merely states that 
“‘my vitamin shows an absorption band at 265 mu.” 
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LIAISON in ORGANIC- 
INORGANIC CHEMISTRY 


GEORGE W. BENNETT 


Grove City College, Grove City, Pennsylvania 


This paper is a contribution to the effort to bridge the 
gap between inorganic and organic chemistry. A num- 
ber of laws and principles applicable with equal force 
to both branches of chemistry are cited. The idea is then 
presented that in organic chemistry some of the laws learned 
in general chemistry manifest themselves in a greatly 
exaggerated manner assuming either gigantic or dwarfish 
dimensions. Examples are offered to illustrate this fact, 
and the conclusion is drawn that such information may 
be used to bridge the gap between inorganic and organic 


chemistry. 
“a 

lipeas and organic chemistry is one of perennial 

- interest because the literature and the pedagogy 
of chemistry have not yet discovered a happy means 
to this end. Neophytes in organic chemistry each 
autumn, however, are face to face with the problem 
of passing from two years of inorganic chemistry over 
into the subject of carbon chemistry and, more often 
than not, the passage requires a tremendous act of 
faith. Many instructors, doubtless, are easing the 
way for their charges as is evidenced by a considerable 
reference to such efforts in the journal literature (1), 
(2), (3), (4), (5), (6), (7). 

Granted that instructors are bridging the gap into 
organic chemistry, the same cannot be said with much 
enthusiasm for modern textbooks in the subject, ex- 
cellent as they are. The usual textbook explains by 
way of introduction the origin of the term “organic 
chemistry” and the vital force conception. Then fol- 
lows an account of Wohler’s classical experiment on 
urea, and the conclusion is triumphantly made that 
with this experiment the barrier between inorganic 
chemistry and organic chemistry was razed, and that 
henceforth it was evident that the same laws of inor- 
ganic chemistry also govern the behavior of organic 
phenomena. To the student, however, it is not always 
so apparent how the laws he learned in inorganic chem- 
istry apply to the carbon compounds. He is apt to 
feel that his previous study of chemistry is of little use 
in the organic field with the result that his approach 
to success in the subject is stymied by a mental hazard. 

The present paper attempts to offer another slant 
on the transition from inorganic to organic chem- 
istry. It is not presumed that the author has new 
information for the advanced student, but it is hoped 
that the present discussion may serve as reference 
material for the undergraduate student. 


i ai ee oe oe 


HE problem of bridging the gap between inor- 
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CONCORDANCE IN ORGANIC-INORGANIC CHEMISTRY 


The instructor may lay the basis for some confidence 
in the dictum that inorganic and organic behaviors 
obey the same laws if he will point out that many of 
the laws and principles learned in inorganic chem- 
istry apply with approximately the same exactitude 
in regard to organic chemistry. Thus, for example, 
the conservation of organic matter is as true as the 
conservation of inorganic matter, and the law of the 
conservation of energy holds when carbon compounds 
burn or undergo other transformations just as ac- 
curately as it does in inorganic synthesis or decompo- 
sition. The law of definite composition of pure chemi- 
cal compounds likewise holds equally well for or- 
ganic and inorganic compounds. So also does the 
mass action principle, the kinetic theory, and the gas 
laws of Boyle, Charles, Gay-Lussac, Avogadro, and 
Graham. Colloidal behavior, particularly of the liquid- 
in-solid and liquid-in-liquid disperse systems, obeys 
the same generalizations whether the systems are or- 
ganic or inorganic in whole or in part. Modern theories 
of valence, atomic linking, and crystal structure are 
also intended to hold for all classes of compounds. 
And again, the Phase Rule does not differentiate be- 
tween the two arbitrary divisions of chemistry; and 
the same thing may be said for Faraday’s laws of elec- 
tricity, the elevation of the boiling point and the de- 
pression of the freezing point of solvents by solutes, 
and other physico-chemical generalizations that may 
not be included in the beginning chemistry course. 
It is apparent, then, that many of the generalizations 
learned in beginning chemistry may be carried over 
bodily, and with confidence, as the groundwork for 
organic chemistry. 


ORGANIC CHEMISTRY PRESENTS EXTREME CASES 


The items just mentioned present no particular 
difficulty as creating a gap between organic and in- 
organic chemistry. Indeed, they should be viewed 
as tending to close that gap which is, as we have said, 
only a mental hazard. But there are other difficulties 
which serve to set off organic chemistry rather sharply 
from general chemistry, as for instance reactions and 
isomerism. 

Concerning these other laws and principles which 
tend to present difficulties it should be observed that 
in organic chemistry the laws of general chemistry may 
manifest themselves in either gigantic or dwarfish forms. 
Thus, for example, the tendency of like kinds of atoms 
to link together to form chains is only weakly de- 
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veloped in inorganic compounds, but it is developed 
to an enormous extent in organic compounds. And 
again, on the other hand, instantaneous ionic reactions 
which are common in inorganic chemistry are com- 
paratively rare, although they do occur to a minor 
extent, in organic chemistry. Williams (6) has ex- 
pressed this idea somewhat differently by pointing out 
that organic chemistry is replete with many cases of 
extreme behavior, such as complexity of molecular 
structure and unreactivity of compounds. Some of 
these extreme cases are well worth examining. 


SOME ANALOGOUS ORGANIC AND INORGANIC PHENOMENA 


GAY-LUSSAC’S LAW OF COMBINING VOLUMES. This 
law will serve to illustrate how the laws of general 
chemistry assume large dimensions in organic chem- 
istry. The law may be stated, Whenever gases com- 
bine, the volumes of the reactants and of the products 
bear the relation of small whole numbers to each other. 
But in the combustion of nonane, for example, we have 


CoH2o + 140. —> 9CO, + 10H2O 


and it follows that for organic reactions the ratio of 
volumes may need to be expressed by Jarge whole 
numbers. 

DALTON’S LAW OF MULTIPLE PROPORTIONS. This 
law, even more than the preceding one, emphasizes 
the enlarged aspects in organic chemistry of the sim- 
ple law appropriate to general chemistry. The law 
states, Whenever two elements combine to form more 
than one compound the weights of one, which combine 
with a fixed weight of the other, bear the relation of small 
whole numbers to each other. In an homologous series 
of organic compounds, however, as the paraffins, the 
numbers are certainly not small numbers, or else they 
are not whole numbers. Thus for the first ten mem- 
bers of this series the ratio of the weights of carbon 
per 1.008 grams of hydrogen are (with rounding off 
in two instances): 60, 80, 90, 96, 100, 103, 105, 107, 
108, and 109. If one calculates the weights of hydro- 
gen per 12 grams of carbon the ratios of the weights 
are very large, but they may be rounded into: 403, 
302, 269, 252, 242, 235, 229, 227, 224, and 222. Here 
again the wording of the law as used in general chem- 
istry may obscure its applications to organic chemis- 
try. Even the great Berzelius (8) for a while was not 
sure whether or not this law held in organic chemistry. 
And Dumas, we are told (16) insisted that the same 
laws do not govern both organic and inorganic chem- 
istry. 

CHAINING. The capacity for forming long chains of 
atoms that carbon possesses is very characteristic of 
organic compounds, but it is not a phenomenon unique 
with carbon. Other elements such as oxygen, nitro- 
gen, sulfur, silicon, germanium, and tin are able to 
link together, but the tendency is so slightly mani- 
fested as to be largely ignored in the inorganic courses. 
Holleman (9) explains this failure to form‘ chains in 
the case of silicon as due to the fact that linkage of 
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silicon to silicon is endothermic whereas the carbon- 


to-carbon linkage is exothermic. Silicon does, how- 
ever, form a chain of six atoms in silicohexane [(10), 
p. 963]. Sulfur forms chains containing up to six 
atoms of sulfur in the polythionic acids [(10), p. 549], 
and the polysulfides may have as many as nine atoms 
of sulfur in the molecule [(10), p. 489], although there 
is no agreement as to the atomic linkages in the mole- 
cule. Nitrogen forms chains of two nitrogen atoms 
in some nitrides and in hydrazine; in hydrazoic (or 
hydronitric) acid three nitrogen atoms are bound to- 
gether; four nitrogen atoms are linked together in 
ammonium azide, and five nitrogen atoms form the 
chain in hydrazine azide [(10), p. 673], while com- 
pounds containing eight nitrogen atoms in one chain 
are also known (15). Kraus, in a thought-provoking 
article (2), describes a compound in which five atoms 
of tin form a chain. These illustrations will serve, 
then, to show once again how a general principle of 
inorganic chemistry has grown to gigantic dimensions 
in the organic field. 

ISOMERISM. The enormous extent of organic chem- 
istry is due in no small part to the phenomenon of 
isomerism. Isomerism in turn has its roots in the 
capacity of carbon atoms to form chains. Isomerism 
is rarely even so much as mentioned in courses in in- 
organic chemistry, yet one can find in inorganic chem- 
istry examples of practically every type of isomerism 
that carbon compounds exhibit and even a few other 
types unknown to organic chemistry. Bailar (11) 
has discussed isomerism among inorganic compounds 
in an excellent article which we wish to supplement 
by additional examples, since that paper was intended 
for inorganic students while the present paper is in- 
tended for students of organic chemistry. 

Metamers, such as dimethyl ether and ethyl alco- 
hol, find their counterparts in inorganic chemistry, 
as Bailar points out, in a number of examples such as 
ammonium nitrate and hydroxylamine nitrite. Po- 
sition isomerism is illustrated by the two forms of 
dichlorodiammine platinum. These latter compounds 
might also be viewed as cis-trans isomers. The two 
forms of the complex salt of cobalt and glycine [(12), 
p. 43] are, however, position isgmers. 





Nuclear isomerism, that is, isomerism due to branch- 
ing of chains of like atoms, while abundant in organic 
chemistry fails of representation, so far as the author 
is aware, among the inorganic compounds due to their 
slight tendency to form chains. 
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Isomerism of the multiple bond, such as that be- 
tween the alkines and the diolefines, likewise is not 
found among the inorganic compounds for the reason 
given above, although the existence of unsaturated 
silicon compounds has been reported. 

Linkage isomerism, corresponding to that in nitro- 
ethane and ethyl nitrite, are suggested by Bailar, al- 
though in each case one isomer of his pairs is hypo- 
thetical. Analogous nitro and nitrite compounds, 
however, do occur among the complex cobalt salts. 
Thus there are the brownish yellow [Co(NHs3);— 
NO,]|Cl. (nitropentamminecobalti chloride) and the red 
[Co(NH;);—O—N=O]Cl, (nitritopentamminecobalti 
chloride) [(13), p. 40] as well as [Co(NH3);SCN ]Ck 
(thiocyanatopentamminecobalti chloride) and ([Co- 
(NH3;);sNCS]Ch (isothiocyanatopentamminecobalti 
chloride). If Arbeiter’s formulas for pyrite and 
marcasite (see under cyclic compounds) are correct, 
then they too may be considered as examples of linkage 
isomerism. 

Clear-cut examples of the various manifestations of 
tautomerism in inorganic chemistry are not easy to 
find. Indeed, there is considerable confusion in the 
definition of terms in this subject, but using the con- 
cepts set forth in Henrich’s “Theories of Organic 
Chemistry” (14) we may list hydrogen trisulfide as 
assumed to be allelotropic [(10), p. 499]; sodium 
potassium sulfite, sodium bisulfite, and potassium cya- 
nide are pseudomeric; and hydrocyanic acid, nitrous 
acid, and phosphorous acid are either pseudomeric 
or allelotropic. Ammonium cyanate-urea and am- 
monium thiocyanate-thiourea, especially the latter pair, 
are desmotropic, although in neither case do we have 
strictly inorganic pairs of compounds. 

When we come to polymerism we are on much more 
definite experimental ground than in the previous ex- 
amples. Thus there are dimers, trimers, tetramers, 
and pentamers of the simple formula [Co(NHs3)3(NOz)s] 
[(12), p. 46]. Such for instance (to give examples 
of the dimers only), are the compounds [Co(NHs3)s 
(NOz2)2][Co(NH3)2(NO2)4] — (dinitrotetramminecobalti 
tetranitrodiamminecobaltiate) and [Co(NHs3).][Co- 
(NOs2)¢] (hexamminecobalti hexanitrocobaltiate). 

Spacial or physical isomerism is well established in 
inorganic chemistry. The several examples of cis- 
trans and optical isomerism mentioned by Bailar can 
be expanded almost at will. Thus, for instance, there 
are an even dozen isomers, including the racemates, 
of the compound [Co(NHs)e(en)(pn)]Cls where ‘‘en” 
means ethylene diamine and ‘“‘pn’’ means propylene 
diamine. All of these compounds and racemates have 
been fully characterized [(12), p. 56]. There are also 
15 more geometric and crystallographic isomers, de- 
pending on the proximity or remoteness to the plane 
of the methyl group in propylene diamine in the case 
of the cis compounds, or a total of 27 isomeric forms 
of this one formula. It might also be mentioned that 


one of the optically active complex cobalt compounds, 
tetraethylenediamine - 4 - peroxo- mono - iminodicobaltic 


nitrate 
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has the highest molecular rotatory power of any known 
active compound, 68,550. (Something similar might 
be said for its name!) : 

Bailar mentions the polymorphic modifications of 
many inorganic compounds. These may be matched 
in part by organic compounds such as the crystallo- 
graphic variations of cinnamic acid. 

We have indicated that in inorganic chemistry one 
may find types of isomerism unknown, or at least only 
slightly represented in organic chemistry. Of these, 
the electromers form an interesting theoretical type, 
but experimentally there is little evidence that they 
exist. Ionization isomers do, however, exist in both 
fields, but only rarely in organic chemistry. Thus, 
for example, bromine is an ion-former in [Co(NHs)5- 
SO,]Br, (sulfatopentamminecobalti bromide), but not 
in [Co(NHs3)sBr]SO, (bromopentamminecobalti sul- 
fate). In the organic field the same is true for p- 
chloroaniline hydrobromide and p-bromoaniline hydro- 
chloride, respectively. 

Hydration isomers, such as the hydrated chromic 
chlorides, find no corresponding examples among the 
carbon compounds because these do not form coérdi- 
nation compounds. For the same reason organic 
chemistry can have no coérdination isomers such as 
[Co(NHs)s6][Cr(CN)s] (hexamminecobalti hexacyano- 
chromiate) and [Cr(NH3)s][Co(CN).s] (hexammine- 
chromi hexacyanocobaltiate). 

In this discussion of isomerism no effort has been 
made to be exhaustive, and the capable instructor or 
enterprising student can multiply these examples at 
will by reference to any good text on complex com- 
pounds. It has been the intention, however, to sup- 
port the contention that inorganic isomerism is as 
extensive and as interesting as organic isomerism 
and that, in turn, both types are manifestations of one 
underlying phenomenon of chemistry. 

MOLECULAR REARRANGEMENTS. Proof of the struc- 
tures of compounds, particularly of isomers, must be 
based on the assumption that atoms occupy definite 
positions within the molecule. There are, neverthe- 
less, many examples in organic chemistry of the la- 
bility, the mobility, or wandering of atoms within the 
molecule. Tautomerism represents one type of molecu- 
lar rearrangement. Molecular rearrangements have 
been observed in a number of cases among the inor- 
ganic compounds [(13), p. 77]. Thus when the trans 
form of [Co(H2O)s(en)s|Cls; is allowed to stand for 
some time as the dry salt it gradually passes over 
almost entirely into the cis form of [CoCl,(en):]Cl. 
This means that at least one of the nitrogen atoms in 
one of the ethylene diamine groups has changed its 
position in the molecule in order that two chlorine 
atoms should be side by side as they are in the cis 
compound. And again if the cis form of [Co(H2O)s- 
(en)2]Cl; is heated with concentrated hydrochloric acid 
the trans form of [CoCl,(en)2]Cl is formed exclusively. 
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These examples can be extended by additional cases. 
SINGLE AND MULTIPLE VALENCE LINKING. Carbon 
atoms may link (according to the conventional Kekulé 
representation) by single, double, or triple bonds. 
Whatever convention of valence is used in discussing 
carbon compounds, counterparts of multiple linking 
may be found among inorganic compounds also. Hy- 
drogen is singly bound to nitrogen in ammonia; oxygen 
is doubly linked to nitrogen in nitric oxide; and alumi- 
num must be triply linked to nitrogen in AIN. Link- 
age by single or multiple bonds is a phenomenon of 
minor importance which is not particularly over- or 
under-developed in either branch of chemistry. 
CYCLIC COMPOUNDS. Closed chains of atoms or 
cyclic compounds abound in organic chemistry. These 
cycles or rings may be made up of like or unlike atoms. 
They have their inorganic counterparts, perhaps not 
very numerous, but they exist. Ozone probably is 
a ring of three atoms of oxygen; nitrogen may perhaps 
form a cycle of three atoms of nitrogen in hydrazoic 
acid; nitrous oxide is a three-membered heterocyclic 
ting; sulfur heptoxide is probably a heterocyclic five- 
membered ring; while trisulfimide and, according to 
Arbeiter [(10), p. 495, p. 667], certain sulfide minerals 
probably have the following atomic arrangements: 


NH—SO, Fe— 
SO, NH s< S Fe Fe 
‘NH—SO; Fe— S— 


TRISULFIMIDE PYRITE MARCASITE 
S—As As 
F aq Fe Fe Co 
S—As S—As 
MISPICKEL GLAUCODITE 


These examples will, perhaps, suffice to indicate that 
cyclic formation is also a general phenomenon of chem- 
istry. 

POLAR AND NON-POLAR COMPOUNDS. The reactions 
of the ionogens receive extended treatment in all in- 
organic courses, but little is said of non-ionic reac- 
tions. There are, however, many non-polar inorganic 
compounds such as the acid chlorides and the acid 
anhydrides as well as other compounds. And con- 
versely there are in organic chemistry many polar 
compounds as well as the non-polar. It is therefore 
incorrect to refer to inorganic chemistry as polar chem- 
istry and organic as non-polar chemistry. This mat- 
ter is discussed at length by Kharasch and Reinmuth 
(1) and briefly by Williams (6). 

IONIZATION. Most inorganic compounds ionize to 
a greater or less degree, but this is not a unique char- 
acteristic of inorganic compounds, for many organic 
compounds also ionize. Thus, for example, trichloro- 
acetic acid is more highly ionized than most of the 
weak inorganic acids. And again the quaternary 
alkyl ammonium bases are as highly ionized as sodium 
or potassium hydroxide. Ionic reactions may well 
serve to illustrate a principle of inorganic chemistry 
that has dwindled to dwarfish dimensions in the or- 
ganic field. 
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INSTABILITY OF POLY-HYDROXYL COMPOUNDS. A 
generalization is made in organic chemistry that com- 
pounds having more than one hydroxyl group at- 
tached to a single carbon atom are spontaneously un- 
stable. Exceptions to this generalization are found 
in the cases of carbonic acid, chloral hydrate, and gly- 
collic aldehyde. The same generalization applies with 
somewhat less rigor to polyhydroxyl inorganic com- 
pounds. Thus blue cupric hydroxide passes over into 
black cupric oxide at the temperature of boiling water; 
the trivalent metal hydroxides are generally considered 
to be simply hydrated oxides, that is, partially dehy- 
drated hydroxides; silica is determined quantitatively 
by the dehydration of silicic acid and, in general, hy- 
droxyl compounds more or less readily lose water to 
form oxides. 

INORGANIC REAGENTS IN ORGANIC REACTIONS. As a 
final item we may point out that the great bulk of or- 
ganic reactions involves inorganic substances either 
as reagents, catalysts, or by-products. And this fact 
serves admirably to illustrate and emphasize the inter- 
connection and interdependence of all chemistry, 
whether organic or inorganic. 


CONCLUSION 


Nearly all the organic textbooks, in an early chap- 
ter, give as one of the reasons for a separate course 
in the chemistry of the carbon compounds the argu- 
ment that carbon chemistry is very different from 
other chemistry. There follows then, usually, an 
enumeration of the outstanding differences, and the 
student often gets the idea that these variations are 
absolute rather than relative. Some of the textbooks 
mention that these differences are only of degree and 
not of kind, but few emphasize this fact. It would 
seem to be a more rational approach, and perhaps 
better pedagogy, if textbooks and instructors in or- 
ganic chemistry were to emphasize that in carbon 
chemistry we study some exaggerated phases of chemi- 
cal phenomena, rather than to emphasize the dif- 
ferences in organic and inorganic chemistry. Adop- 
tion of this point of view might give the idea of transi- 
tion from inorganic to organic chemistry rather than 
an abrupt jump over a wide gap. 

It may perhaps be objected that the examples used 
to illustrate the various arguments are taken from 
obscure and uncommon chapters of inorganic chem- 
istry. Alert instructors, doubtless, can improve on 
the illustrations selected. At best, however, many 
of the examples will have to come from paragraphs 
little studied by the average inorganic student. Are 
we, then, to suggest that sufficient of this, at present, 
obscure inorganic chemistry should be included in 
the general course so that the organic instructor might 
refer to it when developing his course in the carbon 
chemistry? It is devoutly to be wished! Heavily 
burdened instructors in general chemistry may groan 
a protest at this suggestion, pointing out, as they 
groan, that the course is voluminous enough as it 
stands. Long-suffering ‘‘organischers’’ will be sympa- 
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thetic with their inorganic brethren, but if these will not 
assume the burden of laying the groundwork, then the 
organic instructor will have to add to his load of car- 
bon chemistry, instruction in advanced phases of in- 
organic chemistry. For it is erroneous to teach a set 
of phenomena as being unique with the carbon com- 
pounds. 
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COSMIC RAYS—EXPERIMENT 


and CONJECTURE 


ALEXANDER W. STERN 
36 Crooke Ave., Brooklyn, New York 


The addition of experimental knowledge concerning 
ultra-penetrating radiation has tended to raise rather 
than to settle problems concerning its nature and origin, 
until it has now become one of the most perplexing, albeit 
interesting, subjects of modern physics. It 1s suggested 
that a complete solution of the nature and origin of cosmic 
rays may have to wait for an adequate theory of the inter- 
action of radiation and matter based on a relativistic 
quantum mechanics. 


++ + + + + 


LTHOUGH we know now a great deal more 
A about this penetrating radiation, nevertheless the 

nature and origin of the cosmic rays remain as 
much an open question as thirty years ago when Elster 
and Wilson first detected them. These investigators 
found that their electroscopes would discharge, no 
matter how much precaution was taken to prevent 
any leakage of the electric charge from their instru- 
ment. Essentially, an electroscope consists of a glass 
jar in which is suspended a pair of very thin gold leaves 
or strips. The gold leaves are supported by a metal 
rod which passes through the top of the jar, so that an 
electric charge may be imparted to the gold leaves, 
“charging’”’ the electroscope. The two leaves then 
having the same kind of charge, will repel each other 
and spread apart. Once charged, the leaves will remain 
in this divergent position, unless there is something 
inside the electroscope to carry the charge away, 
causing the leaves to come together and discharging the 
instrument. 


Elster and Wilson found that the leakage of the 
charge from their electroscopes could be reduced by 
shielding their instruments with a metal box a few 
inches thick, demonstrating that it was some kind of 
penetrating radiation coming from the outside that 
was responsible for the discharge of their instrument, 
and not a fault of the insulating material. This radia- 
tion could penetrate a metal box a few inches thick, 
get through to the instrument, and ionize or electrify 
the surrounding air, which would then conduct the 
charge away from the electroscope. The problem 
immediately arose: ‘‘What was the nature of this radia- 
tion?’ At that time radioactivity (which is the 
spontaneous emission of rays of enormous energy by 
certain substances) was the most discussed phenomenon 
in the scientific world, and the common opinion was 
that the radioactive material in the earth was respon- 
sible for the penetrating radiation observed by Elster 
and Wilson. There was nothing to disprove this view 
until 1910, when Gockel, a Swiss scientist, set out to 
test this hypothesis by going up in a balloon to a height 
of a little less than three miles. If the radioactive 
material in the earth were solely responsible for the 
penetrating radiation, then at a height of three miles 
this radiation should be entirely absorbed. Gockel 
found that, although the rate of discharge of his electro- 
scope decreased for a time as he ascended, it neverthe- 
less began to increase as soon as the balloon was above 
the influence of the radioactive materials of the earth. 
This, I believe, is the first direct evidence of penetrating 
radiation coming from above. From 1910 to 1914 Hess 
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in Austria and Kolhoérster in Germany checked and 
extended these important observations of Gockel. 
Hess had taken balloon readings to 5200 meters, while 
Kolhérster’s observations reached a height of 9000 
meters. The careful measurements of these investiga- 
tions put Gockel’s results on a quantitative basis. In 
fact, Hess and KolhGrster were the first to measure 
the cosmic radiation. The war put a stop to further 
work, and nothing was done until 1922, when Millikan 
and Bowen built recording electroscopes and sent them 
up in sounding balloons to a height of nearly ten miles. 
They, too, had found an increasing rate of discharge 
of their electroscopes with increasing height above 
the earth, but their rate of discharge was only one- 
quarter of the rate derived from the data of Hess and 
Kolhérster. 

Quantitative, and not qualitative, discrepancies 
worry scientists. Immediately doubts arose about the 
cosmic origin of the penetrating radiation, and a number 
of other possibilities were suggested. The two which 
attracted the most attention were C. T. R. Wilson’s 
suggestion that the ionization or electrical conductivity 
of the air caused by thunderstorms was responsible for 
the observed effects, and the other, the presence of 
radioactive material in the upper atmosphere. In 
order to test or eliminate these possibilities, direct 
measurements were made of the penetrating power of 
the rays with substances other than the atmosphere 
(such as water or lead) free from radioactive con- 
tamination. I shall pass over the early experiments 
along these lines, as they did not materially advance 
the subject, and come to the work of Millikan and 
Cameron. 

A new era in cosmic ray research began with the ad- 
mirable work of Millikan and Cameron during the 
years 1925 to 1931. With new, air-tight electroscopes, 
which they sank at the bottom of the deep, high, snow- 
fed mountain lakes in California, which are practically 
free from radioactive contamination, they obtained 
reliable data concerning the penetrating power and the 
variation in intensity of the radiation with geographical 
location. An extensive series of measurements made 
in two lakes three hundred miles apart revealed that 
the cosmic rays were exactly alike in the two different 
localities. It was found that the main component 
constituting about 90% of the radiation has a pene- 
trating power of about sixty feet of water, which upon 
calculation gives an equivalent energy of approxi- 
mately 25,000,000 volts.* Their measurements also 
gave evidence of the existence of two weaker com- 
ponents of the cosmic radiation with energies of the 
order of 100,000,000 and 200,000,000 volts, respectively. 
For the purpose of extending and checking their 

* The energy of a cosmic ray beam is derived from its absorp- 
tion coefficient or penetrating power by a mathematical formula 
which gives the relation between the penetrating power of a 
beam and its frequency. The frequency multiplied by Planck’s 
constant ‘‘h’’ gives the energy in ergs, which, when multiplied by 
6.28 X 1011, is converted to energy expressed in electron-volts. 
A 25 million-volt photon is one having an energy equivalent to 


that acquired by an electron which has fallen through a drop of 
potential of 25 million volts. 
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California work, Millikan and Cameron, in the fall of 
1926, went to South America. They chose two lakes 
in the Bolivian Andes, Lake Miguilla (altitude 15,000 
ft.) and Lake Titicaca (altitude 12,500 ft.), in which 
to carry out another group of experiments similar to 
those they made in California. Their South American 
results revealed that the cosmic rays enter the earth 
with equal intensity in the southern and northern 
hemispheres, thus showing that the earth’s magnetic 
field has no effect on the radiation. Because electrons 
are affected by a magnetic field, and should therefore 
give less intense rays near the equator than near the 
pole to which they will be attracted, this finding con- 
stitutes one of the strongest arguments for the hy- 
pothesis that the cosmic rays consist of high-frequency 
radiation rather than high-speed electrons. Also, the 
suggestion of C. T. R. Wilson that the cosmic radia- 
tion is the result of the collisions of high-speed elec- 
trons, which have acquired enormous energies in 
thunderstorms, with our atmosphere does not receive 
support from these South American experiments of 
Millikan and Cameron, since the lakes where the 
measurements were made are free from thunderstorms, 
being situated in valleys which are screened from 
such effects by the surrounding mountains. Tests were 
also made for any directional effects in the radiation 
with the result that no such effects were found, the 
intensity of the radiation remaining the same whether 
the Milky Way, the sun, or any other portion of the 
sky was overhead or not. To get conclusive evidence 
that the radiation is not affected by a magnetic field, 
Millikan went to Churchill, Manitoba, the nearest 
settlement on earth to the north magnetic pole, and 
established the fact that the cosmic rays are not in- 
fluenced by the earth’s magnetic field. The measure- 
ments of the intensity of the radiation at Churchill 
agreed with the measurements made in California and 
South America. Finally, in 1931, as a result of careful 
measurements with their new and extremely sensitive 
electroscope, Millikan and Cameron verified the 
existence of a’ weak component constituting a very 
small percentage of the radiation, but with an energy of 
the order of 1000 million volts! Millikan estimates this 
component to comprise about !/59) of the whole beam, 
but very recent work points to the fact that Millikan 
underestimated the strength of this most penetrating 
part of the radiation. 

To summarize, what are the direct conclusions from 
Millikan’s experiments? First, that there is an ex- 
tremely penetrating radiation coming from above which 
is not affected by any heavenly body, the intensity of 
the radiation remaining the same whether coming 
from the direction of the Milky Way, the sun, or any 
other celestial body. This is a remarkable property, 
because one readily sees that, since all directions in the 
heavens are equally effective, the radiation must come 
from beyond our galactic system. The second is 
that the cosmic rays are not in any way influenced 
by the earth’s magnetic field, and the third, that the 
radiation is independent of geographical location, a 
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fact difficult to reconcile with the hypothesis which 
makes the earth’s atmosphere the origin of the radia- 
tion. The observed penetrating power of the radiation 
is given by Millikan and Cameron as ranging from 60 
feet to 600 feet of water with equivalent energies of 
approximately 25 million to 250 million volts, but 
recently these investigators have verified the existence 
of a cosmic ray, first discovered by Regener, with a 
penetrating power of about 2400 feet of water, repre- 
senting an energy of the order of 1000 million volts! 
Radiation resulting from the complete annihilation of a 
hydrogen atom would have this same energy. 

Taking these experimental facts into account, let us 
consider what is the basis for Millikan’s assertion that 
the “observed cosmic rays are the birth cries of the 
common elements out of positive and negative elec- 
trons.”” The evidence for atom-building going on in 
interstellar space rests chiefly on the agreement between 
the observed values of the penetrating power of the 
cosmic radiation and the theoretical values computed on 
the assumption that the radiation is produced by the act 
of creation of the common elements out of their elemen- 
tary constituents. By using the Dirac formula Millikan 
found that the agreement between the observed values 
and the theoretical values corresponding to the creation 
of helium, oxygen, and silicon out of hydrogen was so 
good as to leave no doubt in his mind that the observed 
cosmic rays are in fact the birth-cries of the infant 
atoms of helium, oxygen, and silicon. But in 1928 a 
more accurate formula based on the relativistic wave 
mechanics was introduced by Klein and Nishina. The 
calculated absorption coefficients, or the penetrating 
powers, from the Klein-Nishina equation differ mate- 
rially from those given by the Dirac equation. With 
the new equation the computed coefficients agree 
very well with the observed coefficients in the hydrogen 
to helium transformation, but with the heavier ele- 
ments (oxygen, silicon, and iron) the agreement is at 
best only qualitative. And in 1932 Anderson, working 
in Millikan’s laboratory, obtained proof showing that 
it is the nucleus, the core of the atom, that is the prin- 
cipal factor in the absorption of the cosmic radiation, 
not the outer electrons of the atom, as was heretofore 
supposed. Since both the Dirac and the Klein- 
Nishina equations give only the absorption due to the 
outer electrons, the formulas are inaccurate, and 
we are left without a valid formula to test the atom- 
building hypothesis. Anderson’s work revealed that, 
in a considerable number of cases, the cosmic radiation 
causes the disintegration of the atom. Another very 
important result of Anderson’s beautiful experiments 
in photographing cosmic ray tracks is that as high as 
one-tenth of the photographed tracks show energies of 
the order of 1000 million volts, which is what is de- 
manded for atom-annihilation, not atom-building. 
Consequently, Millikan is now compelled to add atom- 
annihilation (Science, May 13, 1932) as a possible hy- 
pothesis to explain the origin of the cosmic rays, despite 
the fact that he has brought forward his previous sug- 
gestion of atom-building as evidence that the Creator is 
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still on the job! One sees therefore that the atom- 
building explanation holds only for the softest com- 
ponent of the cosmic radiation, the formation of helium 
out of hydrogen. When we come to the more energetic 
components, the evidence for atom-building processes 
is insubstantial. Now, as to the nature of the radia- 
tion. Chiefly, there are two reasons for regarding it as 
composed of photons instead of electrons. First, no 
process of nature is known which could endow electrons 
with so much energy, and second, the complete ab- 
sence of any effect on the radiation by the earth’s 
magnetic field. But nothing is known concerning the 
properties of high-energy electrons moving with the 
velocity of light, nor have we a complete theory of the 
interaction of radiation and matter which would tell us 
what happens when a photon collides with an electron. 
Only an adequately developed relativistic quantum 
mechanics could give us this knowledge, but there are 
tremendous intellectual difficulties which stand in the 
way of its formulation. For all these reasons we can 
only draw tentative conclusions about the origins and 
nature of cosmic radiation. 

What other facts have been discovered concerning 
ultra-penetrating radiation? In 1929, Dr. Bothe and 
Professor Kolhérster created some excitement in the 
scientific world by presenting evidence for the cor- 
puscular nature of the penetrating radiation. The 
experiment was performed by simply placing two 
Geiger tube counters one above the other at a dis- 
tance of five centimeters apart, the space between the 
counters being screened by lead, and noting the number 
of coincident deflections in the counters. A Geiger 
counter consists of a tube evacuated to a few milli- 
meters pressure, in the center of which is a wire. A 
battery maintains a field between the wire and the 
walls of the tube, so that a current just refuses to pass. 
At this critical stage the passage of a single electron of 
sufficient energy through the tube will produce enough 
ionization to allow a momentary current to pass be- 
tween the wire and the tube, which is made detectable 
by connecting an electrometer to the tube, the deflec- 
tion of which is shown on a moving film. Simultaneous 
photographic registration by the two counters would 
show that an ionizing particle must have passed 
through both counters. When the experiment was 
performed it was found that 20% of the total number of 
deflections of one counter were coincident with deflec- 
tions in the other. This percentage is so high that it 
can only be explained on the basis that the coincidences 
were due to the same corpuscular ray entering both 
counters. It is possible, as suggested by Lord Ruther- 
ford, for a photon of radiation to produce a coincidence 
by liberating an electron in one counter, passing through 
and liberating another electron in the second counter. 
Coincidences of this kind can occur from the interaction 
of the radiation with the nucleus, liberating a fast 
beta-ray electron from the inner core of the atom. 
The difficulty here is that, while a recoil electron is in the 
forward direction, the radiation excited in the nucleus 
is likely to be distributed in all directions, and there- 
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fore unlikely to pass through the second counter. To 
prove that these fast electrons are not due to scattering 
associated with such penetrating radiation, the pene- 
trating power of the electrons was measured by placing 
a block of gold four centimeters thick between the 
counters, the diminution in the number of coincidences 
thereby giving a measure of the absorption of the cor- 
puscular rays. One naturally expects that if these 
corpuscular rays consist of secondary electrons they 
will be more easily absorbable than the penetrating 
radiation which caused them. Bothe and Kolhérster 
performing the experiment found the same absorption 
coefficient as was obtained from the electroscopic ex- 
periments of Millikan working with unfiltered cosmic 
rays, thus showing that the penetrating power of 
these electrons is as high as the radiation itself. 

The surprising result of Bothe and Kolhdster’s 
work led Mott-Smith and Locher, last summer, to 
plan and perform an important experiment designed to 
remove the discrepancy between the findings of Mott- 
Smith, Millikan, and Rossi on the one hand, and Bothe 
and Kolhérster on the other. Mott-Smith had al- 
ready performed an experiment giving no evidence 
that the penetrating radiation could be deflected by a 
strong magnetic field, although in his work, electrons 
with as high an energy as 2 X 10° volts would have been 
measurably deflected, and Rossi, in Italy, obtained the 
same results with his magnetic deviation experiments. 
Most of the evidence was, therefore, on the side of 
Millikan when Mott-Smith and Locher began their 
work. Their idea was to combine a Wilson cloud cham- 
ber apparatus and two Geiger counters in such a way 
that every corpuscle that operates the counters must 
pass through the cloud chamber, giving a definite 
correlation between an ion track appearing in the 
chamber and the discharge of the two counters. (A 
Wilson cloud chamber is an instrument in which a 
corpuscle is made to give evidence of its presence by 
producing a track of water droplets.) Electrons and 
protons, like historical personages, are known by the 
traces they leave behind them. The Wilson cloud 
chamber is based on the fact that water vapor in air, 
even in a supersaturated condition, will not condense 
into droplets unless there is something for it to condense 
on. Either dust particles or ions will suffice. A cor- 
puscle shot through a Wilson cloud chamber con- 
taining dust-free air of just sufficient saturation, will, 
by knocking the electrons out of the atoms in its path, 
cause a train of ions to form. The water vapor then 
immediately condenses, and there is formed a white 
streak of tiny droplets sitting on the ions, marking 
the path of the corpuscle. This line of droplets may 
be photographed and studied. 

If no ion tracks are found in the chamber in associa- 
tion with the discharges of the counters, we have good 
evidence in favor of photons as comprising the pene- 
trating radiation, since photons do not produce ion 
tracks. One could then, by postulating a few new, 
albeit unusual, properties for photons (such as dis- 
charging a counter), reconcile the results of Millikan, 
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Mott-Smith, and Rossi with those of Bothe and Kol- 


hérster. The other alternative is, of course, the 
production of ion tracks in conjunction with the coin- 
cident discharges of the counters. 

This would be decided evidence in favor of the 
electronic nature of the radiation. The result of the 
experiment was quite unexpected. Mott-Smith found 
ion tracks closely resembling those of fast beta rays 
from a radioactive source, showing that a cosmic ray 
particle went through the apparatus. But if the cosmic 
radiation consists of high-speed electrons, how can one 
explain the findings of Millikan showing that the radia- 
tion is not influenced by the earth’s magnetic field, 
and the magnetic deviation experiments of Mott-Smith 
and Rossi which did not record any magnetic deflection 
of the cosmic radiation. The results of Millikan, Mott- 
Smith, and Rossi would require the electrons to have 
the prodigious amount of energy represented by 10''e 
volts in order to escape deflection. On the other hand, 
if the cosmic radiation does consist of these very high- 
energy electrons, they would have greater penetrating 
power than was recorded by cosmic-ray measure- 
ments. Besides, nobody knows how electrons can 
acquire such enormous energy. However, if one were 
to hold to the photonic nature of the radiation, how 
could one explain the observable tracks in the cloud 
chamber? Can a cosmic ray photon produce by colli- 
sion an electron with energy greater than itself? Others 
have suggested that the cosmic radiation may consist of 
a new type of particle—the neutron. The neutron, as 
its name implies, carries no charge and therefore cannot 
be deflected by a magnetic field. It is assumed to be a 
proton and an electron in such close combination as to 
neutralize each other’s charges and behave as a single 
particle. But Millikan and Anderson have shown the 
neutron hypothesis to be untenable, since a calculation 
reveals that neutrons in collision with atoms could not 
give rise to such high-energy electrons as those observed 
when the cosmic rays encounter atoms. P. A. M. Dirac, 
one of the greatest exponents of the new quantum 
theory, has shown recently in a highly technical paper 
that the quantum physics allows the existence of iso- 
lated magnetic poles—units of magnetism—which are 
similar to electrons, the unit of electricity. I have 
written a popular account of his' paper for Science of 
February 12, 1932, and presented therein Professor 
O. W. Richardson’s suggestion that there may be 
enough objects in the universe with the intrinsic energy 
of these magnetic poles to account for the otherwise 
unaccountable ultra-penetrating radiation. 

Finally, there is the fact brought out by Professor 
F. A. Lindemann. Because of their enormous energy, 
the constituents of the ultra-penetrating radiation have 
masses comparable to that of the hydrogen atom, and 
it becomes difficult to detect any magnetic effect. At 
10° volts, for example, which is the voltage of the 
cosmic radiation, electrons, protons, and photons all 
have comparable masses, and the three fundamental 
constituents of the universe become indistinguishable 
by their behavior. 
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Each type of experiment suggests a new interpreta- 
tion of the cosmic rays—waves, electrons, protons, 
neutrons, and radiations from a new kind of substance 
made up of magnetic atoms. All the foregoing inter- 
pretations, explanations, and conjectures show the 
urgent need of a deeper study of the cosmic rays. 

Aided by a grant from the Carnegie Foundation, 
there has already been organized by Professor A. H. 
Compton, of the University of Chicago, a world-wide 
expedition with the purpose of furnishing the most 
adequate tests yet devised to distinguish whether the 
cosmic rays are photons or electrons. According to a 
news dispatch in the New York Times of January 3, 
1932, Professor Compton will start in March on a six 
months’ expedition to Peru, New Zealand, Australia, 
Hawaii, and Alaska. Three other coéperating expedi- 
tions will be organized, one in South America, another 
in South Africa, and a third in the Himalaya Moun- 
tains. Their work will supplement the old measure- 
ments of Millikan, with observations taken in standard 
ionization chambers at eighteen stations distributed 
all over the world, and at heigiits ranging from 1000 
to 20,000 feet. But the addition of more experimental 
facts is not all that is necessary. Whenever there has 
been a great advance in physics, theory and experiment 
have gone hand in hand. The experimental facts need 
to be correlated before we can see their significance, and 
an adequate theory of the cosmic radiation developed 
before we can have a clear understanding of one of the 
most important questions of modern physics. A knowl- 
edge of the nature and origin of cosmic radiation may 
profoundly influence our ideas concerning the origin 
and destiny of the universe, and give us a deeper insight 
into our study of the ultimate constituents of the world 
—matter and energy, which, after all, lie at the bottom 
of that manifestation of nature we humans like to clothe 
in mystery—life. The unknown in science is not the 
“unknowable.” In that most characteristic pursuit 
of modern man, the adventure that is science, man 
achieves his dignity and nobility. 


ADDENDUM, NOVEMBER 28, 1932 


In the July 1, 1932, and September 1, 1932, issues 
of the Physical Review and also in a signed article for 
the New York Times, Professor A. H. Compton reports 
some of the results of his cosmic ray survey. Measure- 
ments made by himself and other members of the 
Cosmic Ray Expedition in the American Rockies, 
Hawaii, New Zealand, Peru, the Equatorial Pacific, 
Southeastern Australia, Panama, Mexico, and North- 
eastern Canada show that the intensity of the cosmic 
radiation varies with latitude. A slight variation in 
the intensity of the rays with the time of day was also 
detected. The results of the measurements reveal that 
the cosmic radiation is about 20% stronger near the 
earth's magnetic pole than near the equator, and is 
slightly stronger during the daytime than during 
night-time. The slight variation between daytime 


and night-time radiation becomes more pronounced at 
high altitudes. 


At 4930 meters above sea level the 
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average intensity of the radiation coming to the earth 
between 10 and 4 in the daytime is 1!/2% stronger 
than the radiation coming between 10 and 4 in the 
night-time. These findings are in flat contradiction to 
Professor Millikan’s work, and show that at least a 
good part of the penetrating radiation entering our 
atmosphere consists of charged particles—either elec- 
trons or protons. The evidence so far favors electrons. 
Professor Compton has also gathered new evidence con- 
firming that the cosmic ray carries a stupendous amount 
of energy, of the order of 10° volts. Yet the origin of 
this radiation is more of a mystery than ever. If the 
cosmic radiation were waves, one could account for 
their incomparable energy by postulating that these 
waves were emitted by the destruction of atomic 
nuclei, and for the softer components of the radiation 
one could assume that they were emitted by the forma- 
tion of atomic nuclei. But now that we have evidence 
for the electronic nature of the cosmic rays, we are at 
a total loss to explain how an electron could acquire so 
much energy! If the cosmic rays are electrons, then 
this is the first evidence we have of a very singular 
and significant process—the disintegration of atomic 
nuclei by capture or collision with high-energy electrons. 
Such an interaction would be a very complicated affair, 
and is little understood at the present time. If the 
nuclei of atoms are composed of protons and neutrons, 
as some physicists are now inclined to believe, then one 
must assume, in order to explain Anderson’s photo- 
graphs, that the cosmic ray, when interacting with the 
nuclei of atoms, breaks up the neutron and causes the 
emission of either one or both of its constituents. (It 
is remembered that Anderson has succeeded in photo- 
graphing the tracks of nuclear electrons and protons 
liberated by the cosmic radiation.) That is to say 
that when high-energy radiation (either photons or 
electrons) interacts with neutrons, the neutron no 
longer behaves as a statistical particle—as a unit— 
but that its constituent proton and electron interact 
independently. 





SECRETARY’S REPORT— 
ADDENDUM 


Due to an oversight the following item was omitted 
from the minutes of the Denver meeting of the Division 
of Chemical Education of the A. C. S. [J. CHEm. 
Epuc., 9, 2100-7 (Dec., 1932) ]. 

Mr. J. O. Frank discussed at length’errors appearing 
in chemistry textbooks, and certain types of misrepre- 
sentative advertising and lectures, and suggested that 
steps be taken to remedy the situation. The matter 
of appointing a standing committee of the Division to 
consider these matters was referred to C. O. N.S. O. C. 


Norris W. RAKESTRAW 
Secretary 














A GRADUATE COURSE in 
LABORATORY TECHNIC 


H. B. HASS ano F. D. MARTIN 


Purdue University, Lafayette, Indiana 


It is pointed out that the average graduate student 
needs a broader training in laboratory technic than he 
usually receives. The advisability of giving the training 
in the form of a general course to precede research work is 
discussed. Such a course was given at Purdue Uni- 
versity last year with very satisfactory results. The 
course included instruction in glass-blowing, chemical 
microscopy, analysis by physico-chemical methods, vacuum 
manipulation, thermometry, spectroscopy, and special 
work in organic and physical chemistry. 


++ oe oe + + 


N THE theory that “the best training for re- 
search is research” it has been urged that in- 
experienced chemists with little or no labora- 

tory training beyond that of their undergraduate 
course should be plunged at once into an original in- 
vestigation. The desirability of this procedure, at 
least in the case of the average graduate student, 
seems to us to be questionable for several reasons. 
In the first place, such a student must acquire the 
experimental ability necessary to carry out research 
either by a process of trial and error or else by depend- 
ing upon his supervisor for constant advice and as- 
sistance. The first method can be compared to teach- 
ing a person to swim by throwing him into deep water, 
expecting that he will somehow acquire the proper 
stroke without preliminary instruction. When we con- 
sider the length of time it has taken for the human 
mind to evolve such a comparatively simple piece of 
apparatus as the fractionating column, can we justly 
expect the novice, fresh from the average undergradu- 
ate courses, to be able to work out for himself the 
laboratory technic which is necessary in connection 
with his assigned research? It would seem that the 
increasing complexity and variety of appardtus at 
the disposal of the chemist, and the ever greater em- 
phasis upon precision of results which characterize 
modern research, indicate clearly that the student 
should learn the proper manipulation of these instru- 
ments before using them to penetrate the unknown. 
Airplane pilots are not produced by placing a beginner 
at the controls and sending him into a fog. The other 
alternative is for the professor in charge of the research 
to hover over his protégés like a watchful hen over 
her chicks. This procedure may be attacked on the 
ground that it stifles initiative and reduces the student 
to the status of a mere extra pair of hands for the pro- 
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* Presented before the Division of Chemical Education of the 
A.C.S., at Denver, Colorado, August 24, 1932. 


29 


fessor. Another objection is that most instruction 
is most efficiently given to classes rather than to indi- 
viduals. Granted that a student should at some time 
in his career learn to join two pieces of glass tubing to 
make a tight joint, it must be admitted that he does 
not learn most readily by trial and error, while if each 
student must be taught individually the process makes 
unnecessary inroads upon the professor’s time. 

In the second place, a highly specialized research 
problem is likely to absorb so much of the student’s 
time that he has little opportunity to acquire experi- 
mental ability in other fields. It is very frequently 
the case that a chemist does not ultimately make his 
greatest contributions in the field in which he was 
originally trained. This will be increasingly true in 
the future as the scarcity of positions causes a man to 
accept any type of opening available, even though it 
is not in the branch of chemistry which holds the 
greatest interest for him. Incidentally, we have all 
noted how often major advances in one division of 
chemistry have followed the adaptation of a technic 
or apparatus familiar to chemists working in another 
field. The original impetus to the development of 
physical chemistry came from men who could bring 
to the problems of chemistry the equipment and point 
of view of the trained physicist. The last two and, 
presumably, most difficult elements to be discovered 
were detected by the use of an apparatus developed 
in an apparently remote field. 

All this would seem to justify the introduction of a 
general course in chemical technic. Such a course, 
if sufficiently flexible, gives an opportunity to correct 
any deficiencies noted in the student’s previous train- 
ing, familiarizes him with the best experimental meth- 
ods, and thus prepares him for,more effective work 
in any field of chemistry which he afterward enters. 
We believe that this course follows the spirit of the 
suggestion made by Langmuir,f ‘““Work up a system 
by which you give a man the methods of thinking, 
the method of developing his own experimental ability, 
put the whole thing into a flexible system and allow 
the students all the opportunities there are 
It seems to me particularly valuable to have some very 
general courses.” 

Since the purpose of such a course is to give the 
student a grounding in all the major branches of chemi- 
cal technic, it is administered at Purdue University by 
a group of professors, chosen from the different branches 
of the department. The choice of experiments to be 
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performed depends upon the needs of the individual 
student and is modified by his previous training and, 
to some extent, by the field of his major interest. This 
flexibility is attained, first, by a division of the course 
into seven parts, one or more of which may be omitted 
if it seems desirable in a given case. Within each divi- 
sion certain assignments may be omitted in case the 
student has previously acquired that particular technic 
or if the work seems too far removed from the field in 
which he is specializing. The decision here is left to the 
student’s major adviser. 

The course is organized in the following divisions: 
E. Physico-Chemical Analysis. 
F. Vacuum Manipulation and 

Thermometry. 
G. Spectroscopy. 


A. Glass-Blowing. 

B. Chemical Microscopy. 

C. Organic Technic. 

D. Physical Chemistry Labo- 
ratory. 


Division A, Glass-Blowing, is required of all gradu- 
ate students in chemistry. Many chemical research 
men are not fortunate enough to have at their com- 
mand the services of a professional glass blower, and, 
even when one does have access to this assistance, 
time can frequently be saved by the ability to repair 
one’s apparatus. Credit in division A of the Labora- 
tory Technic course means that the student has mas- 
tered the following: right-angle and U-bends, the 
four common kinds of seals, T-tubes and Y-tubes, 
bulbs, large tubing manipulation, stem pulling, suck 
joints, ring seals, wire seals, glass to copper seals, 
ground joints and stopcocks, spirals and special bends, 
manipulating stationary glassware, and Pyrex tech- 
nic. As previously stated, if a student can demon- 
strate ability to perform any one of these operations he 
is excused from that exercise. 

The division of Chemical Microscopy is a somewhat 
abbreviated adaptation of the course given at Cornell 
by Mason and Chamot and follows their text. The 
topics covered are recrystallization and study of 
crystal systems, determination of refractive indexes, 
handling of small quantities of material, micrometry, 
quantitative analysis of heterogeneous mixtures, the 
polarizing microscope, the physical chemistry of crys- 
tallization phenomena, illumination and critical mi- 
croscopy, common textile and cardage fibers, and de- 
tection of elements. 

In planning the Organic Technic division of the 
course, it was decided to follow the idea of ‘‘unit opera- 
tions’”’ which has been so generally adopted in chemi- 
cal engineering instruction. Most organic research 
involves a combination of a comparatively small num- 
ber of operations, the mastery of which equips the 
student to carry out the procedure efficiently when- 
ever occasion arises. Judging from experience with 
between twenty and thirty research students, such 
mastery is frequently not acquired in courses in organic 
preparations. There is too great a tendency to follow 
detailed directions somewhat unthinkingly and to fail 
to comprehend the fundamental reasons underlying 
the choice of a particular procedure for a given purpose. 
This tendency is being combated by first insisting that 
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a student shall master the general principles under- 
lying an operation and then devise his own procedures. 
Perhaps an example will elucidate this point. In a 
course in organic preparations we frequently encounter 
the direction, ‘“‘Recrystallize from alcohol.” Only the 
exceptional student asks himself the questions: ‘‘What 
other solvents are frequently used for recrystalliza- 
tion? What are the requirements of a solvent suitable 
for this purpose? How can I predict in a situation 
where no directions are available, what solvents will 
probably prove suitable? What factors affect crystal 
size and purity? What can I do if the solute tends 
to come out as an oil? What methods are available 
for freeing the crystals from mother liquor? What 
devices are used to avoid an oft-repeated fractional 
crystallization?’ In our course the student must 
answer all of these questions and others before he is 
allowed to plan his fractional crystallization. After 
that, he is given a separation for which no directions 
are available in the library. He maps out his method 
of attack, discusses it with the professor in charge, 
and, if the procedure is approved, carries out the re- 
crystallization in the laboratory. We believe that a 
given amount of time spent in this way is a better 
training for research than an equal amount spent 
following ‘‘cookbook”’ directions. The topics taken up 
in organic technic are steam distillation, vacuum rec- 
tification (use of adiabatic column), vacuum subli- 
mation, recrystallization, extraction® from solid and 
liquid, Siwoloboff boiling-point determination, melt- 
ing-point determination, Grignard technic, use of auto- 
clave, flow meters and controlling and recording pyrom- 
eter, sodium fusion, and qualitative tests for elements, 
Adams reduction apparatus. 

The topics taken up in Physico-Chemical Labora- 
tory are molecular weights by the Dumas, Victor 
Meyer, boiling-point and freezing-point methods, sur- 
face tension, vapor pressure, electrical conductivity, 
electrical potential, mutual solubility of liquids under 
pressure, viscosity, reaction rates, and transference 
numbers. 

The Physico-Chemical Analysis division takes up 
probable error, calibration of weights, analysis of a 
gas from density, density determination of liquids, 
analysis of illuminating gas, use of refractometers, 


polarimeter and _ saccharimeter, colorimeter and 
nephelometer, oxygen bomb calorimeter, Saybolt 
viscosimeter. 


Vacuum Manipulation and Thermometry covers the 
calibration of thermocouples, measurement of extreme 
temperatures, use and calibration of thermometers, 
vacuum work, and liquid air technic. 

Spectroscopy has three divisions: (1) the theory of 
the instruments, (2) use of instruments, and (3) chemi- 
cal analysis. Under (1) the student is taught the 
function of each part of the spectroscope and spectro- 
graph, what type of instrument is best suited to the 
different problems and the capabilities and limitations 
of instruments as determined by their refractive and 
dispersive power. Under (2) the manipulations of the 
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pocket spectroscope, the three-arm spectroscope, the 
constant deviation spectroscope, and the large quartz 
spectrograph are taught. Detection of the spectra of 
elements, development of spectrographic plates and 
interpretation of band and line spectra are covered. 
Part (3) includes analysis of knowns, followed by 
analysis of about fifteen unknown mixtures, absorption 
spectroscopy, especially of organic and _ biological 
materials, and a small amount of work in quantitative 
spectroscopy using the quartz spectrograph, comparing 
plates with standards previously prepared by the 
instructor. 

Although a number of topics such as the calibra- 
tion of weights, usually taken up under quantitative 
analysis, are to be found in the various divisions of 
Laboratory Technic, it is evident that this very im- 
portant subject has not been included as such in the 
course. When a graduate student comes to us with 
insufficient analytical training, he is assigned to as 
much of the regular junior course as is necessary in 
order to rectify the deficiency. 

We do not offer the foregoing summary with the 
idea that the course at Purdue has reached its final 
form, nor do we urge its adoption in toto by other uni- 
versities. Doubtless the choice of subject matter to 
be included would vary somewhat with the training, 
preferences, and interests of different faculties of chem- 
istry. We do believe, however, that the soundness 
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of the fundamental ideas upon which the course is 
based has been demonstrated by the results shown at 
the end of the first year in which it has been offered. 
It has been the duty of one of us during the past 
summer to direct the research of students who have 
been through the Laboratory Technic course. This has 
afforded a good opportunity to compare the effects 
of this training with those of more orthodox instruc- 
tion. Those instructed in laboratory technic have 
accomplished more in a given time, have made no 
serious errors in methods of attack and, in certain 
cases, have come to the assistance of older men when 
the latter had apparatus troubles. 

The assurance that the manipulation would be satis- 
factory enabled the one supervising the research to 
concentrate his attention and assistance on the broader 
issues and to allow the student a latitude in designing 
his own apparatus which previously was not possible. 
With the greater opportunity to use his own initia- 
tive, the student has achieved an increased sense of 
personal mastery over his problem and confidence in 
his ability to carry it to a successful conclusion. 
Informal conversations and discussions with practi- 
cally all of those connected with the course have dis- 
closed an enthusiasm upon the part of both students 
and faculty which exceeded our expectations and which 
indicates strongly that the course fills our needs excep- 
tionally well. 





INTRODUCING ORGANIC 
CHEMISTRY in the LABORATORY’ 


JOHN B. ENTRIKIN- 


Centenary College of Louisiana, Shreveport, Louisiana 


By introducing the work in the organic chemistry 
laboratory with a series of quantitative experiments re- 
lated to the laboratory work in inorganic chemistry, and 
yet of a definite organic chemical significance, one furnishes 
the student a natural bridge between the two courses. 
For those who have not had quantitative analysis, the 
training is conducive to precise work throughout the 
year. The course is particularly valuable to pre- 


++ + 


HE average textbook written for the student 
who is taking up the study of organic chemistry 
offers very little material during the first weeks 
of study out of which practical laboratory experi- 
ments may be developed. This problem has been 
met by most writers of laboratory guides by intro- 
ducing the student in the laboratory to the methods 
of purifying organic compounds, and to the determi- 


* Presented before the Division of Chemical Education of the 
A.C. S. at Denver, Colorado, August 23, 1932. 





medical and other students not majoring in chemistry. 
The following type of experiment is suggested for the 
first few laboratory periods: qualitative analysis for the 
elements C, S, N, and the halogens; titration experi- 
ments designed to study indicators, ‘salt hydrolysis, buffer 
action, and pH; and the determination of the percentage 
of nitrogen in organic unknowns by both the macro- 
Kjeldahl and the micro- (colorimetric) methods. 


++ + 


nation of the physical constants of representative 
compounds. 

It seems to the writer that purification methods 
might better be taken up in connection with actual 
preparation experiments where the student has the 
“setting” for the need and the adaptability of the 
method to be employed. The same argument, it 
seems, would apply to the determination of physical 
constants. 

All too frequently, the student who is beginning 
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the study of organic chemistry feels that it is entirely 
different from inorganic chemistry, and that he need 
not recall or remember the principles and facts which 
he learned in the previous course. 

A large number, perhaps even a majority, of the 
students who register for organic chemistry have not 
previously taken work in quantitative analysis. Fur- 
thermore, the majority of those who have not already 
taken the quantitative work will not take it at all. 
The discussion on premedical education in chemistry 
at the A. C. S. meeting in New Orleans last spring 
brought out the fact that the majority of those present 
felt that more quantitative work should be intro- 
duced into the laboratory practice in organic chemistry 
for premedical students. Quantitative experiments 
serve several functions. In the first place, the ordi- 
nary organic laboratory work is too frequently pur- 
sued in a careless manner. The type of experiment 
suggested to the students allows them to anticipate 
or calculate the results that should be obtained, and 
the temptation is very great to get those results. Ex- 
periments should be given, particularly during the 
first few periods, which do not allow these possibili- 
ties. Secondly, certain quantitative experiments may 
be used to act as a natural bridge between inorganic 
and organic chemistry. Furthermore, the student is 
made to feel the need of painstaking work which will 
result in data acceptable to the instructor. The stu- 
dent is made to realize the need for carefully planning 
his work in order that precision may be attained. 
The attitude thus created toward the laboratory 
work will, in the writer’s opinion, last to a considerable 
degree throughout the year. 

A certain zest is added to the work of the student if 
the experiment involves the determination of an ‘‘un- 
known.” Such experiments have not been common 
in the manuals for organic chemistry. This type of 
experiment is well adapted to the determination of 
the aptitude, technic, and knowledge of the student. 

Considering these views, the writer has tried the 
following series of experiments as the introduction to 
the year’s work in the organic laboratory, and has been 
pleased with the results: 
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I. Methods for the qualitative detection of C, Cl, Br, I, S, and 
N. Two individual ‘‘unknowns”’ are run after the satisfactory 
completion of the practice work. 

II. The titration of 0.1 N HCl with approximately 0.1 N 
NaOH. The standard acid is prepared by the students by dilut- 
ing “‘constant-boiling’’ HCl which they have previously prepared 
as an experiment in fractional distillation. The alkali solution 
is prepared by the students by diluting 45% NaOH which has 
stood to allow the precipitation of NaHCO;. Three different 
indicators are used, and a study is made of the indicator end- 
points, equivalent points, and the neutral point. 

III. Salt hydrolysis, and the buffer action of salts. Titration 
data are obtained and interpreted for the following reactions, both 
methyl orange and phenolphthalein being used as indicators: 

1. HCl + NazCO; 

2. HCl + NaOH (NaHCO; being present) 

3. HCl + NaOH (NH.CI being present) 

4. H3P’ O4 “P NaOH 
The use of a color comparator set for the determination of the 
pH of a solution is thoroughly explained and demonstrated. 
The pH values of solutions of salts like those produced by the 
above reactions are determined by the students, and the relation- 
ship of the pH of the solution of the salt to the pH range of the 
proper indicator for the reaction is pointed out. 

IV. Determination of a nitrogen “unknown” by the macro- 
Kjeldahl method. The standard solutions of acid and base pre- 
viously prepared are used. 

V. Determination of a nitrogen “unknown” by the micro- 
method, using the colorimeter. 


After an introduction to organic chemistry labora- 
tory practice by means of these experiments involving 
such organic compounds as carbonates, cyanides, indi- 
cators, and organic nitrogen compounds, our students 
proceed to a study of the solubilities and class reac- 
tions of representative members of the principal classes 
of carbon compounds. A reasonable number of com- 
pounds is prepared, purified, and the percentage yield 
calculated. These preparations are selected to teach 
general principles of carbon chemistry, such as the 
methods of replacing the —OH group by a halogen 
atom. 

Unknowns are given the students to determine the 
class to which they belong, based on solubility data, 
the elements present, and chemical reactivity. Both 
qualitative and quantitative unknowns are given the 
students during the studies involving the sugars. 





The rapidity with which progress has recently been made in vitamin chemistry 
may be appreciated by a comparison of Miss Routh’s article in this number 
(pp. 13-9) with Dr. Sherman’s series of six papers on “The Vitamins” (Nov., 
1926-Apr., 1927, inclusive) and his article on “Enzymes and Vitamin A” (pp. 652- 
The reader may also refer to Dr. Lachat’s article on ‘“‘Carotin and 


Vitamin A” (pp. 875-83, May, 1931). 


60, Apr., 1931). 


























FACILITATING the STUDY of 
GERMAN for CHEMISTS’ 


R. NORRIS SHREVE anv JOHN T. FOTOS 


Purdue University, Lafayette, Indiana 


This is a description of the new work being given at 
Purdue University in the Department of Modern Lan- 
guages, with the collaboration of Professor Shreve of the 
Department of Chemical Engineering, to facilitate the 
use of widely used German chemical reference books, 
and acquaint the students with these books, so that they 
will become more familiar with German chemical terms. 
The work is carried out by the use of multigraphed pages, 
which are exact copies of selected pages found in the Ger- 
man reference books. 


+++ + + + 


N THE course of our work with upper classmen, 
in the School of Chemical Engineering at Purdue 
University it became apparent that these stu- 

dents, even though they had had two years of Ger- 
man, could not read as well as they might the Ger- 
man that was expected of them, in such reference 
books as Ullmann’s ‘‘Enzyklopddie der technischen 
Chemie,” Beilstein’s ‘‘Handbuch,’”’ and Gmelin’s ‘‘Hand- 
buch.” 

However, the difficulty was diagnosed to be due 
not only to a lack of knowledge of the technical vo- 
cabulary used and the constructions encountered, but 
there was also a decided psychological disinclination 
on the part of the students to use these handbooks 
of many volumes. They seemed to think that the 
more ponderous the volumes, the more difficult would 
be the German. Those of us who have used these 
reference books know that this is not the case. 

It seemed to us that these and other widely used 
reference books could well be the basis for instruc- 
tion in German. It was manifestly impossible to put 
into the hands of each student these sets of volumes 
costing the large sums that they do; consequently, 
a series of multigraphed excerpts from these and 
other reference volumes was prepared and used as 
the basis for instructional work in the second-year 
German. For this purpose excerpts were taken from 
the following reference books: 

Utiman: ‘‘Enzyklopddie der technischen Chemie” 
BEILSTEIN: ‘‘Handbuch der organischen Chemie”’ 
GmeE.LiIn-Kravut: ‘Handbuch der anorganischen Chemie’’ 


Hovusen: ‘“‘Methoden der organischen Chemie’’ 
OBERHOFFER: “Das technische Eisen” 


The excerpts used were exact reproductions of 
the material found in these volumes. The object of 
these selections was to familiarize the students from 
the beginning with the form and appearance of chemi- 


* Presented before the Division of Chemical Education of the 
A. C. S$. at Denver, Colorado, August 23, 1932. _ 
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cal German as found in the literature which he must 
read in his junior and senior years, as well as after 
his graduation from the university. 

We were much pleased to find that the student’s 
interest in this type of reading was enhanced in com- 
parison with simple abridged scientific German selec- 
tions that might or might not have any direct bearing 
upon his particular field. It should be remarked here 
that in these classes only students of chemistry and 
chemical engineering were grouped. Indeed at Purdue 
we have between 125 and 150 students in these classes. 

In the choice of articles, the object was to have the 
matter chosen of such nature from a chemical view- 
point that the students would be actually learning 
something of valuetothem. Naturally, this also called 
for rather up-to-date selection of material. 

As a consequence of our experience with this method 
of instruction, we have been able to give our students a 
much better facility in the handling of ordinary chemi- 
cal German. Indeed this has been so encouraging 
that we have decided to go farther. Beginning with 
the next scholastic year, we shall start with the same 
type of German selections in the beginning class which, 
in Purdue, is in the freshman year. In other words, 
after the beginners have had instruction in the ele- 
ments of grammar, sentence structure, and word- 
order, during the first few months we shall go di- 
rectly to simpler excerpts from technical German. 
The student will thus become familiar with the Ger- 
man vocabulary and constructions which he will need 
for later use, instead of learning a literary vocabulary 
which will not be of much help to him in reading chemi- 
eal German. For these freshman selections it was 
thought that some of the simpler paragraphs from 
Ullmann would be appropriate, as Ullmann’s style 
is not so difficult nor so compli¢ated as most chemi- 
cal German literature. Such selections have now been 
multigraphed for classroom use. Here, as in the case 
of the more advanced German, the same principles 
were kept in mind, namely, to excite the student’s 
interest and afford some instructional value in chem- 
istry. - 

WORD STUDY 


To facilitate the student’s ability to read chemical 
German and to save time, a word study has been under- 
taken to determine the two thousand words which oc- 
cur most frequently in this type of German. Recent 
studies show that a knowledge of these words, together 
with the verb tenses, suffices for reading approxi- 
mately 95% of ordinary chemical German. In other 





34 


words, a chemist with a working knowledge of these 
two thousand most commonly occurring chemical Ger- 
man words would need to look up only a small number 
of other words. This word count is being taken from 
the different selections of German included in the 
main selections and is being carried out by some of 
the better students under the supervision of Professor 
Fotos. It should be emphasized that this word count 
taken from these handbooks represents considerable 
variety of authors and branches of chemical science. 

A number of our colleagues in other institutions 
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have used these multigraphed pamphlets for instruc- 
tional work and have so encouraged us in the effort 
we are making that we have decided in the course 
of the next year to bring this out in book form. In 
this presentation there will be included not only ex- 
tensive selections for the freshmen and more advanced 
classes, but also introductory chapters on chemical 
nomenclature, on the construction of chemical Ger- 
man expressions, notes on the text selected, and last 
but not least, the two thousand chemical German 
words resulting from our word count. 

















Ir Was IN THIS BUILDING THAT THE KANSAS RESEARCHES ON LIQUID AMMONIA 
WERE STARTED 


This building, now in use as quarters for the journalism department, overlooks 


the famed valley of the Wakarusa. 


Not so many years before its construction, an 


observer standing on its site could have seen at a distance of a mile or so the 
‘“Forty-Niners”’ just started on their way to California. 


The BEGINNING of LIQUID AMMONIA 
RESEARCH in the UNITED STATES’ 


ROBERT TAFT 


The University of Kansas, Lawrence, Kansas 


HE properties of liquid ammonia as a solvent and 
the ammonia systems of compounds are now 
quite familiar to the chemists of the present day. 

On the other hand, the events leading up to the initia- 

tion of the experimental work in this country, upon 

which most of our knowledge of this subject is based, 
are not so well known. The conditions under which 
ideas are formed, put into execution, and developed 
into a well-defined branch of science are usually of 
interest and never without instructive value. For 





* This paper has been read and approved by Dr. Franklin, 
Dr. Kraus, and Dr. Cady. 


this reason, as well as to make the historical record 
while the principals in the events here recorded are 
still with us in the flesh, the present paper has been 
written. The principals just mentioned are three well- 
known American chemists, Professors H. P. Cady, 
E. C. Franklin, and C. A. Kraus. 

As the work to be described was begun at The Uni- 
versity of Kansas in the middle nineties, a brief setting 
of the historic stage, with respect to both local condi- 
tions and the development of chemical theory, may 
enable the reader to obtain a truer perspective of the 
events to be noted. 
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By 1895 theoretical chemistry had been in existence 
as a well-recognized and separate branch of the science 
for relatively few years. Indeed, H. C. Jones, in his 
book ‘‘A New Era in Chemistry,” dates the beginning 
of this era from the establishment by Ostwald, van’t 
Hoff, and others, of the Zeitschrift fur phystkalische 
Chemie in 1887. 1895 would find us then in the eighth 
year of the new era. 

Few textbooks of physical chemistry were available, 
especially in this country. Nernst’s ‘Theoretical 
Chemistry” had appeared, however, in an English 
translation in this year (1895). The books of Ostwald, 
which were to have such a marked influence on the 
development of physical chemistry in this country, 
appeared during this decade, especially toward the 
latter end. 

The American journals of the period, The American 
Chemical Journal and the Journal of the American 
Chemical Society, published scarcely anything of a 
physico-chemical nature until somewhat later. For 
example, in the year 1895 only one paper of a definite 
physico-chemical character was published in both 
journals. To meet the growing interest in physical 
chemistry of this day, Professor Bancroft of Cornell, 
recently returned from Nernst’s laboratory in Berlin, 
founded the Journal of Physical Chemistry. The first 
issue of this journal, however, did not appear until 
October, 1896. 

The beginning student in an American university 
of this period was in a measure, then, dependent upon 
his own resources if the field of physical chemistry 
were of interest to him. Textbooks, such as Remsen’s 
“Advanced Inorganic Chemistry,” were available and 
were, as we Shall see, capable of stimulating produc- 
tive thought. 

By 1895 The University of Kansas was twenty- 
nine years old, possessing at this time a faculty of some 
fifty members and a student body of approximately 
seven hundred of collegiate rank. The department of 
chemistry had a staff of three members and was housed 
in its own laboratory building. Laboratory and li- 
brary facilities were, however, when compared to those 
of the present day, decidedly meager. Standard 
treatises on the chemistry of that day were available, 
but journal literature was scarce. Of course, one 
should remember that the total volume of chemical 
literature in that period was very considerably less 
than at the present day. 

In the fall of 1893 there appeared at this University, 
from the plains of central Kansas, a nineteen-year-old 
boy who was already much engrossed with chemistry. 
This boy, Hamilton P. Cady, was so much interested 
in chemistry that by the time he was seventeen he 
had purchased with his own earnings Remsen’s “‘In- 
organic Chemistry,’’ a supply of chemicals, some test 
tubes, and several evaporating dishes. Of necessity 
these were soon handled with respect and care, for 
when this supply was gone, time and money, were re- 
quired to replace the stock, and money was scarce. 
A balance and a barometer were constructed by this 








ingenious youth, 
and with this equip- 
ment many of the 
experiments de- 
scribed in Remsen’s 
book were carried 
out. Cady, then, 
when he appeared 
at The University 
of Kansas, already 
had a working 
knowledge of chem- 
istry. The chem- 
istry staff in 1893- 
94 consisted of Dr. 
E. H. S. Bailey, the 
chairman of the de- 
partment, Mr. F. B. 
Dains, assistant in 
chemistry (who 
was taking the 
place of Mr. E. C. 
Franklin, absent on 
leave at The Johns 
Hopkins Univer- 
sity), and Mr. E. C. Case, assistant in chemistry. After 
consulting with Dr. Bailey, Cady enrolled as a fresh- 
man, but his knowledge of chemistry was judged 
sufficient to warrant his being enrolled in organic chem- 
istry, a course which was then given in the junior year. 

By the end of his sophomore year Cady had made 
such progress that he was made an assistant in chem- 
istry and the following year had charge of the labora- 
tory of qualitative analysis. 

During the fall of 1895, Cady, then a sophomore, 
became interested in the water of hydration of salts, 
a topic of never-failing interest apparently to many 
generations of chemists. He prepared many such hy- 
drates, especially those containing several metals. In 
attempts to establish the constitution of these hydrates, 
Cady reviewed the literature available, including his 
ever-ready Remsen. In Remsen’s book! he ran across 
this statement, 





HaMILTon P. Capy AS A SENIOR IN 
THE UNIVERSITY OF KANSAS 


From a photograph taken in 1897. 
Cady had made considerable progress 
in his researches on liquid ammonia as 
an electrolytic solvent when this 
photograph was taken. 


It is a curious and interesting, thougli at present inexplicable, 
fact that anhydrous copper sulphate combines with five mole- 
cules of ammonia just as it does with five molecules of water, 
and that by lying in moist air the molecules of ammonia in the 
compound are successively replaced by water, so that the follow- 
ing series of compounds is formed: 


CuSO,45NH; 
CuSO.4NH3'H2,0 
CuSO43NH32H20 
CuS0O,4:2NH3°3H20 
CuSO,-NH;°4H20 
CuSO.-5H20 


From this it would appear that the ammonia in these compounds 
plays a part analogous to that played by the “water of crys- 
tallization.”’ 





1 REMSEN, ‘Inorganic Chemistry,” 2nd ed., revised, Henry 
Holt & Co., New York City, 1890, pp. 593-4. 
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This set Cady to work, looking up other possibilities, 
to see if the replacement of water by ammonia in hy- 
drates was a general phenomenon. As a result of this 
study he reported before the chemical seminary of 
the University on March 18, 1896, upon “Ammonia 
Compounds Analogous to Salt Hydrates.”’* 

Early in this study the possibility of using liquid 
ammonia as an electrolytic solvent occurred to Cady. 
Cady reasoned in this way: Water forms hydrates 
with certain salts. This indicates a certain unsatu- 
ratedness of water. These same salts form analogous 
compounds with ammonia. Water dissolves these hy- 
drates—not only dissolves them—but in dissolving 
them produces a system which is an electrolytic con- 
ductor. Possibly liquid ammonia would dissolve these 
salts, the solution of which might likewise conduct 
electrolytically. After reasoning in this fashion, Cady 
undertook to look up the meager literature available 
in the library at his disposal. Weyl,’ 
Seely,* and Gore* had all published 
some work on solutions in liquid 
ammonia, but none of these publica- 
tions was available to Cady. For- 
tunately, Gore’s paper had been 
abstracted in Watts’ ‘‘Chemical Dic- 
tionary,’’ a set of which was available. 
This abstract confirmed Cady’s con- 
jecture about the solvent ability of 
liquid ammonia, but, as Gore had 
not tried the electrical conductivity 
of his solutions, Cady had no further 
information relative to his second 
hypothesis. The student of electro- 
chemistry will recall that this was 
before the days when the Nernst- 
Thomson rule’ had become suffi- 
ciently well known to be included in 
the textbooks available, so that there 


Cady out.t The reader should also 4? THE University oF Kansas 
From a photograph taken in 1889. 


recall that this was before Walden® 
began publishing his fruitful work 
on the chemistry and electrochemistry of non-aqueous 
solvents. 

As Cady could find no information upon the electrical 
conductances of salts in liquid ammonia, he con- 
sidered the possibility of determining the matter for 


* From the secretary’s book of The University of Kansas 
Chemical Seminary in the possession of Prof. E. H. S. Bailey, 
former chairman of the department. 

2 WeyL, Ann. Physik, 121, 601 (1864). 

3 SEELY, Chem. News, 23, 169 (1871). 

4 Gore, Proc. Roy. Soc., 21, 140 (1872). 

5 Toomson, Phil. Mag., 36, 320 (1893); NeErRNst, Z. phystk. 
Chem., 13, 531 (1894). 

T For that matter, the dielectric constant of liquid ammonia 
had not yet been determined and, in fact, the first determination 
of the dielectric constant was suggested by the conductivity ex- 
periments of Cady described herewith. See GoopWIN AND 
Tuomson, Phys. Rev., 8, 38 (1899). 

6 The first of Walden’s papers was published in Z. anorg. 
Chem., 25, 209 (1900). For a complete summary, see Walden’s 
book, ‘‘Elektrochemie Nichtwasseriger Lésungen,”’ Johann Am- 
brosius Barth, Leipzig, 1924. 





: ign EDWARD CURTIS FRANKLIN AT THE (Rpg : 
was no working principle to help  Brcryninc or His Teacninc Career than pure liquid ammonia. 
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himself. But neither equipment nor liquid ammonia 
in quantity was available. He then took the project 
to Prof. E. C. Franklin* who encouraged him and 
told him that his problem appeared feasible. Franklin 
had developed into a very skilful glass blower and to 
help Cady along made for him a small Dewar vessel 
with a wide mouth. Dr. Bailey, the head of the de- 
partment, was then consulted and he agreed to purchase 
for Cady’s use a cylinder of liquid ammonia. 

These last events took place in the spring of 96 
and, as the liquid ammonia was slow in arriving, no 
further work was accomplished until the fall of that 
year. When school commenced again in the fall, the 
cylinder of liquid ammonia had arrived and Cady** 
began his actual experiments with liquid ammonia. 
Dr. Franklin had been granted a year’s leave of ab- 
sence for the school year of ’96-’97,ff so that Cady 
began his experiments without the aid or advice of 
the elder man. 

Cady’s original equipment was 
comparatively crude. It consisted of 
an old ammeter, the Dewar tube 
made by Franklin and fitted with a 
pair of electrodes, and a 110d. c. cir- 
cuit as his source of electrical power. 
His first experiment consisted in the 
measurement of current which would 
flow through liquid ammonia itself. 
He found, as far as he could tell by 
his ammeter, that it was a non-con- 
ductor. This was surprising, as 
Bleekrode’ had recorded that liquid 
ammonia was a good conductor of 
electricity. As the result of his sub- 
sequent work, Cady showed that 
Bleekrode had undoubtedly been 
using a solution of an electrolyte 
(presumably a sodium salt) rather 


As soon as he found that liquid 
ammonia would not conduct a cur- 
rent, he added a quantity of potassium 
iodide, which Gore had recorded as being very soluble, 
to the liquid ammonia and found that the resulting 
solution was a very good conductor. He also observed 





* In the fall of 1894, after receiving his doctorate from The 
Johns Hopkins University, Dr. Franklin had returned to The 
University of Kansas as associate professor of chemistry. He 
was still a young man and was Cady’s senior only by some twelve 
years. 

t By 1896, liquid ammonia was an article of commerce. Pro- 
fessor Linde had constructed the first ammonia refrigerating 
system at Munich in 1873. After that time the refrigeration 
industry grew very rapidly, with the resultant increase in the 
production of liquid ammonia. The Kansas investigators had 
a considerable advantage over Gore, who had to prepare his 
liquid ammonia by Faraday’s process, 7. e., decomposition of 
AgCl-2NH; and condensation of the ammonia thus formed in 
sealed tubes. 

** The reader will recall that this was the beginning of Cady’s 
senior year in college. 

tt Franklin took this year’s — to engage in chemical work 
for a mining company in Costa R: 

7 BLEEKRODE, Phil. Mag. [5], 5, 384 (1878). 
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two facts in connection with the passage of electricity 
through the tube—one was that the solution became 
blue around the cathode, and the other that it became 
brown around the anode. The blue color he im- 
mediately recognized as metallic potassium, as Gore 
had stated that the alkali metals were soluble in liquid 
ammonia and gave blue solutions. Cady next turned 
his attention to solutions of these alkali metals in 
liquid ammonia. He soon found that sodium dis- 
solved in liquid ammonia was an excellent conductor 
and this led him to speculate concerning the mechanism 
of the conduction. The idea soon occurred to him 
that here was the possibility of decomposing an ele- 
ment. As far as Cady knew there was no other case 
on record where an‘element dissolved and gave a con- 
ducting solution, and in all conducting solutions of 
which he had any knowledge, chemical changes resulted 
from electrolysis. It is not to be wondered then that it 
was with considerable interest, bordering on excite- 
ment, that he undertook a quantitative study of the 
passage of electricity through liquid ammonia solu- 
tions of sodium. He found to his surprise and disap- 
pointment, however, that no decomposition of sodium 
took place—even after passing as many as twenty 
Faradays per gram atom of sodium there was no de- 
composition apparent. The explanation of this phe- 
nomenon was really a more difficult task than the 
more logical “decomposition” of sodium would have 
been. Cady explained it satisfactorily, however, and 
the explanation has stood the test of many careful 
experiments in the years since that day. His reason- 
ing and explanation were as follows: Apparently the 
conduction of electricity in this solution did not follow 
Faraday’s law, but metallic conduction also did not 
follow Faraday’s law. Possibly this was a conductor 
of the first class (7. e., a metallic conductor). Con- 
ductors of the first class are further characterized by 
the fact that no polarization occurs where the current 
enters and leaves such systems. If sodium in liquid 
ammonia is a conductor of the first class, then there 
should be no polarization at the electrodes. This 
was tested out by passing a current through the solu- 
tion, interrupting the current momentarily and ob- 
serving if any back e. m. f., or current in the reverse 
direction, was noted. None was observed and hence 
Cady concluded that the conduction was analogous 
to metallic conduction. 

Cady also showed at this time, while working with 
sodium, that its solutions could be extracted of their 
sodium content by shaking with mercury, forming 
sodium amalgam, and that no mercury passed into the 
liquid ammonia to compensate for the sodium ex- 
tracted. This was undertaken to show, as conclu- 
sively as possible, that sodium existed in these solu- 
tions as metallic sodium and not as a sodium com- 
pound, which might possibly have been formed as 
the result of chemical reaction between sodium and 
ammonia. 

Upon the basis of his knowledge gained thus far, 
Cady presented a paper before the Kansas Academy 
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of Science which met in Topeka on December 31, 1896. 
It appeared on the program as “Water of Crystalliza- 
tion and Experiments with Liquid Ammonia.’’* It 
recounted in a somewhat similar fashion to that pre- 
sented in this paper the beginning of the work in liquid 


ammonia. Cady’s first paper in this field of liquid 
ammonia research was published in April, 1897.9 It 
was entitled ‘‘Action of Liquid NH; on Iodine,” and 
apparently was suggested by the formation of the 
“brownish coloration” at the anode in his electrolysis 
of potassium iodide. His results showed that there 
was actual reaction between iodine and ammonia. 

Cady’s next efforts were directed toward obtaining 
a more exact knowledge of the conductance of salt 
solutions in liquid ammonia. The conductances were 
measured by the usual Wheatstone bridge arrange- 
ment, using the old familiar buzzer as the means of 
securing an alternating current of high frequency and 
pasting strips of paper on his Dewar tubes to cali- 
brate their volume. This arrangement, while crude 
in the light of present-day equipment, served its pur- 
pose and the results which were obtained compare 
favorably with the data obtained later by Franklin 
and Kraus with more elaborate equipment and greater 
precautions. The results of these experiments were 
published by Cady in the fall of 1897 under the title 
“The Electrolysis and Electrolytic Conductivity of 
Certain Substances Dissolved in Liquid Ammonia.’’!° 
His results indicated that many salts were better con- 
ductors at the same concentration when dissolved in 
liquid ammonia than when dissolved in water. He 
suggested that the most probable explanation of this 
increased conductance was a greater ionic mobility 
in the first solvent, a speculation which he and Frank- 
lin later verified. 

In his studies upon salt hydrates Cady had prepared 
some of the hydrates of hydrogen chloride at low 
temperatures. HCl-3H,O and HCl-2H:O were known, 
but HCl-H,O had not been isolated. The fact that HCI 
formed hydrates 
suggested to Cady 
that ammonium 
chloride was in 
effect HCI-NHs, 
1. e., hydrogen 
chloride with one 
mole of ammonia 
of crystallization. 
This in turn sug- 
gested the possi- 
bility that am- 





monium salts in 
general in liquid 
8Trans. Kans. 
Acad. Sct., 15, 38 
(1898). : 
*Capy, Kans. 


Univ. Quarterly, Series 
A, 6, 71 (1897). 





10Capy, J. Phys. 
Chem., 1, 707-138 PROFESSOR KRAUS FROM A RECENT 
(1897). PHOTOGRAPH 
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ammonia would 
have acid proper- 
ties. Cady soon 
tested this out and 
found that ammo- 
nium salts in liquid 
ammonia reacted 
with metallic 
magnesium, liber- 
ating a gas. The 
gas was collected 
and found to be 
hydrogen, 12. eé., 
ammonium salts in 
liquid ammonia 
produce hydrogen 
when allowed to act 
upon magnesium. 
As is well known, 
this is one of the 
characteristics of 
acids in water solution, and hence Cady felt that he had 
confirmed his conjecture concerning the acid character 
of ammonium salts. This property, discovered by 
Cady, suggested other possibilities to Franklin and in 
later years aided him (Franklin) in the development of 
a comprehensive system of compounds in this solvent. 

Cady also recognized at this time the possibility 
of using liquid ammonia solution of sodium as a 
powerful reducing agent. He found that many or- 
ganic compounds, particularly halides, were reduced 
by the solution. Dains'! and his students subse- 
quently developed this procedure as an alternate 
method for the tedious Carius process of determining 
halogen in organic compounds, as the halide is con- 
verted into the sodium salt by the action of the me- 
tallic sodium in this solvent. The student in this 
field will also recall the extensive applications of this 
reducing agent in the hands of Kraus, White, and 
their co-workers. !* 

The years of 1895-97 were thus seen to be particu- 
larly fruitful in the development of this new field. 
These developments, it should be remembered, were 
initiated by a college youth in his junior and senior 
years in an institution but little past the frontier 
stage and hence without large library and laboratory 
facilities. Educators, if they compare the product 
of the modern college with the achievements of this 
senior, need not find in the comparison a sad com- 
mentary upon their efforts. Rather, such achieve- 
ments reflect more credit upon the intellectual ca- 
pacity of a student who is able to give birth to such 
ideas and who possessed the manual ability and tenacity 
of purpose to rear such ideas to the stature of a well- 
formed field of research. 

Cady was graduated from The University of Kansas 
in the spring of 1897. Through the efforts of the 





PROFESSOR CADY FROM A RECENT 
PHOTOGRAPH 





11 Dains, J. Am. Chem. Soc., 40, 936 (1918). 
12 Kraus, tbid., 45, 768 (1923); WHITE and his students, zbid., 


for 1923 and 1924. 
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chemistry department he was offered and accepted 
a scholarship in chemistry at Cornell for the school 
year 1897-98. At Cornell he worked under the di- 
rection of Professor Bancroft. Cady had hoped to 
continue his work on liquid ammonia at Cornell, but 
Bancroft had just finished his book on the phase rule 
and consequently was much interested in the field of 
heterogeneous equilibria. Cady was accordingly set 
to work in this field, became interested in it, and made 
such progress that the following year he was promoted 
to a fellowship. It was during his stay at Cornell that 
he published the paper ‘‘Electromotive Force between 
Amalgams’’!* which contains the equation known to 
workers in this field as “‘the Cady equation,” an equa- 
tion which was subsequently verified by Richards 
and his students.!4 ‘ 

Franklin returned to Kansas the year that Cady 
left, in the capacity of professor of physical chemistry. 
He followed Cady’s experiments with considerable 
interest and, when it became apparent that Cady 
was not able to continue the work in this field at Cornell, 
asked Cady if it would be permissible to continue 
some of Cady’s experiments in liquid ammonia. The 
permission was readily granted and Franklin set to 
work examining solubilities of a number of compounds 
in liquid ammonia. His work soon attracted the 
attention of a student in the engineering school. This 
was Charles A. Kraus, who was at this time (school 
year 1897-98) a senior in electrical engineering. Al- 
though Kraus had elected to study in the field of ap- 
plied science, he had soon become interested in pure 
science. In his junior year, for example, he, together 
with two instructors in the physics department, pub- 
lished an account of the Zeeman effect.!° This was 
one of the earliest studies made of the Zeeman effect 
in this country, being antedated only by the work 
of Professor Michelson of Chicago. 

In the fall of 1897 Franklin and Kraus joined forces 
and decided to undertake a comprehensive survey of 
the solubility of substances in liquid ammonia. As 
a result of their studies they were able by June of 
1898 to submit a paper to the American Chemical 
Journal, containing the record of the qualitative and 
approximate quantitative solubilities of over five 
hundred substances in this solvent. Some of this 
work confirmed Gore’s original observations, but much 
of it was a considerable extension over that of Gore’s 
work. This paper was published in the December 
number of the American Chemical Journal for 1898 
and has been exceedingly useful to all workers in this 
field. This joint paper was followed shortly by three 
others: “Determination of the Molecular Rise in the 
Boiling Point of Liquid Ammonia’ (also in the De- 
cember issue of the American Chemical Journal, 1898); 
““Metathetic Reactions between Certain Salts in Solu- 
tion in Liquid Ammonia’; and “Some Properties of 
18 Capy, J. Phys. Chem., 2, 551 (1898). 

14 Carnegie Inst. Pub. Nos. 56 and 118. 

15 DUNSTAN, RICE, AND Kraus, “The Effect of Magnetism 
upon the Spectral Lines of Sodium,’ Kans. Univ. Quarterly, 
Series A, 6, 77 (1897). 
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Liquid Ammonia.’’ These last two appeared in the 
January, 1899, number of the American Chemical 
Journal. 

Kraus continued on at Kansas after his graduation 
for a year of graduate study and as a result still another 
joint study upon the conductivity of solutions in liquid 
ammonia was made. These measurements were car- 
ried out with more precision than Cady’s original 
measurements, Cady having called attention to the 
fact that his values were only approximate and needed 
revision. The results of this study were published 
in 1900.1¢ 

Kraus left The University of Kansas in the spring 
of 1899 with a record of marked achievement in help- 
ing to open up this new field of research. The reader 
will again notice, if he has not already done so, that 
a very considerable proportion of the work done by 
Kraus was done while he, too, was in his senior year 
at Kansas. Kraus’s interest in liquid ammonia after 
leaving Kansas was not lost and after 
1907 the publications of this inves- 
tigator in this field continue in an 
almost uninterrupted flow until the 
present day. His well-deserved 
place among the foremost chemists 
of the day needs no further mention 
here.* 

In the spring of 1899, Cady, after 
a two-year stay at Cornell, was 
offered an assistant professorship at 
his alma mater and accepted, re- 
turning to The University of Kansas 
in the fall of 1899. By that time 
the studies of Franklin and Kraus 
were well under way and were giv- 
ing promise of many interesting re- 
sults. Cady was eager to renew his 
work with liquid ammonia. After 
talking with Franklin, they decided 
to study the velocity of ionic migra- 
tion in this solvent. It will be re- 
called that Cady had suggested that the increased 
conductance of salts in liquid ammonia was possibly 
due to a greater mobility of ions. It was some 
time before actual work was begun, but finally 
Franklin and Cady started work together upon this 
investigation. Both Franklin and Cady regard this 
work as their most difficult experimental study in this 
solvent. The method which they adopted for their 
study was that of measuring the velocities of moving 
boundaries, the work requiring the placing of three 
solutions together in a tube in such a fashion that a 
sharp and distinct surface of separation occurred be- 
tween the solutions. Only those who have had oc- 
casion to work with solvents of low boiling point can 
appreciate their difficulties. They worked for weeks 





16 FRANKLIN AND Kraus, Am. Chem. J., 23, 277 (1900). 

* The contributions of Kraus and Franklin to this field have 
been well summarized in the reviews of Fernelius 4nd John- 
son appearing in the issues of the JouRNAL OF CHEMICAL EpucaA- 
TION during the period 1928-30. 
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without getting results, even putting in their noon 
hours upon the task that they had set for themselves, 
Mrs. Franklin bringing them their lunches. With 
such persistence, the required technic was at last gained 
and the measurements followed each other in rapid 
succession, their results showing that ionic velocities 
were considerably greater in liquid ammonia than in 
water.!” 

After the completion of this work, Cady started 
work upon his doctor’s thesis. Under Franklin’s 
direction this was finished in the spring of 1903 and 
was a study of concentration cells in liquid ammonia.'® 
* The following year (1903-04) Professor Franklin was 
called to Stanford University, where he has remained 
until the present day. His subsequent researches, 
as well as those of his many students, in the field of 
liquid ammonia are well known. His election to the 
presidency of the American Chemical Society in 1923 
and the awards of the Nichols medal in 1925 and of 

the Willard Gibbs medal in 1932 

are recognition of the worth of these 

fundamental researches. 

Cady became Franklin’s successor 
at The University of Kansas and 
has remained there since. His work 
subsequent to the departure of Pro- 
fessor Franklin has been in several 
fields. His co-discovery, with Mc- 
Farland, of the presence of helium 
in natural gases of Kansas has been 
one of the most outstanding of his 
achievements. In recent years he 
and his students have again turned 
their attention to the field of liquid 
ammonia research, attention having 
been paid chiefly to the electro- 
chemistry of liquid ammonia solu- 
tions and to phase rule studies in 
this solvent. 

From the foregoing pages it is hoped 

' that the idea has been developed that 
due credit should be given to three men for the present 
position of liquid ammonia research in this country—to 
Cady as the initiator of this work; to Kraus as the 
skilled experimentalist and elaborator; and to Franklin 
as the organizer of this body of learning. To all three 
men credit should also be given for their ability as 
teachers. All of them have been able to attract large 
numbers of students to this field. Asa result, many of 
the scientific ‘‘children,’’ “‘grandchildren,” and possibly 


- even “great grandchildren’’ of these men are themselves 


making contributions to this field of learning. 

In the last place it should be said that it would be 
difficult to find a group of three men who were so 
kindly in character, so upright in purpose, and so keen 
in insight as these three founders of this field of re- 
search. To this statement their many students will 
all agree. 





17 CADY AND FRANKLIN, J. Am. Chem. Soc., 26, 499 (1904). 
18 Capy, J. Phys. Chem., 9, 476 (1905). 








HISTORY and OPERATION 
of a CHEMISTRY CLUB 


WALTER Q. BUNDERMAN 


John Harris High School, Harrisburg, Pennsylvania 


Short history of the Priestley Chemistry Club, tts con- 
stitution, requirements of admission, schedule of pro- 
grams for a year, detailed discussions of these programs 
and their operation, and the value of a chemistry club. 


+++ oe + + 


HIS article was not written so much for ex- 

perienced teachers of chemistry as for beginners. 

At one time a beginner myself, I still welcome 
and appreciate the help given by older and more ex- 
perienced members of the profession and frequently 
ask for such help. The literature is often too general 
and not specific enough, especially for beginners. I 
have endeavored to make the present article specific 
and easily applicable 

The Priestley Chemistry Club was organized in 
October, 1926. The chemistry students took the 
initiative by asking whether it would not be possible 
to organize a chemistry club which could meet during 
activity period and take up some interesting subjects 
which could not be fully developed in class. 

Experience has shown that this chemistry club can- 
not, like a nature-study club, select the subjects it 
wishes to study a month or two in advance and then 
proceed with the study. The members are beginning 
the study of chemistry and do not have a sufficient 
knowledge of the subject to select topics or experi- 
ments which can be profitably discussed or demon- 
strated in a fifty-minute period. Since it is not self- 
motivating, the teacher of chemistry is the sponsor 
and motivating spirit. 

Program committees were appointed the first year 
and at the meetings of these committees the members 
tried to plan their programs, but due to a lack of chemi- 
cal experience were unable to do so. This showed 
that the club cannot be absolutely self-motivating. 
As sponsor of the club I was asked to compile a large 
list of subjects in keeping with first-year chemistry 
and then the committee would select from this large 
list the fifteen topics which appealed to them. Our 
programs for the first year developed from this and 
some were of such a nature that it was possible to use 
them in succeeding years because the membership 
of the club changes completely each year. 

At first all chemistry students who applied for 
membership were admitted but in a short time the 
membership had to be limited to the size of the chem- 
istry lecture room which accommodated thirty-five. 

Mid-year graduation presented a new problem. 
In order not to discriminate, it was decided to admit 
an equal number from each group so that the mid- 


year graduation will leave ten June members in the 
club and the June graduation will leave ten mid-year 
members in the club for the following fall. There 
are ten mid-year members in the club at the opening 
of the school term in the fall who were members since 
the preceding February. Fifteen other mid-years 
are admitted before October and ten June members. 
The following February fifteen other June members 
are admitted and ten mid-years so that the full mem- 
bership is thirty-five. It was also noticed that after 
studying chemistry for a half year there are many 
more applicants, which accounts for the fifteen being 
admitted just a half year before they graduate. 

The constitution which follows describes the organi- 
zation and operation of the club. 


CONSTITUTION OF THE PRIESTLEY CHEMISTRY CLUB 

Article I. The name of this club shall be the Priestley Chem- 
istry Club. 

Article II. The purpose of this club shall be to further the 
members’ knowledge of chemistry in an interesting and instruc- 
tive manner. 

Article III. Membership in this club for the first semester is 
limited to twenty-five members from the mid-year class and ten 
members from the June class; for the second semester to twenty- 
five members of the June class and ten members of the mid-year 
class. Prospective members must be students of chemistry, 
interested in the subject, and have the activity period of alternate 
Mondays free. Only the twenty-five or ten, as it may be, having 
the highest average in all subjects the preceding semester and 
applying for membership will be selected from each class. Each 
member must assist in presenting at least one program during the 
year. 

Article IV. Officers and their duties. 

Section 1. There shall be a president, vice-president, secre- 
tary, assistant secretary, treasurer, assistant treasurer, reporter, 
and assistant reporter. 

a. It shall be the duty of the president to preside at all meet- 
ings of the club and perform all other duties common to the pre- 
siding officer. 

b. In the absence of the president, the vice-president shall 
perform the duties of the president. 

c. Itshall be the duty of the secretary to keep the minutes of 
all the meetings, to carry on the club’s correspondence, and in 
the absence of the reporters to see that the news is reported. 

d. It shall be the duty of the treasurer to take charge of the 
money and to keep an account of the same. He shall pay all 
bills that have been signed by the president and secretary and he 
shall give a report at the end of each month. The dues shall be 
collected at the door upon entering. The treasurer checks off 
name as dues are paid to the assistant. 

e. It shall be the duty of the reporter to make a report of all 
activities of the club for publication. 

Article V. Amendments—This constitution may be amended 
at any regular meeting by a two-thirds vote of the members 


present. 
Article VI. By-laws. 
Section 1. Regular meetings shall be held activity period of 


alternate Mondays. 
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Section 2. Dues shall amount to five cents a meeting. 

Section 3. Officers shall be elected in October of each year. 

Section 4. Officers shall be nominated and elected at the 
same meeting. Mid-year seniors, main officers, and June 
seniors, assistants. 

Section 5. Elections shall be by ballot. 
shall be required to elect. 

Section 6. Meetings shall be called to order promptly at 
1:10. Noone to be admitted late. 

Section 7. Any funds in the treasury at the close of the year 
shall become club funds for the following year. 

Section 8. These by-laws may be amended and changed by a 
two-thirds vote of the members present. 

Section 9. Any member absent twice without a valid excuse 
presented to the sponsor before the meetings from which he was 
absent, is automatically dropped from membership unless he was 
absent from school on those days. 


A majority of votes 


In order to set the club in motion a list of require- 
ments and a tentative schedule for the year is posted 
in each home room of the mid-year and June seniors 
during September and February. The list of require- 
ments and the schedule which was used in 1931-32 
follows. 

PRIESTLEY CHEMISTRY CLUB—SIXTH YEAR 


Requirements for admission: 

1. Applicants must be studying chemistry. 

2. Have activity period free to attend meeting second and 
fourth Mondays of each month. 

8. Be willing to participate in at least one program. 

4. Any member absent twice is dropped from membership. 

5. If you are too busy to attend and devote the time while 
attending to club business, please do not apply for membership. 

6. Of those applying for membership, fifteen from mid-year 
class having the highest grades as 12-B’s will be selected and ten 
from the June class having highest grades as 11-A’s. February 1, 
1932, fifteen June members having the highest grades as 12-B’s 
will be admitted. 


1931-32 Tentative Program of Priestley Chemistry Club 


Organization. 

Initiation. 

Motion Picture ‘“Beyond the Microscope.” 

Development of Film—By members. 

Printing of Negatives—By members. 

Motion Picture ‘‘Carbon Monoxide—The Unseen Dan- 


“Pop we 


oq 
2) 
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Liquid Air Demonstration—By Sponsor. 
. Lecture on Iron and Steel—By Mr. Whalen, formerly chief 
chemist of Pipe Bending Works. 
9. Motion Picture ‘“Romance of Glass.”’ 

10. Blowing of Glass Bulbs—Filling and Sealing—By Spon- 
sor. 

11. Analysis of Gasoline—By members. 

12. ‘Relation of Chemistry to Our City Water Supply Sys- 
tem’’—By Mr. Book, Chemist of Water Plant. 

13. ‘Magic Hour in Chemistry’’—By members. 

14. Study of Contents of ‘‘Patent Medicines and Remedies.” 

15. Motion Picture ‘‘Acres of Diamonds and Miles of Gold” 
and ‘‘Industrial Diamonds.” 

16. Radium Discussion—By members. 


> 


PREPARATION OF PROGRAMS 


The president of the club before the close of the 
meeting selects and announces the members who stage 
the next program. The members usually volunteer 
for the program in which they are specially interested. 
They report to the sponsor who gives them the neces- 
sary help to perform their part in the program and 
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they practice until they are able to do it without help. 
This practice is usually activity period, after lunch, 
before or after school. 


DISCUSSION OF PROGRAMS 


The organization meeting involves the election and 
installation of officers which is usually accomplished 
in the forty minutes actually left for the meeting. 

At the initiation meeting one of the newly ad- 
mitted boys is selected by lot, blindfolded, and acts 
as the candidate for the new members. Extreme care 
is taken during initiation ceremony to prevent any 
injury to candidates or members. Five of the older 
club members, with the president, perform this cere- 
mony. 

The use of motion pictures in club work was given 
a thorough trial last year. A very helpful list of sources 
of motion pictures appeared in ‘The First-Year Chem- 
istry Course’ by Pauline G. Beery. The weakness 
of most available films is the advertisement feature. 
The names of some films are also misleading. The 
“Romance of Glass’? sounds enticing but the club 
did not like the picture because it showed so little 
of real glass-making. The most instructive and best 
liked of those appearing in the preceding programs 
were ‘Industrial Diamonds’’* and ‘“‘Acres of Diamonds 
and Miles of Gold.’ Two reels requiring a total of 
about thirty-five minutes proved to be the best com- 
bination. This feature of club work has been suc- 
cessful enough to be retained. 

The operation of a motion picture machine may 
demand the attention of some of the readers. Our 
school is equipped with a 35-mm. Powers projector. 
Any one having a desire to operate a machine can 
easily learn to do so by making a careful study of the 
manual accompanying the machine and the machine 
itself and then getting a little help from a licensed 
operator. After carefully studying ‘‘Operation of 
Motion Picture Projectors,’’® the candidate should 
be ready to take the examination for the Non-theatrical 
Projectionist License given in our state of Pennsylvania 
at Harrisburg or some other designated point under 
the Department of Labor and Industry. There is 
no fee and the license can be renewed every two years 
without charge. ’ 

The film development demonstration is handled by 
three members. A film tank is used which permits 
the development of the film without a dark room. 
This can be obtained from Eastman Kodak Co., 
Rochester, N. Y. One member rolls the film on the 
light-proof apron while the other two prepare and 
use the developing and fixing solutions. The interest- 
ing part of this program is the removal of film from 





1 BEERY, P. G., ‘The First-Year Chemistry Course,” J. CHEM. 
Epuc., 8, 1781-814 (Sept., 1931). 

2 BEERY, loc. cit., p. 1798. 

3 BEERY, loc. cit., p. 1798. 

4 Beery, loc. cit., p. 1808. 

5 Commonwealth of Pa., Dept. of Labor and Industry, “‘Opera- 
tion of Motion Picture Projectors” and ‘‘Regulations for Pro- 
tection from Fire and Panic,” 1930 edition. 
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the developer and actually seeing the pictures in sub- 
dued light before they are placed in the fixing bath. 
Ordinarily the film is fixed by the end of the period 
and then it is washed and dried by the close of school. 
Many members come in after school to examine the 
dried negatives. While the film is undergoing develop- 
ment, one of the members on program discusses the 
chemistry of developing and fixing. 

The printing of the negatives is performed by the 
same group’ which developed the film. By placing 
a heavy black cloth over the door window, the stock 
room was changed into a dark room for printing. The 
developing and fixing is performed according to the 
directions of an ‘‘A B C”’ outfit from Eastman Kodak 
Co. The developing and fixing solutions are prepared 
before the beginning of the period so that the prints 
can be washed and dried before the end of the period. 
The club members are taken into the dark room in 
groups of four or five to watch the exposure and the 
print come up through the developer, which is the 
most interesting part of the printing procedure. After 
the prints are washed they are placed on ferrotype 
tins which have previously been rubbed with ‘‘Peep- 
o-day,”’ a wax preparation to prevent the prints from 
sticking. This can be obtained from any commercial 
photographer. The tins are then placed on a radia- 
tor which dries them in a few minutes and causes the 
prints to curl up. The exposure and developing is 
the only part requiring the dark room. The taking 
of a negative and making a finished glossy print from 
it in one period certainly takes the mystery out of 
photography for many students. 

The developing and printing of a film has proved 
so popular that it has been retained on our club schedule 
each year. The three members that are on the pro- 
gram often teach others and films are developed and 
printed after school for several months following the 
club programs. 

The liquid air demonstration has also proved very 
popular and has been used each year. Liquid air 
plants are becoming more numerous and it is now avail- 
able in almost any average-sized city. The Air Re- 
duction Sales Co. and the Linde Air Corporation are 
the usual competitors. Dewar flasks are expensive 
and frequently break in the hands of operators of 
these plants. Experience has shown that the Stanley 
steel thermos bottle is better for our work. Evapora- 
tion is more rapid than from a Dewar flask but it does 
not break as easily. Two quart Stanley steel bottles 
are given to two of the club members living near the 
plant the preceding afternoon and brought to school 
the next morning. They are loosely stoppered with 
cotton and, when filled at eight o'clock, there is 
enough left to work an entire period beginning at one 
o'clock. 

The most interesting part of this demonstration is 
the mercury hammer. For the past six years the 


writer has taken a small tight pasteboard box with 
a square or round base and filled it with mercury to 
a height of about three to five centimeters. 


Holding 
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a wooden rod in the center for a handle and pouring 
the liquid air on the mercury, it soon freezes it into a 
hammer. The cardboard is easily broken away and 
the hammer is used to drive a nail into a board. Many 
other interesting and instructive experiments can be 
performed, some of which appeared recently in an article 
on “Liquid Air’ by W. P. Cady.® 

Bringing in the city water chemist each year to ad- 
dress the club has become worth while. He usually 
makes certain routine tests on water such as hardness, 
discusses the city water system, and the purification 
of the water. 

Situated in a steel section of the country, it is not 
difficult to get chief chemists to address a chemistry 
club. The speaker gives a general description of the 
work performed at the plant and the products pro- 
duced with special reference to chemical relation. 
These meetings bring the members in contact with 
industry, which broadens their chemical viewpoint. 

Glass work is a part of our field in which we as chem- 
istry teachers are woefully deficient. For years the 
writer has examined college and university bulletins 
for a short summer course in glass work but none has 
appeared. This seems to be a weakness of our higher 
training schools. However, students like to play with 
glass and to satisfy this desire the blowing of glass 
bulbs, filling, and sealing was introduced. Two bulbs 
are made. With the use of a suction pump one is 
filled with concentrated ammonium hydroxide and 
another with concentrated hydrochloric acid and sealed 
inaflame. They are placed in a strong flask, stoppered, 
and then broken by shaking. The appearance of the 
white gas, ammonium chloride, adds interest to the 
procedure. 

In these days of high-pressure salesmanship and 
advertising, the analysis of gasoline becomes intensely 
interesting to students. The apparatus used is the 
type used by the U. S. Bureau of Standards and can 
be obtained from any apparatus company. The dis- 
tillation test is the only test made and the percentages 
are taken at 80°C., 140°C., 200°C., together with 
the dry or endpoint and the percentage of recovery. 
This affords a good method of comparing gasolines 
with respect to some of their properties and every 
chemistry student knows that the boiling point of a 
fraction is usually closely related to the completeness 
of combustion. 

Caution must be exercised in drawing conclusions 
from these tests. No statement should be made as 
to which is the best gasoline but the members ean see 
for themselves which ones have the greater propor- 
tion of the lower boiling fractions. The Department 
of Agriculture and Immigration of Virginia analyzes 
and publishes the results of their analyses of gasolines 
sold in the state. Reprints which are very helpful 
can be obtained from that department. 

The ‘“‘Magic Hour in Chemistry” is taken from an 
article by that name appearing in the ‘“‘Langley Science 


6 Capy, H. P., ‘‘Liquid Air,” J. CHem. Epuc., 8, 1027-43 
(June, 1931). 
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Bulletin’ by C. A. Gorgas, issued in the fall of 1926.’ 
With several changes the program was presented to 
the school as an assembly program in January, 1931, 
and was well received. 

The program dealing with so-called ‘patent’ medi- 
cines and remedies met with instant favor and will 
be retained as a permanent feature of the club. ‘‘Nos- 
trums and Quackery’’® is the source of material and a 
study of the fakes practiced upon the American public 
by charlatans and quacks is an eye opener to most 
students and results in a checking up of medicines in 
the homes. The value of education in this field is be- 
yond question. 

The discussion on radium was unusually interest- 
ing on account of the frequent appearance of radium 
articles in the daily press in relation to cancer. The 
discussion was in the nature of articles on discovery 
of radium, nature of rays, disintegration, and transmu- 
tation of elements, story of radium and its uses, radium 
poisoning, and handling radium in safety. 

Another worth-while practice of the club in normal 
times is visiting industrial plants. The steel plant 
where the complete process from ore to the finished 
rail is in progress, the making of liquid air, carbon 
dioxide, etc., have all proved to be interesting and 
instructive. A group of fifteen or less is usually taken 





7 Goroas, C. A., ““The Magic Hour in Chemistry,” Langley 
Science Bulletin, Oct., 1926, 15-25. 

8 Cramp, ARTHUR J., ‘“‘Nostrums and Quackery,’’ Vol. No. 2, 
American Medical Association, 535 North Dearborn St., Chi- 
cago, Illinois, 1921, 800 pp. 
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and in many cases, as in the steel mills, only boys 
over sixteen and at their own risk are permitted. 


VALUES 


A chemistry club has a place and a duty to per- 
form in a high school. It has helped to increase the 
enrolment in chemistry, which is an elective study, 
at a more rapid rate than the increase of high-school 
population. Programs given in assembly help to 
advertise the chemistry department and apparently 
make students more anxious to elect the subject. 
Usually the ones interested in the subject are mem- 
bers and many of them are so enthused that they major 
in chemistry in college. It serves as a common meet- 
ing ground for the bright students of different sec- 
tions. Our school paper, which is published bimonthly, 
gives the club a fine write-up on each program and ad- 
vertises it. It has developed into one of the most 
active clubs in the high school. There is no other 
agency which supplements class work for students 
above average more than the chemistry club. The 
vocational program given in alternate years serves as 
a guide for many students intending to pursue the sub- 
ject further. During the five years of the American 
Chemical Society essay contests, members of this club 
won one first prize in the state and two honorable 
mentions. Like many other educational ventures, its 
value cannot be accurately measured, but the writer 
believes that the results obtained more than justify 
the time and energy required of the sponsor and mem- 
bers of this extra-curricular activity. 





A SIMPLE REVERSIBLE 
PHOTOCHEMICAL EXPERIMENT 


I. W. GROTE ann J. H. BARNETT 


University of Chattanooga, Chattanooga, Tennessee 


A mixture of sodium nitroprusside, sodium bicar- 
bonate, and thiourea in aqueous solution will develop 
an intense blue coloration when exposed to sunlight for 
a few minutes. The blue solution changes to a deep 
crimson when placed in darkness for a few hours. It 
again becomes blue when returned to the sunlight. This 
alternate color change will take place an indefinite num- 


++ + 


LTHOUGH many reversible photochemical reac- 
A tions are known, not many are suitable for use 

as elementary chemical experiments. Most of 
them go in one direction or the other at a very slow 
rate, or the change is not easily apparent to the un- 
skilled observer. Thus the reaction 


light 
I, + H,O0 ———== 





2HI +0 


darkness 





ber of times (until the active ingredients are decomposed). 

The reaction goes at a much slower rate in the absence 
of the bicarbonate. 

By preparing a series of tubes, in each of which a dif- 
ferent one of the ingredients is missing, an experiment 
is offered illustrating both a reversible photochemical 
reaction and the action of a catalyst. 


+~+ + 


although involving a color change, goes very slowly 
from left to right under normal conditions. 

The following simple experiment is suitable either 
for a lecture demonstration or as a laboratory experi- 
ment in general chemistry. 

The solutions required are: 20 cc. of freshly pre- 
pared 0.5% sodium nitroprusside (to be kept in an 
opaque bottle); 20 cc. of saturated sodium bicarbonate ; 
and 20 ce. of 0.5% thiourea. 
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PROCEDURE 


Four test tubes are numbered and placed in a rack 
so that equal exposure to light may be secured. 

In tube 1 is placed 5 cc. each of the three solutions, 
nitroprusside, bicarbonate, and thiourea. In tube 2 
is placed 5 cc. each of the nitroprusside and bicar- 
bonate solutions only. In tube 3 is placed 5 cc. each 
of the thiourea and bicarbonate solutions only. In 
the last tube 5 cc. of nitroprusside and 5 cc. of thiourea 
solution are mixed. 

The four tubes are then placed in the sunlight for 
from four to six minutes. A blue color will form 
quickly in 1 and slowly in 4, 2 will darken slightly, and 
3 will remain unchanged. The reaction will proceed in 
ordinary light, but at a much slower rate. 

The tubes are removed from the sunlight as soon 
as 1 and 4 are distinctly blue, and 5 cc. of thiourea 
solution is added to 2. A blue coloration will take 
place quickly without the aid of further exposure to 
light. Five cc. of nitroprusside solution is then added 
to 3. The blue color will not be formed in this case, 
showing that the sunlight does not cause any change 
with thiourea in bicarbonate solution. 

The tubes are now placed uncorked in total dark- 
ness for a period of three to six hours or more. Upon 
removal it will be noted that tubes 1 and 2 have changed 
to a deep crimson, 4 will be blue and practically un- 
changed, while tube 3 will still be colorless, although all 
the necessary reagents for the reaction have been 
present for several hours. 

If 5 ce. of bicarbonate solution is added to 4, the 
blue color immediately takes on a purplish tinge, and 
if kept in the dark the color will be decidedly red after 
about one-half hour, showing that the tube ‘stored 
darkness” even though it was not apparent, as in 1 
and 2, until the bicarbonate addition. 

All the tubes are then re-exposed to sunlight and 
the blue coloration will immediately form in each, 
since all the reactants are now present in each tube. 
Another period of darkness will bring the red, etc., 
until finally the active ingredients are decomposed, 
due to side reactions. If too long exposures to sun- 
light are avoided after the blue color is produced, 
the reaction may be reversed 12 to 20 times. If the 
solution is placed in a completely filled, sealed container, 
the change blue to red will fail to take place after sev- 
eral times, showing that the presence of air is neces- 
sary, probably for the spontaneous re-oxidation of the 
iron previously reduced by the action of the sunlight. 


DISCUSSION 


This reaction was first described by one of us in 
a recent paper and full details may be found therein.! 
The exact chemical reaction involved is still unknown, 
but the alternate change blue to red is most likely 
caused by alternate valence changes in the iron atom, 
probably from the divalent state in the light to a 
trivalent state in the dark. 


1 Grote, ‘‘A New Color Reaction for Soluble Organic Com- 
pounds,” J. Biol. Chem., 93, 25-30 (Sept., 1931). 
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Sodium nitroprusside (sodium nitroferricyanide) so- 
lution, after several days’ exposure to indirect light, 
or a few hours to direct sunlight, changes from a cherry 
red color to yellow, then green, and finally Prussian 
blue coagulates out and the solution may be filtered 
to yield a yellow-brown filtrate. During the reac- 
tion in the light a strong odor of cyanide is present 
and bubbles of nitrogen are given off. This final 
solution gives the intense blue color with compounds 
of the C=S type very rapidly even in the dark. 

If placed in the dark without filtration for a few 
weeks, the light-treated solution will go back to the 
original cherry-red color, and no longer react with 
C=S, but will again do so after re-exposure to light. 

A solution giving this blue coloration with thiourea 


instantly, without action of light, may be prepared by 


dissolving 0.5 g. of sodium nitroprusside in 10 cc. 
water and adding 0.5 g. of hydroxylamine hydro- 
chloride, followed by 1 g. of sodium bicarbonate. 
After evolution of gas has ceased, 2 drops of bromine 
are added. Excess bromine is then removed by aera- 
tion, the solution is filtered and the dark greenish or 
blackish brown filtrate made up to 25 cc. with water. 
This solution behaves like that prepared by exposure 
of nitroprusside to sunlight, and is stable for about 
two weeks. 

The blue coloration is formed not only with com- 
pounds containing the C=S group, but also with 
compounds containing N=S (as sodium thiocyanate), 

=S§, (as sodium thiosulfate), and probably in general 
by the type E=S, where E is any single non-metallic 
element. We have not been able to obtain the color 
change, blue to red, when left in darkness, except with 
thiourea derivatives. The reaction is extremely deli- 
cate in the case of thiourea, a distinct blue colora- 
tion being obtained in a dilution of 1:100,000 or more. 

For freshman classes, a simple explanation of the 
chemistry involved in the reaction can be made by 
stressing the reducing action of sunlight upon ferric 
compounds, as illustrated by blueprint paper, in 
which a mixture of potassium or sodium ferricyanide 
and ferric ammonium citrate are involved. Since 
sodium nitroprusside is more correctly called sodium 
nitroferricyanide, the analogy is very close. The 
change from blue to red taking place in the dark (in 
the presence of air) can be assumed to be simply a re- 
versal to a more stable oxidized form of iron. 

The importance of a catalyst in speeding up the 
rate of a reaction is well illustrated by the rapid rate 
of coloration of tube 1 as compared to tube 4 when 
exposed to light. The failure of tube 4 to pass over 
to the red color in the dark, and the rapid change tak- 
ing place, even in diffused light, when sodium bicar- 
bonate is added, also emphasizes this catalytic rdle. 

Numerous modifications of the experiment easily 
suggest themselves, and the very lack of informa- 
tion as to the actual chemical reactions involved in 
such striking color changes will doubtless make it 
even more interesting to the advanced or scientifically 
curious student. 

















The SECOND LAW and ENTROPY. 





II. 


IRREVERSIBLE PROCESSES 


The concept of entropy, developed from the second law 
as a fundamental postulate, is extended to the considera- 
tion of irreversible processes. 


+++ ++ + 


N A previous paper! the writer stated the second 
law of thermodynamics in the form: heat cannot 
be converted into work without compensation; 

and with this as a fundamental postulate showed that 
there exists a property of a body or system known as 
its entropy, which is determined completely by the 
variables which define the state of the body or system. 
Thus, if S represents the entropy of the system under 
consideration, and x1, Xe, x3, ...are the variables which 
completely define the state of the system, 


Ss = f(x, Xe, X3, eee) (1) 


It was shown also that for a reversible path of change 
in state, 


TdS = dQ (2) 


Hence if A and B represent the initial and final states, 
respectively, of a system undergoing a change in state, 
we can write for the change in entropy which accom- 
panies this change in state by a reversible path, 


Sa — Sa = f(x, %2, ...)Ba — fl, %,...)a = IF (3) 


It is proposed, in the present paper, to extend the 
concept of entropy to the consideration of irreversible 
processes. 

There are two kinds of irreversible processes. (1) 
Those which become reversible in the limit as, for 
example, the expansion of a gas against a pressure 
differing by a finite amount from the gas pressure; 
or the flow of electricity through a voltaic cell. Such 
processes are conditionally irreversible. (2) Natural 
spontaneous processes. Irreversibility is inherent in 
such processes so that it is not within our power to 
render them reversible by any alterations in conditions 
whatsoever. Such processes are said to be intrinsically 
irreversible. 

Some such intrinsically irreversible processes are: 
the flow of gas into a vacuum; the flow of heat from 
a hotter to a colder body; the diffusion of gases into 
each other; the production of heat by friction; chemi- 
cal reactions which proceed with a finite velocity. It 
will be instructive to show for one of these processes 





1CaNTELO, “The Second Law and Entropy,” J. CHEM. 
Epuc., 8, 2198 (Nov., 1931). 


R. C. CANTELO 


University of Cincinnati, Cincinnati, Ohio 
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that it is impossible to reverse the process completely, 
so that both the system and its surroundings are in 
their initial states. We shall choose the flow of heat 
from a hotter to a colder body. 

Let the initial state be A, and the final state, B. 
In the initial state, A, we have two bodies, K; at a 
temperature 7}, and Ke at a temperature 72; 7; > 
Te. A finite quantity of heat Q is allowed to flow from 
K, to Ke to give state B. K, and K are so large that 
the transfer of the quantity of heat, Q, does not change 
the temperatures of K,and Ke. By means of a reversed 
Carnot’s cycle we may take the quantity of heat 
Q- from Ke and by the expenditure of the amount of 
work W_, upon the gas used as the working fluid, de- 
liver the quantity of heat Q, + W, to Ky. Finally, 
by means of the reversible isothermal expansion of a 
gas, let us take the quantity of heat W_ from K, and 
convert it into the equivalent amount of work W,. 
Then K, and K, are in their initial state, A, but some- 
thing else has happened: the gas which was used in 
the reversible isothermal expansion by which the 
quantity of heat, W_, was converted into the equiva- 
lent quantity of work, W,, has undergone a change in 
state from an initial state defined by #;, V; to a final 
state defined by po, V2. Hence the flow of heat from 
a hotter to a colder body is an intrinsically irreversible 
process. 

It can be shown that of all heat engines working with 
the same fixed temperatures of “source” and ‘‘sink,” 
a reversible engine is the most efficient. The proof 
rests upon the reversibility, in the ordinary sense, 
of the reversiblé engine. 

In the previous paper, it was shown that the efficiency 
T; — Te 
: T: 
and T> are, respectively, the fixed temperatures of source 
and sink. Hence, if Q:- be the quantity of heat ab- 
sorbed at the temperature 7; by an engine operating 
in a Carnot’s cycle with an element of irreversibility, 
and Qo, be the quantity of heat rejected at the tem- 
perature 7», the efficiency of the cycle will be less 
than that of the reversible one for the same tempera- 
tures, J; and 7». That is, 


Q- — Qe Ti — Te 
Q- oie T; (4) 


We can now extend our treatment to any irreversible 
cycle. We imagine that at various stages of the cycle, 
the heat elements 691, 5q2,.. .6g, are absorbed from reser- 
voirs at the temperatures 7), 7>2,...7|, and the heat 


of a reversible engine is equal to , where 7} 
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elements 6g:’, 5q2’,...6g,’ are rejected to reservoirs 
at the temperatures 7;’, T2’,...7,,’. Some of the 6q’s 
may be zero. We imagine in addition an auxiliary 
source at a temperature T, where T > 74, T2,...T,, 
and an auxiliary sink at the temperature 7’, where 
T’ < Ty’, T2’,...T,'. Then, by proceeding in the 
same way as we did for the general reversible cycle, 
we can show that 








bg, qe 5gn — qi’ , Sg2’ 8gn’ 
C7, ny Sa eee 
2n 
S B<o (5) 
T; 
i=1 
O* 


We are in a position, now, to determine the change 
in entropy associated with an irreversible change in 
state. Let us consider a cyclical process ABCDA, 
in which ABC represents an irreversible change in 
state, and CDA a reversible path. For the cyclical 
process, the inequality (5) holds; for the reversible 
path CDA, however, we can write 

A 


: 4 
>. < I; F on = S,—Se (6) 
C T; ee 


where S, and Sc are the respective entropies in states 
A and C of the system undergoing the reversible change 
in state C —> A. 

Then for the path, ABC, we have 


C 5g, 
re Ne 


Ff x ma (Sa — Sc), 
A i 
that is 
C. 8g; 
> z= Se-Sa-o (7) 
A , 
where o > 0. Then 
c 
6g: 
= (8) 
a> 2a ¥ 


An irreversible change in state, therefore, is accom- 
panied by an increase in entropy which is greater than 
that corresponding to the quantity of heat absorbed 
during the irreversible process. The system itself 
in some way generates entropy. We may write the 
inequality (8) as follows: 


TidS; = 69; + ¢ € > 0 (9) 


dS; represents the change in entropy of the system in 
the (¢ + 1)th and 7th states of the system, these states 
being infinitely close together, and 6g; represents the 
heat element absorbed at the temperature, 7, along the 
infinitesimal irreversible path connecting these states. 
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We saw, previously,! that a reversible process 
consists of an infinite number of equilibrium states, 
infinitely close together. Speaking mathematically, 
there is an infinitely slow change of the state variables, 
allowing the system to pass through all intermediate 
states of equilibrium. Thus, if the state variables are 
1, X2,...x,, we have for an infinitesimal reversible 
change at the apse is 


oS 


dQ _ 
edn + ax, 


T - 2 > de +...+ 


dx, (10) 


or 


n 
dQ -> [ra] (11) 
Hence, dQ for a reversible process is an inexact dif- 
ferential expression in x1, X2,...%,. 

On the other hand, in an irreversible process the 
values of the thermodynamic variables which hold 
for the initial state of the system are altered to those 
which hold for the final state im a short time. There 
is no continuous change of %, %2,...x,. So that 6g, 
the heat element absorbed during an infinitesimal 
stage of an irreversible process, catinot be expressed 
as an inexact differential of the state variables. 

Since for every irreversible process TdS > 6g, and 
since natural spontaneous processes are intrinsically 
irreversible, we can draw an important conclusion for 
irreversible changes in an isolated system. An iso- 
lated system is one for which an exchange of heat or 
work with the surroundings is an impossibility. For 
an isolated system 6g = 0, and, therefore TdS > 0; 
in other words, a small irreversible change in an iso- 
lated system is attended by an increase in the mag- 
nitude of that property of the system known as its 
entropy. Similarly, for a reversible change in an 
isolated system TdS = 0. For such a small reversible 
change in an isolated system the entropy of the system 
remains constant. 

A statement of the second law of thermodynamics 
is sometimes given as follows: Every process occurring 
in nature is accompanied by an increase in the entropy 
of the isolated system in which the process takes place. 

In chemical thermodynamics, however, we are not 
dealing with isolated systems. Chemical processes 
occur in systems surrounded by a medium, for exam- 
ple, air, the containing vessel, etc. In chemical ther- 
modynamics it is preferable, therefore, to take as our 
criterion of a reversible process, the relation TdS = 
dQ, and for an irreversible one, TdS = 6g + ¢€. That 
is, in an irreversible change, the heat absorbed from 
the surroundings is less than corresponds to the increase 
in entropy. 





The remaining articles in the series by Miss Weeks on “The Discovery of the Elements” 
which has appeared in the issues of Volume 9 of THis JouRNAL will be 
published in Volume 10, beginning with the February number. 

















An IMPROVED BOILING- 


POINT APPARATUS 


HERBERT L. DAVIS 


Cornell University, Ithaca, New York 


An improved modification of the Cottrell boiling-point 
apparatus has been devised and has given complete satis- 
faction in various student laboratories. A conclusive test 
for superheating shows the apparatus to be free from 
this fundamental and persistent error. Tests of the 
apparatus have shown it is capable of duplicating the 
accepted values for the pressure-temperature curve of 
water from 25° to 100°. Even more severe tests show 


++ + 


HE theoretical treatment of the relation between 

the molecular weight of a dissolved substance 

and the rise in boiling point produced has been 
adequately covered for the dilute solutions and the 
general case, although there are certainly some fac- 
tors which become of importance in the more con- 
centrated solutions and whose real nature is as yet 
only dimly guessed. But even for the most favorable 
systems there is still a chance for improvement in the 
experimental method of determining the boiling points. 
Recently an apparatus was devised to give more re- 
liable results with this determination and the present 
paper is an account of the development of this apparatus 
together with a discussion of some severe tests to which 
it has been submitted. The apparatus has proved 
itself well adapted for general student use as well as 
for more refined research applications. 

Following the work of Beckmann in the design of 
the differential thermometer and of a boiling-point 
apparatus, various schemes were proposed for the 
determination. The most adequate of these was that 
of Cottrell who realized that reliable results cannot 
be expected from any method which immerses the 
bulb of the thermometer directly into the mass of the 
boiling solution. The reason for this is that there is 
always more or less superheating of a liquid in contact 
with a hot surface before the bubbles of vapor actually 
form and rise through the solution. This question 
of superheating is the one which requires more atten- 
tion than any other in the determination of the boil- 
ing points of aqueous solutions and it seems to arise 
from two principal causes. The first of these is an 
inherent reluctance of the liquid in contact with the 
heating surface to form bubbles of vapor. A common 
remedy for this is the introduction of large roughened 
surfaces. A second cause is the fact that bubbles 
formed 3.5 cm. under the surface of water will be 
about 0.1° hotter than if formed at the surface. The 


principal problem in the design of a boiling-point ap- 
paratus is the removal of this superheating, bringing 
the solvent vapor into true equilibrium with the solu- 
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reliable results for concentrated solutions of lactic acid 
and of silver nitrate over a temperature range but slightly 
more restricted. 

A convenient arrangement is described for the deter- 
mination of boiling points at any desired pressure such 
as 760 mm. 

The new apparatus is, therefore, suitable for student 
use as well as for research investigations. 


+~+ + 


tion under no hydrostatic head. This problem be- 
comes even more important when one considers the 
work of Gerlach,! who showed that the boiling point 
of a solution is affected greatly by the material of the 
vessel used and the character of the heating surface. 
Furthermore, the effect of various salts on the super- 
heating in a given vessel was found to be quite erratic 
and unpredictable, certain salts increasing it, certain 
ones having a constant effect, while in others the super- 
heating decreased with increasing concentration of 
the salt. If salts do thus change the superheating of 
a solution in an unknown and specific way, it is un- 
safe to assume that this is a constant error throughout 
a set of determinations, and the only apparatus that 
may be used for such experiments is one in which there 
is no superheating of the pure water, or at least one 
in which this superheating is completely removed. 
In the apparatus of Cottrell which was at once 
greatly improved by Washburn and Read? the attempt 
was made to relieve this superheating and to achieve 
equilibrium by causing bubbles of vapor to pump 
plugs of solution through a pump tube which dis- 
charged on the bulb of a Beckmann thermometer. The 
thermometer bulb was thus covered continually by 
a falling film of solution in contact with the vapor. 
In a number of such designs of apparatus it has 
been assumed that equilibrium conditions are achieved 
because the temperature remains constant. It is 
obvious that this condition may be fully realized if 
there be merely a constant amount of superheating 
of the vapor. Apparently Bancroft and the writer® 
were the first to devise a test for the existence and 
magnitude of this error. In essence this test depends 
on the fact that if any such boiling-point apparatus 
truly removes the superheating from a pure solvent, 


1 GERLACH, “Boiling Points of Salt Solutions and Comparisons 
of Boiling Points with Other Properties of Salt Solutions,’ Z. 
anal. Chem., 26, 413-530 (1887). 

2 WASHBURN AND Reap, ‘‘The Laws of Concentrated Solu- 
tions. VI. The General Boiling-Point Law,’ J. Am. Chem. 
Soc., 41, 729 (1919). 

3 BANCROFT AND Davis, ‘‘The Boiling Points of Aqueous 
Solutions,’”’ J. Phys. Chem., 33, 591 (1929). 
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the thermometer reading will be the same whether 
the thermometer is immersed only in the vapor or is 
covered by a film of liquid solvent in equilibrium with 
that same vapor. Measured by this test an apparatus 
such as that proposed by Mathews‘ was found to give 
a reading 0.4° higher when the thermometer was im- 
mersed in the boiling water than when the thermometer 
was raised so that its bulb was in contact with vapor 
only. The internal electric heating of this apparatus 
is not suitable for aqueous solutions of electrolytes 
because of the inevitable electrolysis. By this test 
also the modified Cottrell apparatus was found to give 
readings from 0.03 to 0.04° higher when water was 
pumping over the thermometer bulb than when the 
pump tube was stoppered and the bulb was in contact 
with steam only. This means that, although this 
apparatus is very much better than any form in which 
the thermometer dips into the mass of the liquid, 
it is still not completely satisfactory. The present 
modification of this apparatus does achieve com- 
plete equilibrium, as is shown by the fact that the ther- 
mometer reads the same whether the pump tube is 
operating or is stoppered. 

These differences of temperature may appear small, 
but if one considers that 0.03° may be three to four 
times the temperature rise to be observed in a dilute 
solution, their importance becomes manifest. Fur- 
ther, it cannot be argued that this superheating is a 
constant error entering into all the determinations 
as more salt is added. Experience in this laboratory 
has shown that this error is not a constant one but 
that salts do change the magnitude of this effect. It 
is obviously unwise, then, to start with a known error 
of unknown magnitude and to carry out a set of de- 
terminations in which that error is changing in an 
unknown manner. The only remedy is to start with 
a system in which that error is absent, that is, to start 
with a system in which the superheating is effectively 
removed and a true equilibrium is attained between 
the vapor and the pure solvent. Only thus can equi- 
librium between vapor and solution be assumed. In 
what is said here we have in mind especially the prob- 
lem of aqueous solutions, those most often used for 
class demonstration and student experiments. In the 
case of the organic solvents the superheating is much less 
of a problem and it is quite possible that the new appara- 
tus will give results not far different from older forms. 
By using a design which succeeds with the most difficult 
solutions, one can assure accuracy in the simpler systems. 

In the modified Cottrell apparatus the pump tube 
was a funnel inverted and suspended near the bot- 
tom of the vessel. Bubbles of steam carried up plugs 
of liquid on the air-lift or percolator principle through 
a Y-tube with the tops curved inward to throw the 
liquid and vapor upon the thermometer somewhat 
above its bulb, the liquid running down over the bulb 
to return to the mass of liquid. The pump tube was 





4 MaTHEWws, “‘‘Electrical Heating as a Means of Prevention of 
Superheating of Liquids,” 
81-90 (1911). 


Trans. Am. Electrochem. Soc., 19, 
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sealed to and supported by an inner glass cylinder 
sheath which protected the thermometer from exter- 
nal temperature changes and had holes at the top for 
the escape of steam to the outer main vessel which in 
turn connected to the condenser. An ordinary con- 
denser and withdrawal tube completed the apparatus, 
rubber stoppers or ground glass joints being employed 
as the purpose and purse of the user dictated. 

It was believed that the failure of the Cottrell ap- 
paratus to remove superheating completely is due pri- 
marily to a too brief contact with an insufficient amount 
of the liquid as well as to the hydrostatic head under 
which the vapor bubbles are formed. To remedy these 
defects the superheating is in part relieved by causing 
the bubbles to pass freely through a large mass of the 
solution before entering the pump, the rest of the 
superheating being then removed in that tube. For 
this purpose the pump tube was shortened and the 
funnel lengthened so that vapor bubbles after pass- 
ing freely through about half the liquid are caught in 
the pump. This modification resulted in complete 
removal of all superheating from pure water, true 
equilibrium conditions being achieved. 

Various designs have been developed and have 
finally led to the one shown in Figure 1 as the most 
generally useful.* This involves a raised position of 

. * For aid in the design of the apparatus and for its construction 


I am deeply indebted to Mr. A. L. Brandt, the skilled glass blower 
of the Baker Laboratory of Chemistry, Cornell University. 
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the funnel portion of the pump tube and an elongated 
portion to catch as many bubbles as possible. The 
funnel should be made as large as can conveniently 
be placed inside the main tube since escaping bubbles 
do no pumping. Experience has shown that a single 
arm pump tube as shown is as effective as the Y-tube 
of the older apparatus, is easier to make, and is very 
much less fragile. The purpose of the bulb blown 
in the main tube is to minimize volume changes of the 
solution with heating and with additions of salt as 
these volume changes do have a slight effect on the 
readings obtained. Ordinarily the apparatus will be 
filled so that the liquid when hot shall come about 
to the outlet of the sheath tube, the size shown re- 
quiring about 70 cc. 

Sealing the condenser to the main tube makes an 
awkward and fragile apparatus and where rubber stop- 
pers are to be avoided ground glass joints are pre- 
ferred. The outer apparatus may well be of Pyrex, 
the pump tube of ordinary soft glass, and the con- 
denser an ordinary 20 cm. condenser. If the soft glass 
condenser be ground into the main tube it will be 
found that its greater expansion will make with the 
Pyrex apparatus an especially firm, tight joint. The 
sheath tube may well have near the top one or two 
holes for the escape of steam and the apparatus should 
be set up so that the pump tube is on the opposite 
side to the reflux from the condenser. 

Smoother operation is achieved with the help of 
some of the standard anti-bumping devices. After 
trying out indentations in the bottom of the main 
tube, and various objects such as beads, silicon car- 
bide crystals, and boiling tubes, we find that most 
effective of all is to seal through the wall of the ap- 
paratus a short length of platinum. This is heated 
directly by the flame of a small-sized burner and makes 
for excellent bubble formation and quiet boiling. It 
is convenient to hold the apparatus by a suitable 
clamp. Below it a piece of asbestos board is placed 
on a ring and the flame plays on the apparatus through 
a 1-cm. hole in this board. An asbestos cylinder sur- 
rounding the burner and a glass cylinder around the 
main apparatus minimize temperature fluctuations 
due to stray air current. 


FURTHER TESTS AND APPLICATIONS OF THE APPARATUS 


Since this apparatus was first designed and used for 
the determination of the boiling-point rise due to com- 
mon salts in aqueous solutions, it has been in constant 
use in the regular laboratory sections in physical 
chemistry at Cornell with perfect success. This ex- 
perience has been confirmed by a number of other 
laboratories.* Students achieve very satisfactory re- 
sults with the apparatus, find it durable and convenient, 
and obtain constancy and reproducibility of results, so 





* For about two years the Fisher Scientific Company has been 
making and selling a satisfactory form of this apparatus. 
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that their instructors report that the determination of 
molecular weights by boiling-point elevations is one fea- 
ture of the laboratory which is adequately provided for. 

In addition to serving these student needs, the ap- 
paratus has been applied to research problems in which 
the tests have been quite severe. Mr. A. L. Avens 
and Mr. W. B. Kunz of the Cornell Laboratory have 
attached such an apparatus to a manometer. By 
means of a vacuum pump the whole system is evacu- 
ated, heat is applied, and boiling achieved with pure 
water as low as 25°. Good agreement with the ac- 
cepted values for the pressure-temperature curve of 
water is realized over the entire range of 25-100°. 
We know of no equally simple and accurate method 
of determining these values for any pure solvent. 

An even more exacting test has been the use of 
aqueous lactic acid solutions of concentrations up to 
twenty per cent. Such systems are notorious for 
terrific bumping even in open beakers. The use of 
the platinum wire has minimized this and has per- 
mitted pressure-temperature runs on such systems 
from 25° to 100°. Below 40° the boiling is not quite 
so steady as could be wished in these lactic acid solu- 
tions, but above 40° the constancy of the reading is 
quite satisfactory. An easier problem was met in the 
case of silver nitrate solutions, the data for which will 
be published later by Mr. Avens, while Mr. Kunz will 
report on the lactic acid solutions. 

We have made another arrangement of the apparatus 
that will interest many people. It was desired to 
measure the boiling-point rise of some fairly concen- 
trated aqueous salt solutions without the necessity 
of correcting for the varying barometer. Duplicate 
sets of apparatus were joined through their condens- 
ers to a common three-liter bottle provided also with 
a tube carrying a stopcock. Both pieces of apparatus 
were filled with water, heated to boiling, and the tem- 
perature readings taken, the whole system being 
open to air. From the observed barometer reading 
it was possible to calculate for each Beckmann what 
the reading would be if the external pressure were 
760 mm. In the actual runs one apparatus was filled 
with water and the other with the salt solution. After 
both were heated to boiling, pressure was applied 
through the stopcock until the, apparatus containing 
only water showed the reading calculated for 760 mm. 
The reading on the other thermometer minus the 
reading calculated for 760 mm. gives the rise in boiling 
point due to the solute present—in a system very 
definitely boiling under 760 mm. pressure. It is not 
generally realized that a thermometer thus used is 
far more sensitive than the ordinary barometer as a 
pressure indicator. This procedure avoids the neces- 
sity of correcting for change in the barometer and is 
probably the most accurate method of determining 
the boiling-point rise in solutions. Data for some 
salt solutions will be reported later by Mr. L. P. Gould. 











STUDIES in the PRECIPITATION 
of the COPPER and TIN GROUPS 
USING HYDROGEN SULFIDE 


LEO LEHRMAN* 
The City College of the City of New York 


I. The Influence of Increasing Concentrations of Ammonium Chloride on the Complete 
Precipitation of Lead and Cadmium Sulfides at 0.3 N HCl Concentration 


The original purpose of this work was to determine 
whether or not the individual metals of the copper and tin 
groups could be separated as their sulfides by varying 
the acidity of the solution. It was found that all the 
metals, except As, precipitate as sulfides in more than 
one different acid concentration. Furthermore, appre- 
ciable amounts of Pb+*+ and Cd*+* are not precipitated 
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INTRODUCTION 


N THE separation of the metals of the copper 

and tin groups from those of the ammonium 

sulfide group, the concentration of sulfide ion is 
controlled by the acidity of the solution. As the 
solubility products of the individual sulfides of the 
copper and tin group metals are different, the con- 
centration of sulfide ion necessary to precipitate them 
varies. There is a maximum hydrogen-ion concentra- 
tion at which these metals can be quantitatively pre- 
cipitated by sulfide ion. These values have been calcu- 
lated from experimental data.! Using this informa- 
tion the first point determined was whether or not the 
individual metals of the copper and tin groups could 
be separated as their sulfides by adjusting the acidity 
of the solution. 

It was noted that appreciable amounts of Pbt* 
and Cdt*t* escaped precipitation by H2S in a 0.3 N 
acid solution containing NH,Cl. Inasmuch as the 
behavior of these two metals is different from that 
of others of the copper and tin groups, a study of their 
precipitation, when alone, by H2S at 0.3 N HCl con- 
centration containing varying amounts of NH,Cl was 
carried out. 


EXPERIMENTAL 


PRECIPITATION OF A SOLUTION CONTAINING ALL THE 
COPPER AND TIN GROUP METALS BY HeS AT VARIOUS 
H* CONCENTRATIONS. A solution containing 100 mg. 
of each of the metallic ions of the copper and tin groups, 
tin in the stannic condition (from solid SnCl,-5H,O), 
was evaporated just to dryness. The residue was dis- 





* HAROLD WEISSBERG, of the College of the City of New York, 
is co-author of Part III of this paper. 

1 Faves, “Inorganic Quantitative Analysis,” 
The Century Co., New York City, 1925, p. 248. 
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by HS at 0.3 N acid concentration when the solution 
contains NH,Cl. When separate solutions of these two 
metals containing NH;,Cl are precipitated by H2S at 
0.3 N HCl concentration as much as 25 and 30 mg. of 
lead and cadmium, respectively, escape precipitation. 
The behavior of these two metals is apparently due to salt 
effect or complex-ion formation with NH,Cl. 
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solved in concentrated (12 N) HCl and had a volume 
of 100 cc. H2S was then bubbled through the solutiont 
which, when apparently completely precipitated, was 
filtered and the filtrate tested to prove complete pre- 
cipitation. The residue was then analyzed for metallic 
ions. The filtrate was diluted with water to make a 7.5 
N concentration of HCl and the process repeated. This 
procedure was again repeated on the filtrates after 
adjusting them to the following HCl concentrations: 
3.7 N, 2.5 N, 0.7 N, 0.3 N, 0.2 N, 0.1 N, 0.05 N, 0.01 N, 
0.005 N, and alkaline with NH,OH. As the volume 
would be too large by just diluting with water, the 
filtrates after precipitation at 3.7 N HCl were boiled 
to drive out the HS, neutralized with NH,OH, then 
made just acid with HCI and the proper amount of 
either concentrated (12 NV) or 3 N HCI added so that 
the resulting solution would have the correct acid con- 
centration on dilution with water to 100 cc. Table 
I gives the results of the analyses of the precipitates. 
TABLE I.—ANALYSES OF PRECIPITATES OBTAINED AT DIFFERENT HCL 
CONCENTRATIONS 


Concentration of HCI Metals Found 

] Hg, Cu (small amount), As 

Hg, Cu, Bi (small amount), Cd, Sb 
Pb, Bi, Cu (small amount), Sb, Sn 
No precipitation 

Pb, Sn 

Sn (small amount) 

Pb 

No precipitation 

Pb, Cd (small amount) 

No precipitation 

Pb (small amount) 

No precipitation 


¢ 
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0.005 N 
Alkaline (NHiOH) 


For comparison a solution of 100 mg. of each of the 
metals of the copper and tin groups, tin as Snt*++* 
{ In all cases of precipitation by HS the solution was con- 
tained in an open beaker and the H2S bubbled through the 
solution at room temperature. All solutions through which 


H2S had been bubbled were allowed to stand at least 15 minutes 
before filtering. 
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(from solid SnCl5H.O), in a volume of 100 cc. of 
0.3 N HCl was treated with H.S until there was no fur- 
ther precipitation. The filtrate was made alkaline with 
NH.OH and H.S passed in, the solution only darkening 
slightly. For further comparison solutions of 100 mg. 
of Pb*+*+ and Cd** separately in a volume of 100 cc. of 
0.3 N HCl had H2S passed in until no further precipita- 
tion took place, the filtrate made alkaline with NH,OH 
and HS passed in. In both cases none of the metallic 
ion was indicated. This definitely showed that if 
the original solution is strongly acid an appreciable 
amount of Pb*++ and a small quantity of Cd*+* are 
not precipitated by H2S at that acid concentration, 
nor even when the solution is eventually adjusted to 
0.3 N HCl. ‘ 

As a final check a solution containing 100 mg. of 
each of the metals of the copper and tin groups, tin 
as Sn++++ (from solid SnCl,-5H,O), was made to a 
volume of 50 cc. having an HCI concentration of 3.4 NV. 
This solution was neutralized with concentrated NH,- 
OH then made just acid with HCl and ultimately made 
up to a volume of 100 cc. of 0.8 N HCl. HS was 
passed in until no further precipitation took place, the 
solution was filtered, the filtrate made alkaline with 
NH,OH and HS passed in, forming a dark brown pre- 
cipitate. This precipitate was analyzed and found to 
contain Pb*++ and Cd++. The amount of each was de- 
termined by making a separation, eventually precipi- 
tating both as sulfides in alkaline (NH,OH) medium and 
comparing the size of the precipitate with a known 
quantity precipitated under identical conditions, both 
in graduated test tubes. The result indicated that 15 
mg. of each of these metallic ions had passed through. 
The procedure was repeated except that the original 
solution was made to 1.7 N HCl. Fifteen milligrams 
of Pb*+*+ and Cd*++ were found in the filtrate of the 
first precipitation. This shows that even when the 
high acid concentration of the original solution is neu- 
tralized by NH,OH and then made to the correct 
acidity before precipitating with H.S, appreciable 
amounts of Pb+* and Cdt* will be found in the filtrate. 

PRECIPITATION OF PB*++t AT VARIOUS HCL CONCEN- 
TRATIONS BY H2S. Hundred-milligram portions of Pbt* 
in volumes of 100 cc. of different HCl concentrations 
were precipitated by HS. Air was then bubbled 
through the filtrates to remove the HpS, the solutions 
were made alkaline with NH,OH, then just acid with 
HCl and the proper amount of HCl added so as to 
yield a concentration of 0.3 N. H:S was then passed 
in and if any precipitation took place, the mixture 
was filtered, the filtrate made alkaline with NH,OH 
and H2S passed in. When no precipitation occurred 
in the 0.3 N HCl solution, it was made alkaline with 
NH.OH and HS passed in.* 

Table II gives the results of these experiments. 

All the solutions having a concentration of less than 
1.1 N HCl when treated with H2S first gave a red 


* Experiments carried out identically, except that the solu- 
tions were boiled to drive out the H.S, showed that less lead 
was eventually precipitated by H2S in 0.3 N HCl, and therefore 
more Pb*++ would pass into the following groups. 
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TABLE II.—PRECIPITATION OF PB*+*+ at VARIOUS HCL CONCENTRATIONS BY 
H2S anv AT 0.3 N HCui ConTAInInG VARYING AMOUNTS OF NHiCi 
2 
Precipitation by Precipitation by 
1 H2S of Filtrate H2S of Filtrate 
HC! Concentration Precipitation from 1 Adjusted from 2 Made Alkaline 
in Normality by H:S to 0.3 N HCl with NH,OH 
= — 
as 


“Ie 


.7-0.8 (steps 1/10) 
Brown coloration 
Brown coloration 
Brown coloration 
Brown coloration 
Brown coloration 
Very slight brown 

coloration 

Concentrations of HCl from 1.7 N to and including 0.8 N all gave the same 
results. 


cooofooreT, 
Li bit-+t+ 


NwWraan 
+t+t++4+44 | 


precipitate of lead thiochloride, PbySCl.? which changed 
to the black PbS on continued passage of H2S through 
the solution. The solutions with concentrations greater 
than 1.1 N HCl precipitated the black form directly. 
With these latter solutions it was necessary to pass 
H.S through them for several minutes before pre- 
cipitation started. It was found that if precipitation 
did not begin after bubbling H.S through the solu- 
tion for fifteen minutes, PbS could not be precipi- 
tated at all. At 1.7 N HCl, the highest HCI concentra- 
tion at which precipitation took place, HS had to be 
passed through the solution for 32 minutes before there 
was no further precipitation.* 

It was noticed that a precipitate of PbChk always 
formed after a few minutes whether the water and 
then the acid was added to the lead solution or the 
order of addition of water and acid was reversed. The 
amount of PbCl, settling out depended upon the con- 
centration of the resultant HCI solution, being greater 
in the dilute solutions. Moreover, if the solutions 
made by adding the acid first and then the water had 
H2S passed through them before any PbCl, precipi- 
tated, considerably less PbS was formed. In the 
case of the 1.7 N HCl solution made this way it was 
impossible to precipitate PbS even after bubbling H.S 
through it for 30 minutes. 


PRECIPITATION OF CD*t+ AT DIFFERENT HCL CONCEN- 
TRATIONS BY HeS 


The procedure followed in precipitating PbS was 
repeated using 100 mg.Cd*+*. Table III (p. 52) gives 
the results of these experiments. ‘ 

As in the experiments with Pb** the following con- 
ditions were noted: (1) When the H2S was removed 
after the first precipitation by boiling instead of blow- 
ing air through the solution, less Cd*+* was eventually 
precipitated by HS in 0.3 N HCl. (2) If precipita- 
tion did not take place after the H2S had been passed 
into the solution for fifteen minutes CdS could not 

2 CuRTMAN, ‘Qualitative Chemical Analysis,’ Ist edition, 
part 2, The Macmillan Co., New York City, 1931, p. 147. 

* In order to determine the effect of passing H2S through an 
HCI solution for such a period of time, 105 cc. of 1.7 N HCI solu- 
tion was prepared, 5 cc. pipeted out and titrated with standard- 
ized approximately N/4 NaOH solution. H.2S was then bubbled 
through the remaining solution for 32 minutes, 5 cc., withdrawn 
and titrated with the same N/4 NaOH solution. Slightly more 
(0.8 cc.) NaOH solution was required after the H.S treatment 
than without it. 
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TABLE III.—PRECIPITATION OF Cp*+* AT DIFFERENT HCL CONCENTRATIONS 
BY H:S 
2 
Precipitation Precipitation by 
1 by HS of Filtrate H2S of Filtrate from 
HC! Concentration Precipitation from 1 Adjusted 2 Made Alkaline 
in Normality by H:S to 0.3 N HCl with NHs;OH 
2 _ + bs 
1.6 - + + 
4.5, 1.2, 1, 0.9, 0.8 + -_ + 
+ Slight yellow col- 


oration 
Solutions having concentrations of 1.5 N, 1.2 N, 1 N,0.9 N, 0.8 N all gave 
the same results. 


be precipitated at all. (3) It was necessary to bubble 
H.S through the solution having a concentration of 
1.5 N HCl, the highest HCl concentration in which 
CdS could be precipitated, for 30 minutes before pre- 
cipitation ceased. (4) If the acid was added first and 
then the water, less CdS precipitated and, in a 1.5 
N HCI solution prepared in this way, it was impossible 
to form CdS even when H2S was passed into the solu- 
tion for 30 minutes. 

Rough quantitative determinations of unprecipi- 
tated lead and cadmium were made. In each case 100 
mg. of the metallic ion was used and the procedure was 
the same for both metals except that the original con- 
centration of acid in the Pbt+* experiments was 1.7 
N HCI while in the Cd+* experiments it was 1.5 N 
HCl. These two acid concentrations were chosen be- 
cause they represented the maximum acid strength 
at which HS caused precipitation (see Tables II and 
III). In the first experiment the volume was made 
to 100 cc. of the higher acid concentration, neutralized 
with concentrated NH,OH, then made just acid with 
HCl and made to 125 ce. of 0.8 N HCl. HS was 
then passed through the solution until no more pre- 
cipitation took place, the solution filtered, the filtrate 
made alkaline with concentrated NH,OH, and HS 
was passed in. If precipitation took place the amount 
of precipitate was determined by comparing it with 
a known quantity of sulfide precipitated under the 
same conditions, both in graduated tubes. In the 
second experiment the 100 cc. of concentrated acid 
solution was boiled to half its volume, cooled, neu- 
tralized with concentrated NH,OH, made just acid 
with HCI and then to a volume of 100 cc. of 0.3 N HCl. 
The remainder of the procedure was repeated as in 
the first case. In the third experiment only 50 cc. 
of strong acid solution was neutralized with concen- 
trated NH,OH, then just acidified with HCl, boiled 
down to 50 cc., cooled, and made to a volume of 100 
cc. of 0.8 N HCl. The remainder of the procedure 
was again repeated as in the first case. In the fourth 
experiment again only 50 cc. of the strong acid solu- 
tion was used, neutralized with concentrated NH,OH, 
then made just acid with HCI and finally to a volume 
of 100 ce. of 0.8 N HCl. The remainder of the pro- 
cedure was the same as in the first experiment. Table 
IV shows the results of these experiments. 

Table IV shows that when the original solution is 
strongly acid and is then neutralized by NH,OH and 
adjusted to 0.3 N HCl appreciable amounts of Pb+t 
and Cd++ remain unprecipitated by HS. 
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TABLE IV 
Amount Precipitated 
Precipitation at Precipitation of by H:S 
0.3 N HCl Filtrate Alkaline in Alkaline 
with HeS with NH,OH Solution 
Experiment Pbtt Cdtt Pbhtt Cdtt Pbtt Catt 
1 + + + + 12 mg. 7 mg. 
2 + + i i 15 mg. 20 mg. 
3 + + + + 25 mg. 30 mg. 
4 + + = 2g + 20 mg. 30 mg. 


Precipitation of the metallic ions from 0.3 N HCI solution sometimes re- 
quired 20 minutes for completion. 


DISCUSSION OF RESULTS 


The behavior of Pb+*+ and Cd** shows that their 
concentrations must have been reduced in the presence 
of NH,Cl. It is a well-known fact that Pbt+** and 
Cd*++4 form complex compounds with NH,C1 in which 
the lead and cadmium occur as complex chloride ions. 
A. S. Cushman® showed that cadmium sulfide is not 
precipitated by H2S from a solution containing the com- 
plex salt of cadmium chloride and sodium chloride. In- 
asmuch as both the NaCl and NH,C1 complexes contain 
the metals as complex chloride ions it is highly probable 
that they would act similarly. Not only are the values 
of the solubility products of PbS and CdS close to each 
other but they are among the highest of the sulfides of 
the copper and tin group metals. This helps in under- 
standing why some of the other metals of these two 
groups which also form complex chloride ions do not 
act similarly. 

Furthermore, the effect of salts generally is to in- 
crease the value of the solubility product of insoluble 
substances. Thus, in the presence of NH,Cl the 
solubility products of lead and cadmium sulfides would 
be higher and a smaller amount of the metals would 
be precipitated by a definite sulfide-ion concentra- 
tion. The metal escaping precipitation could be de- 
tected by a higher sulfide-ion concentration, such as 
obtained from (NH,)2S. 

It is quite possible that both complex-ion forma- 
tion and salt effect play a part in preventing the com- 
plete precipitation of these two metallic ions by HS 
in the presence of appreciable amounts of NH,Cl. 


SUMMARY 


(1) All the metallic ions of the copper and tin 
groups when present together not only precipitate 
in hydrochloric-acid concentrations greater than those 
calculated except in the case of As, but also in more 
than one different acid concentration. 

(2) After partial precipitation of Pb*+*+ and Cd*+t 
by HS in a solution having a large HCI concentration, 


3 FOOTE AND Levy, J. Am. Chem. Soc., 37, 120 (1915). De- 
MASSIEUX, Compt. rend., 156, 894 (1913). RIMBACH AND FLEcK, 
Z. anorg. allgem. Chem., 94, 154 (1916). DemassIEUX, Ann. 
chim., 20, 233-96 (1923). J. KENDALL AND SLOAN, J. Am. Chem. 
Soc., 47, 2311 (1925). 

4K. von Hauer, Sitzber, akad. Wien, 13, 449 (1854). H. 
Crort, Phil. Mag. [3], 21, 356 (1842). HacuMeErsTErR, Z. 
anorg. allgem. Chem., 109, 145 (1919). Bourton AND ROUYER, 
Compt. rend., 175, 1406-8 (1922); 176, 1708-10 (1923). 

’ CusHMAN, A. S., Am. J. Chem., 17, 379 (1895). 

§ HamMMETT, “‘Solutions of Electrolytes. Part I. Principles,’’ 
1st edition, McGraw-Hill Book Co., Inc., New York City, 
1929, pp. 33-6. 
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definite amounts of the remaining Pbt+ and Cd** 
are not precipitated as sulfide at 0.3 N HCl concentra- 
tion, when the solution contains an appreciable quan- 
tity of NH,CI1. 

(3) When the original solution having a high HCl 
concentration is neutralized by NH,OH and the solu- 
tion then made to 0.3 N HCl, appreciable amounts 
of Pb++ and Cd** are not precipitated by H2S. 

(4) The amount of Pb+* and Cd+* unprecipitated 
by HS in a 0.3 N HCI solution is greater if the stronger 
acid solution before adjustment of acidity to 0.3 N 
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is boiled or if the original solution is made by first 
adding acid and then water. 

(5) The amount of Pb*+* and Cdt* not precipi- 
tated by HS in an original strong HCl solution which 
has been neutralized by NH,OH and then adjusted to 
0.3 N HCl, has been determined. 
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IT. The Influence of Increasing Concentrations of Ammonium Chloride on the Complete 
. Precipitation of the Metals Other than Lead and Cadmium 


Continuing the investigation of sulfide precipitation, 
the highest HCl concentration in which H2S can cause 
precipitation separately of the copper and tin group 
metals, except Pb++ and Cdt+, was first determined. 
If the filtrates from the above experiments are then ad- 
justed to 0.3 N HCl it is shown that all the metallic ton 
that had remained in solution is completely precipitated 
by H2S. Starting with solutions of each metal sepa- 


++ + 


INTRODUCTION 


N ORDER to have a basis for comparison which 

would aid in understanding the results described 

in the preceding article, the precipitation of the 
other metals of the copper and tin groups separately 
as sulfides was carried out. Specifically, the object 
was first to determine the highest HCl concentration 
at which each metal separately would be precipitated 
by H2S and then to see if the metal still remaining in 
solution would be completely precipitated by HS 
after adjustment to 0.3 N HCl. Using separate solu- 
tions of each metal containing the highest HCl con- 
centration for that metal as found above, neutralizing 
with NH,OH, adjusting to 0.3 N HCl and passing in 
H2S until there is no more precipitation, analyzing the 
filtrate to see if any of the metal passed through and, if 
so, to determine how much. 


EXPERIMENTAL 


Hundred-milligram portions of Ast*++, Hgt*, Cut*, 
Sbt+++, Bit++, Snt++++ (from solid SnCl,-5H.,O) and 
Snt++ (from solid SnCl-2H,O) in separate solutions 
of 100 cc. volume of different HCl concentrations were 
treated with H2S. The filtrates of each precipitation 
were then boiled to remove the HS, neutralized with 
NH,OH, adjusted to 100 cc. of 0.38 N HCl, and treated 
with HS until no further precipitation took place. 
The filtrates were made alkaline with NH,OH and 
more H2S was passed in to see if precipitation would 
occur. In the case of Astt++, Sbttt, Sntt+t+t, and 


Snt++ this solution was then acidified with dilute 
(3 N) HCI due to the varying solubility of their sulfides 
in ammonium sulfide. 


The experiments showed that 


rately inthe highest acid concentration employed in 
the study described in the preceding paper, adjusting the 
solution to 0.3 N HCl and then bubbling in H,S, it is 
found that Snt++** 4s the only one not completely pre- 
cipitated. The amount unprecipitated was determined to 
be two to three milligrams. In the presence of all the 
other metals investigated, less than one milligram of 
Snt+t+++ escapes precipitation. 


++ + 


in every case none of the metal could be found in the 
filtrate from the H2S precipitation at 0.3 N HCl. Table 
I gives the results of the experiments. 


TABLE I 
Metal 
As+++ Hgt+ Cutt Sbtt+ Bitt+ Sntt+t+ 
Highest acid 
concentration 
at which H2S)12N 12N 7.9N 5.9N 3.6N 3.3N 2.6N 
caused precipi- 


Sntt 


tation 


Precipitation did not always take place immediately 
so that some time period had to be taken as a basis. 
As in the case of Pbt* and Cd** if precipitation did 
not start after the H2S had been passed in for 15 min- 
utes, it indicated that the sulfide would not form. 
In the case of Hg** a cream-colored precipitate was 
obtained which on analysis gave a positive test for 
Hg+*+. With Cutt, first a precipitate of S formed 
but later on the sulfide was thrown down. The pre- 
cipitate obtained with Sb*+*++ had a red color instead 
of the usual orange one. Sn*+ in a number of cases 
first gave a brown precipitate changing to a black 
though at 2.6 N only the brown precipitate was ob- 
tained. To 100 mg. of each of the metals in separate 
solutions was added the amount of concentrated 
(12 N) HCl equivalent to 100 cc. of the highest acid 
concentration at which HS caused precipitation (see 
Table I). The solution was then neutralized with 
NH,OH evaporated to about 75 cc. in the cases of 
Ast++, Hgt++, Cutt, Sbt++ (due to the large vol- 
ume of liquid), adjusted to 100 cc. of 0.3 N HCl (any 
solid NH,Cl remaining was filtered off), and H2S was 
passed in until there was no more precipitation. The 
filtrate was made alkaline with NH,OH and more 
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H2S was passed in. With Astt+, Sbt+tt, Snttt+ 
and Sn++ this solution was then acidified with dilute 
(3 N) HCl for the reason already mentioned. Snt+t++ 
was the only metal not completely precipitated in the 
0.3 N HCl solution by H2S. The quantity passing 
through was determined by comparing the amount 
of its sulfide with a standard amount of SnS, obtained 
in the same way, both in graduated tubes, and found 
to be 2-3 mg. 

A solution containing 100 mg. of each of the me- 
tallic ions of the copper and tin groups in the same 
solution, tin as Sn++++, to which had been added an 
amount of concentrated (12 N) HCl equivalent to 
100 cc. of 3.3 N HCl, was made to 100 cc. of 0.3 N 
HCl. HS was passed into the solution until there was 
no more precipitation, the solution was filtered, the 
filtrate made alkaline with NH,OH and H2S bubbled 
through this solution, yielding a dark brown precipi- 
tate. Analysis of this precipitate showed the ab- 
sence of Sn++++. The filtrate from the alkaline 
sulfide precipitation was made acid with dilute (3 NV) 
HCI resulting in a turbid solution which on standing 
over night gave a small amount of light yellow pre- 
cipitate. This precipitate, which on comparison with 
the standard SnS, showed less than 1 mg., gave a posi- 
tive test for Snt*++*. 

This result undoubtedly can be accounted for on the 
basis of either complex-ion formation or salt effect or 
both, similar to that of Pb++ and Cdtt. The action 
of Sn*++++ again parallels that of Pb*++ and Cdt* in 
that less escapes precipitation as sulfide when other 
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metals are present than when alone. This condition, 
together with the fact that only a small amount (2-3 
mg.) passes into the filtrate when it is alone, apparently 
explains its nearly complete precipitation when other 
metals are present. 


SUMMARY 


(1) The highest HCl concentration at which HS 
can precipitate 100 mg. of Ast*++, Hgt++, Cut+, Sbt+t+, 
Bit+t++, Snt++++, and Snt* in 100 cc. separately as 
sulfide has been determined. 

(2) If the filtrates from the above procedure are 
boiled to remove HS, neutralized by NH,OH, then 
adjusted to 100 cc. of 0.3 N HCl and H2S passed in, 
the metallic ions still present in the selution are com- 
pletely precipitated. 

(3) Starting with 100 mg. separately of each me- 
tallic ion investigated, adding the amount of con- 
centrated (12 NV) HCl to give the concentration found 
in number one of the summary, adjusting to 100 cc. 
of 0.3 N HCl and passing in HS, only Sn++t* is not 
completely precipitated. The amount of Snt+++* that 
is not precipitated was determined to be 2-3 mg. 

(4) A solution containing 100 mg. of each of the 
metallic ions of the copper and tin groups in the same 
solution, tin as Snt+t+++, to which had been added 
the amount of concentrated (12 N) HCl determined 
for Sn*++++, summary one (3.3 NV), was carried through 
the same procedure as in summary three and it was 
found that less than 1 mg. of Sn+*++* is not precipi- 
tated at 0.3 N HCl. 


Il. The Effect of Ammonium Salts on the Precipitation of the Copper and Tin 


Group Metals by 


Two possible explanations, complex chloride-ion for- 
mation or salt effect, had been proposed to account for 
the fact that in the presence of ammonium chloride ap- 
preciable amounts of Pb+* and Cd** and small amounts 
of Snt++++ are not precipitated by H2S in a 0.3 N HCl 
solution. Now it is shown that if chloride ion is removed, 
or in the presence of other ammonium salts than the 
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INTRODUCTION 


N A previous paper! it has been shown that in the 
I presence of ammonium chloride appreciable amounts 

of Pbt+* and Cd*+* and small amounts of Sn*+t++t 
are not precipitated by H2S in a 0.3 N HCl solution. 
The behavior of these three metallic ions has been 
explained as due to either complex-ion formation with 
chloride ion or salt effect of the ammonium chloride. 

If the formation of complex ions with chloride ion 
is the cause of the incomplete precipitation of these 
three metallic ions, then on removal of this inter- 





* HAROLD WEISSBERG, of the College of the City of New York, is 
co-author of Part III. 
1 See this issue, p. 50. 


Hydrogen Sulfide* 


chloride, complete precipitation of the metals by H2S 
under identical conditions 1s obtained. Thus the for- 
mation of complex chloride ions accounts for the incom- 
plete precipitation of the three metals. Two methods 
are given for removing the interfering chloride ton so 
that complete precipitation of the metals by H2S in 0.3 
N acid solution is obtained. 


++ + 


fering ion complete precipitation should be possible. 
However, if the action is due to salt effect then the 
presence of other ammonium salts than the chloride 
should give the same result. Depending upon which 
theory proves to be correct, a method of treating the 
solution so that complete precipitation should take 
place might be worked out. 

Accordingly, the experimental work was carried out 
to first determine whether complex-ion formation or 
salt effect is the cause of the incomplete precipitation. 
Using this information to remove the interference, 
the resulting solution was tested to see if all the me- 
tallic ions of the copper and tin groups could be com- 
pletely precipitated by H2S in a 0.3 N acid solution. 
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EXPERIMENTAL 


THE REMOVAL OF CHLORIDE ION. A. By Evapora- 
tion.—To 1 cc. of a solution containing 100 mg. Pb*+, 
12 cc. of concentrated HCl was added and then the 
solution was made up to 50 cc. with water. The 
clear solution was evaporated nearly to dryness, diluted 
with 10 cc. water, made just alkaline with dilute 
NH,OH, then just acid with dilute HCl, and finally 
to a volume of 100 cc. having a concentration of 0.3 
N HCl. HS was passed in until there was no more 
precipitation, allowed to stand for fifteen minutes, 
and then filtered. The filtrate was made alkaline 
with NH,OH and H2S was passed in, giving a very 
slight darkening of the solution. This showed that 
the Pbt+t+ had been completely precipitated. 

The above procedure was repeated on a solution 
containing 100 mg. of Cdt+ and another solution 
containing 100 mg. of each of the metals of the copper 
and tin groups (tin as Sn*+++*). In the latter case 
the final alkaline solution was also acidified with 
dilute HCl so as to detect any metals of the tin group 
which are soluble in ammonium sulfide. The result 
in both cases indicated complete precipitation. 

B. By Evaporation with Nitric Acid.—The above 
experiments were repeated with the addition of 10 
ce. of concentrated HNO; before the evaporation. 
The results in all cases showed that there was complete 
prec‘pitation. 


THE EFFECT OF AMMONIUM SALTS OTHER THAN THE 
CHLORIDE 


To a solution containing 100 mg. of each of the 
metals of the copper and tin groups (tin as Sn*+++*) 
was added the required amount of concentrated nitric 
acid equivalent to 100 cc. of 3.7 N HNO;.! The 
solution was neutralized with concentrated NH,OH, 
made just acid with dilute nitric acid, and finally ad- 
justed to 100 cc. of 0.8 N HNO;. H2S was passed in 
until there was no more precipitation. The filtrate 
was made alkaline with NH,OH and H.2S bubbled into 
the solution. As there was no precipitation, the solu- 
tion was acidified with dilute nitric acid so as to de- 
tect the tin group metals. The result showed that 
there had been complete precipitation by H,S. 

The procedure was repeated using H2,SO, and HC:- 
H;02 in place of HNO;. Again complete precipita- 
tion was shown. 
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In order to have a further check, solutions contain- 
ing 100 mg. of each of the metals of the copper and tin 
groups together in a volume of 40 cc. were immedi- 
ately neutralized with NH,OH and then adjusted to 
0.3 N concentration of HNOs;, H2SO., and HC:H;0Ox. 
Hydrogen sulfide was passed in until there was no 
more precipitation. The filtrates were made alkaline 
with NH,OH and H:S bubbled in. As there was no 
precipitation the solutions were acidified to detect 
tin group metals. The results showed complete pre- 
cipitation by HS. 


DISCUSSION 


It is seen from the first group of experiments that 
when chloride ion is removed by two independent 
methods complete precipitation of the copper and tin 
group metals by HS is obtained. However, in the 
removal of chloride ion the possibility of having large 
amounts of ammonium salts accumulate is prevented. 
Thus it still remained to be seen if ammonium salts of 
other anions than chloride ion had any effect in pre- 
venting the complete precipitation of the metals by 
H.2S. The second group of experiments showed that 
these ammonium salts did not cause incomplete pre- 
cipitation under the same conditions. Thus it was 
definitely established that when a fairly large amount of 
chloride ion is present so that complex-ion formation 
with the metallic ions undoubtedly takes place to a large 
extent, Pbt*+, Cd**, and Sn*+*** are not completely 
precipitated by HS in a 0.3 N H* solution. 

Either method of removing chloride ion can be used 
in a scheme of analysis so that the metals of the copper 
and tin groups will be completely precipitated by 
HS in a 0.3 N acid solution. 


SUMMARY 


(1) Chloride ion has been shown to be the cause 
of the incomplete precipitation of Pb+*, Cd**, and 
Sn*++++ by HS in a 0.3 N acid solution. 

(2) Ammonium salts of other anions, viz., nitrate, 
sulfate, and acetate, do not prevent complete precipi- 
tation of the above three metallic ions under the same 
conditions. 

(3) To remove the interfering chloride ion two 
methods are given which can be used in a scheme of 
analysis to insure complete precipitation of the metals 
by HS in a 0.3 N acid solution. 





Joseph Priestley was born on March 13, 1733 (old style). Various religious and scientific 


organizations both here and abroad will observe the bicentenary of his birth. 


An 


exhibition of Priestley memorabilia has been arranged in connection with the 
Washington meeting of the American Chemical Society during the week 
of March 26th. The March number of the JouRNAL will contain 


several items of interest to collectors of Priestley lore. 








CORRESPONDENCE 


USELESS SCIENTIFIC OR CHEMICAL KNOWLEDGE 


To the Editor 
DEAR SIR: 

The article by Professor Dehn on “Useless Chemi- 
cal Knowledge,” published in the June, 1932, number 
of the JOURNAL OF CHEMICAL EpucaTION (pp. 1075- 
77), calls for considerable comment. 

Professor Dehn would have us believe that “all 
scientific literature contains a preponderating mass 
of perfectly useless knowledge and the percentage 
of the useless becomes larger as theories bolstered by 
observation become useless.” Of course chemical 
literature is included, in fact is the entering wedge 
of his final attack on science in general. 

Professor Dehn does not state whether by ‘“‘per- 
fectly useless knowledge’ he means that which is 
immediately useless, or that which will remain useless 
indefinitely. In either case he courts justifiable criti- 
cism because no scientist—physicist, chemist, or biolo- 
gist—can truthfully appraise the present or future 
value of a published observation or theory. The 
admitted limits of our knowledge prevent this. 

Nevertheless, within reasonable bounds it is be- 
lieved that most scientists favor the view that a large 
portion of the published observation and theories 
have some potential value, either present or future. 
Nor is this view without solid foundation, for the 
history of science, including chemistry, is full of im- 
pressive examples that support it. 

In fact, by and large, it is difficult to avoid the con- 
clusion that our present civilization, good or bad, has 
been profoundly influenced by the discoveries of 
science. So much so that the man in the street is 
rapidly changing his credo from religion to science and 
developing an almost sublime faith in its possibilities 
when applied to his life and future. 

Theoretical and applied science is exoteric. It 
publishes its truth to the world for any and all who 
can read and learn. Even admitting that a certain 
portion of the data given out has indifferent value 
due to careless observation or faulty reasoning, that 
is a far cry from asserting that the preponderating 
mass is ‘‘perfectly useless.” Indeed, such a conclu- 
sion implies a very narrow view of the facts. 

Professor Dehn -is correct enough when he points 
out that ‘‘no one can learn more than a small per- 
centage” of the published literature of chemistry or 
of any other science for that matter. But why be 
cast down or take the defeatist attitude on account 
of this! 

From a practical standpoint the active and ad- 
vancing investigator is not disturbed by such matters. 


His problem may be small or large. Suffice it to state 
he marshals and arranges his data, decides on his 
point of attack, and promptly forgets what is foreign 
to his scientific needs. In fact his future success often 
depends on his ability to do this very thing. 

Professor Dehn deprecates the large volume of 
scientific publications that appear continuously because 
they “‘inundate, stifle and chill” our scholarship. How- 
ever, a careful survey of many articles in Science fails 
to show any symptoms of this kind. Indeed the con- 
tributors in their various fields usually exhibit an en- 
thusiasm and unflagging interest that has similar 
effects on the reader. In fact it should be stimulating 
to learn that there are more worlds to conquer than 
ever before, because this means adventure and in that 
adventure an accepted challenge to man’s ingenuity 
and critical intelligence. 

Even admitting the seemingly large cost of scientific 
investigation and publication is this not a mere baga- 
telle in comparison to the cost (1) of advertising that 
is often vicious, (2) of fiction good, indifferent, and 
bad (mostly the latter), (3) of the several duplications 
of many commercial products hardly to be distin- 
guished from one another, and (4) of the innumerable 
“rackets” that have a demoralizing effect on our 
civilization. 

It is the fashion to question the value of any ac- 
tivity that does not yield a decided return of dollars 
and cents, if not to those engaged, at least to others 
who can profit by it. Hence, a common attitude of 
many influential men is to regard as futile scientific 
investigation that does not lend itself to commercial 
gain. Because practical application is our shibboleth 
we lose sight of the large cultural values of chemistry 
and the other sciences. However, in this rapidly chang- 
ing and shifting world of men and things it would ap- 
pear that the more constructive and humanizing 
thought of science could be used to distinct advantage 
in giving us a more correct appraisal of conditions as 
they are. Rationally at least this could lead to di- 
rected activities and improved practical solutions of 
the larger problems that confront us. This is a point 
that Professor Dehn overlooks, but nevertheless it is 
one that should demand a larger attention as the time 
goes on. The larger universities with their able staffs 
of scientific investigators and teachers have a large 
part to play in these matters. 

Science may become a redeeming or destroying angel. 
Let us hope it will be the former. 

RoLttin G. MYERS 


U. S. Navy Yarp 
P. O. Box 86, CAVITE 
PHILIPPINE ISLANDS 
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A simple ba vy for preparing aldehydes. O. L. Bart. 
Hormone, 6, 72-3 (Apr., 1932).—Aldehydes are not always handy 
or plentiful in an organic laboratory. Formaldehyde is a gas 
which is usually used: in a water solution. Acetaldehyde is a 
very volatile liquid at room temperature and it must be kept in a 
sealed bottle. Once a bottle of acetaldehyde is opened, the un- 
used portion of the aldehyde disappears unless the bottle is re- 
sealed. The method of preparing aldehydes as outlined below 
obviates this procedure as the apparatus may remain set up ready 
for use, and any amount of aldehyde may be prepared at once, 
thereby sufficing for the need of each individual experiment. 

The apparatus as shown in the illustration is easily set up, 


AIR 








TO 
ASP/RATOR 


simple in operation, and any amount of aldehyde may be pre- 
pared by the simple use of alcohol alone. 

(A) isa round bottom flask in which is placed the desired amount 
of alcohol. The kind of alcohol used is dependent on the aldehyde 
required. (B) is a 36 cm. piece of combustion tubing, inside 
of which is placed a copper spiral 12 cm. long. (C) is an Erlen- 
meyer suction flask in which is placed water for use in the prepara- 
tion of aldehyde solutions such as formaldehyde solution. Other- 
wise, this flask remains empty. This flask is placed in an ice 
bath. The side-arm of the suction flask is connected to an 
aspirator. In the preparation of acetaldehyde or any other 
volatile aldehyde, a water condenser is connected between (B) 
and 

The operation is simple. The combustion tube (B) is placed 
on a two or four-burner gas furnace. The gas is ignited until 
the copper spiral becomes dull red. The flask (A) is heated on a 
water bath at a temperature below that of the boiling point of the 
alcohol in order to vaporize the alcohol slowly. The suction is 
turned on at the aspirator. The air entering the flask due to 
the suction is mixed with the alcohol vapors. In tube (B) the 
air in the presence of the red-hot copper spiral oxidizes the copper 
to copper oxide. The alcohol vapor, in the presence of the hot 
copper oxide, is oxidized to the aldehyde, the copper oxide being 
reduced to metallic copper. Thus the process is an everlasting 
one providing the alcohol is replenished. The suction carries 
the aldehyde formed into the flask (C) where it is either dissolved 
in water or condensed as a liquid. 

If the suction is removed and a stream of oxygen gas is forced 
through the whole apparatus, the apparatus becomes more ef- 
ficient, as the oxidation is greater and the output is ——, 


Simple air pump. Anon. Pop. Sci. Mo., 121, 48 (Nov., 
1932) a spout from an oil can is inserted, small end down- 
ward, through a hole in the side of a rubber tube which has been 
fastened to a water faucet. Another piece of rubber tubing is 


fastened to the large end of the oil can spout; when the water 
faucet is opened, suction is developed at the end of this rubber 
tube. H.R: 
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New-type analytical air-damping balance with projection scale. 
Chem.- Ztg., 56, 811 (Oct. 12, 1932)—When using the new type 
of analytical air-damping balances it is not necessary to wait until 
the balance has come to rest after a number of swings. The 
balance comes to rest after a single swing and the reading can be 
made on a microphotographic scale down to one-tenth of a milli- 
gram. The location of the damping cylinders is of importance. 
In the construction shown in the figure accompanying the article 
they are placed directly under the beam. The microphoto- 
graphic scale is illuminated by means of a low-power bulb and is 
projected very clearly on frosted glass. The light bulb is isolated 
from the balance case to avoid radiation. The current is turned 
on automatically on operating the balance. By means of a very 
practical device on the outside it is possible to add fractional 
weights automatically. . 

Experiments with carbon for the home chemist’s laboratory. 
R. B. WattEs. Pop. Sci. Mo., 121, 60 (Nov., 1932)—Many of 
the properties and uses of carbon are presented in an interesting 
manner. Several experiments dealing with the absorption by 
charcoal or bone-black of both gases and solids (suspended in 
some fluid) are given. There is also an experiment illustrating 
the reduction by carbon of certain metallic oxides. These ex- 
periments use simple apparatus which may be found in the ama- 
teur chemist’s private laboratory. H..7: B. 

Experiments with carbon.—See this title, p. 60. 

Electrodeposition of metals. FE. K. SrracHan. Rep. New 
Eng. Assoc. Chem. Teachers, 34, 6-9 (Sept., 1932).—In aqueous 
solution we have present not only the ions of the metal which we 
seek to deposit but hydrogen ions as well. In the case of metals 
that stand lower in the electromotive series than hydrogen, the 
hydrogen ions give little trouble so that metals can be deposited 
from quite acid solutions. The acid copper-plating solutions are 
an excellent example of this. In a general way, the higher the 
acid concentration the harder the copper deposit. Directions 
for preparing acid copper, nickel- plating, silver-plating cyanide 
copper and brass-plating baths are given. ©. €. 

Easy ways to identify modern alloys.—See this title, p. 59. 

A modified mercury-sealed stirrer. C. J. Hac- 

GERTY. Hormone, 6, 72 (Apr., 1932).—It is quite 
common in the use of the ordinary ‘glass-fashioned 
mercury-sealed stirrer that at high speeds the mercury 
is apt to be thrown out by the rotating shaft. In 
order to obviate this difficulty in our laboratory we 
have placed on the top of the mercury well a cork 
stopper. This actually serves two pufposes for, on 
the one hand, it centers the rotating shaft and on the 
other it prevents the mercury from being thrown 
out of the well. One could insert a piece of glass 
tubing in this cork if he so desired which would act 
as another bearing for the rotating shaft. We first 
attempted to solve this difficulty by attaching the 
cork to the rotating shaft, but such attempts were 
unsuccessful except at low speeds. We believe that it 
is certainly preferable to attach the cork to the well 
and then the stirrer may be rotated at very high 
speeds without any mercury being thrown out of the 
well. The accompanying illustration may assist one 
in understanding exactly what we mean. It will be 
noticed that we have placed the upper glass bearing 
in as close proximity to the sealing part of the ro- 
tating shaft as possible. It is alsoa good idea to round 
off the stopper which is connected to the sealing 
part of the stirrer so that any mercury which may 
be thrown up onto the bearing or stopper will return 
to the well. O.R. 
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Efficient production of manufactured ice. D. Burks, Jr. 
Ind. Eng. Chem., 24, 605-10 (June, 1932).—Marketable artificial 
ice could be produced from solutions only after the salts had been 
removed by distillation. In steam-operated plants the exhaust 
steam was condensed and frozen. With the use of electrical 
power, production costs could be decreased but distilled water 
was no longer available. Ice from natural waters was usually 
opaque due to dissolved salts. It is here shown that by using a 
special type of can with air agitation marketable ice can be pro- 
duced even from water containing 1300 parts per million. As 
freezing proceeds the core is removed several times depending on 
the salt concentration. The freezing temperature is lowered from 
16°F. to 6°F. This reduces the freezing time by one-half with a 
resultant increase in plant capacity and about 30% reduction in 
cost. Ice when formed at 6°F. has a tendency to crack. This is 
almost eliminated by adding 75 parts NH,Cl per million and 
raising the temperature slowly or annealing. BC... 

Cellulose in industry. H. J. Skinner. Ind. Eng. Chem., 24, 
694-704 (June, 1932).—Cellulose is classified according to the 
part of the plant from which it is derived and in accordance with 
its industrial uses. Cotton is the main textile cellulose fiber, and 
since it consists of one tubular cell its position will never be seri- 
ously endangered by flax, jute, hemp, and similar fibers which are 
really bundles of fibers cemented together. The chemistry and 
economics of the paper-making fibers is discussed and it is shown 
that the high cost of collecting straw and cornstalks renders their 
use impracticable, although the waste fiber from sugar operations 
could be utilized. Under cellulose derivatives we have a short 
account of nitrocellulose, rayon, cellulose acetate, and cellophane. 

DCL. 

Refrigeration in chemical industries. A survey of applications. 
D. H. Kmtverrer. Ind. Eng. Chem., 24, 601-5 (June, 1932).— 
The necessity and importance of refrigeration in the chemical 
process industries is discussed under six headings: (1) Liquefac- 
tion of Gases, discusses the production of liquid air, CO: and Clo. 
Low-temperature condensation is also essential in the production 
of CS:, CCl, and other organic liquids especially where there is 
a fire hazard. (2) Solidification of Liquids. Vegetable lards 
and margarine are mixtures, and if allowed to cool slowly will 
not be uniform, so rapid chilling is necessary. (3) Crystallization. 
Phase rule studies of salt mixtures often requiré close temperature 
control. In the potash industry low-temperature crystallization 
often avoids the expensive evaporation of water. (4) Separation 
of Mixtures. Manufactured gas and tar distillates are purified by 
condensation of impurities. In air-conditioning required in some 
industries, such as rayon, the low humidity is best obtained by 
refrigeration. Similar use is made in solvent recovery, condens- 
ing CO from He: in water gas, separating gasoline from natural 
gas. (5) Control of Reactions. This is important in many indus- 
tries, such as nitration, azo dyes, photography, bakeries. (6) 
Miscellaneous Applications include quick freezing of foods, silk 
weighting, petroleum refining, cellulose acetate manufacture, 
hide storage, candy manufacture, medicine, and wae 

Druk. 


Urea-ammonia liquor: a new fertilizer material. F. W. 
PARKER AND F. G. KEENEN. Chem. & Met. Eng., 39, 540-1 
(Oct., 1932).—Urea-ammonia liquor is essentially a solution of 
crude urea in aqua-ammonia. Specific gravity is the same as 
water. Total ammonia content is 55%. Two-thirds of the 
ammonia is inorganic, mostly uncombined; one-third is urea. 
The liquor is therefore a source of both organic and inorganic 
nitrogen in the ratio often found in complete fertilizers. The 
water content is 20%, but this does not make it stick to the walls 
of a mixer. It is shipped in 11,000 gal. steel tank cars and may 
be used as shipped, diluted, or in the same manner as anhydrous 
ammonia. As a fertilizer it has the same ‘availability’ as 
ammonium sulfate and is superior to it in that it does not increase 
soil acidity. Urea is superior to other organic sources of am- 
monia and is an exceptionally good source of nitrogen for tobacco, 
potatoes, and many truck crops. It is not readily leached from 
the soil by heavy rains. In the soil urea is converted into am- 
monia compounds and these in turn into nitrates. The plant 
can absorb the urea as such. J. W. H. 

Life from the Dead Sea. Ind. Bull. of Arthur D. Little, Inc., 
70, 4 (Oct., 1932).—Exploration of the Dead Sea indicates that 
this locality is probably one of the richest sources of chemicals 
in the world. Thus the Dead Sea, which once permitted the 
growth of no living thing, ‘‘may provide food wherewith to culti- 


vate and make green the wastes of Araby, and to fertilize the 
fields of Europe and America.” 


Magnesium bromide is being 


produced at the rate of atonaday. When it is realized that the 
concentration of magnesium bromide is from two to three times 
that of the German potash brines, and from three to five times 
that of the American brines, the statement that this material 
can be shipped to England in direct competition with the Ger- 
man product does not seem unreasonable. The Dead Sea possi- 
bilities of potash are almost unlimited. It is estimated that as 
a result of enlarged plant facilities, 10,000 to 12,000 tons of pure 
potash will be extracted in 1933 as against 2500 tons in 1931. 
G. O. 
Chemistry in the glass industry. R.A. MILLER. Chemist, 9, 
765-8 (Oct., 1932).—The great increase in quantity production 
in various branches of the glass industry has been the result of 
mechanical research. The composition of the great bulk of the 
glass made today remains the same that it was in medieval 
times. Chemistry is primarily important in the analysis and 
control of raw materials and of the finished products. Consider- 
able investigation of the color effects of various metallic oxides 
and of colloidally dispersed metals has been carried out. It has 
been found possible to control the optical properties of glass by 
careful control of its composition. There is much room and need 
for further productive research in this field. E. R. W. 
Krypton chloride. Science, 76, 10 (Oct. 7, 1932).—Drs. A. 
Von Antropoff, K. Weil, and H. Frauenhof of the Chemical Insti- 
tute at Bonn have produced what they believe to be krypton 
chloride by a combination of low pressure, low temperature, and 
electric discharge. This is the first time that krypton, one of the 
rare gases, has been forced into chemical union. G. H. W. 
The isolation of hexuronic acid. E. K. NELSON. Science, 
76, 345 (Oct. 14, 1932).—Difficulties encountered in the isolation 
of hexuronic acid from orange juice are brought to the attention 
of others working in this field. The lead acetate used must be 
free from traces of copper, as this metal catalyzes the oxidation of 
hexuronic acid; unfermented juice eliminates the possibility of 
having metabolic products of the yeast carried through with hex- 
uronic acid; best results are achieved with absolutely dry re- 
agents and a dry room in which to work. G. H. W. 
Ultra-violet light and forgery. E. W. Stern. Sci. Am., 147, 
204-6 (Oct., 1932).—The quartz mercury vapor arc which 
radiates a high percentage of ultra-violet rays has come to be of 
great value in the detection of forgeries. The filtered ultra- 
violet light causes the phenomenon of fluorescence when it 
strikes certain substances, a number of which are used in docu- 
ments. This enables experts to distinguish certain materials 
from each other, brings certain things that are invisible under the 
microscope into visibility, and makes possible the photographing 
of the peculiar effect of the ultra-violet light. Erased signatures, 
dates, etc., may often be seen quite clearly. a. W. 
The nicotine and ammonia contents of tobacco smoke. L. 
BarRTA AND E. Tooter. Z. angew. Chem., 43, 671-3 (Oct. 22, 
1932)—Two types of smoke are formed in smoking cigarettes 
or cigars: the ‘‘outer smoke’’ which rises from the glowing 
tip and the “inner smoke’’ which is drawn through the cigarette 
or cigar. The authors arrive at the following results from their 
experiments: (1) 93.5% of the nicotine content of cigarettes es- 
capes in the smoke. (2) The distribution of nicotine in the outer 
and inner smoke depends on the time the cigarette is glowing. 
(3) The ammonia content of the cigarette smoke (1.08 to 1.68%) 
is larger in every case than the ammonia content of the tobacco 
(0.21 to 0.88%). (4) Independently of the time of glowing the 
greater part of the ammonia (73 to 93%) is found in the outer 
smoke. L. S. 
Hardwood distillation faces new economic and raw material 
problems. R. S. McBripe. Chem. & Met. Eng., 39, 534-8 
(Oct., 1932).—Wood-distillation plants are affiliated with various 
types of industries as the charcoal-iron business, the lumbering 
industry, other chemical establishments; or they may operate 
independently. These plants always go to the source of their 
raw material due to the bulky character of wood and its high 
cost of transportation. It is therefore limited to those areas 
where there is an abundance of hardwood at low cost. The 
principal woods used are maple, beech, birch, oak, hickory, cherry, 
and tupelo. The average cost of wood is $3.50 to $4.00 a cord, 
delivered and stacked up at the factory. Forty to fifty cents 
per cord must be added to cover interest, insurance, taxes, and 
storage. One cord of air-dried (25% water) hardwood yields 
on the average 50 bu. charcoal, 10'/, gal. crude methanol, 200 
lb. acetate of lime, 22 gal. tar and oils, 7000 cu. ft. gas, 1850 
lb. water. Charcoal sets the marketing pace of these products, 
as its bulky character soon taxes storage space if it is not sold. 
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The total value of the products of this industry in the United 
States was $19,478,000 in 1929 and $7,400,000 in 1931. 
J. W; B: 

Rotenone. Ind. Bull. of Arthur D. Little, Inc., 70, 3 (Oct., 
1932).—Rotenone is the poisonous principle of various plants of 
which derris root and Cube are typical examples. Since the origi- 
nal patent on the use of derris root or tuba extract is now ex- 
pired, this material is open for exploitation. The price of rote- 
none is high—in the neighborhood of $25 per pound—but the 
high cost does not rule it out as an insecticide or poison since 1% 
mixed with 99% of clay is said to be a most active poison for 
cockroaches, and one-tenth per cent. solution is a good household 
spray. It is a splendid contact insecticide. In the National 
Geographic Magazine, September, 1930, is a picture of a native of 
Murray Island in the Torres Straits catching poisoned fish by 
hand. In various parts of the Tropics a number of different 
plants, particularly of the pea and bean family, are used for the 
poisoning of fish and all cold-blooded life. It is thirty times as 
poisonous as lead arsenate. Rotenone is sensitive to light. 
Vigorous efforts are being made to find either a means of protect- 
ing rotenone from the light or some derivative of rotenone which 
is toxic but not light-sensitive. The use of rotenone in fly sprays 
has, it is said, been patented by a large oil company. It is hoped 
to bring down the price of the roots by plantation methods or 
to make the active ingredient synthetically. G. O. 

Easy ways to identify modern alloys. W.G.Hammonp. Pop. 
Sct. Mo., 121, 92 (Nov., 1932).—By means of chemical reaction 
toward nitric acid, magnetism, and specific gravity tests, many 
modern alloys may be classified into groups. ET. B. 


Plastics with special reference to phenol-aldehyde condensa- 
tion products. A. V.H. Mory. Rep. New Eng. Assoc. Chem. 
Teachers, 34, 17-20 (Sept., 1932).—A number of the industrial 
applications of the phenol-aldehyde condensation products are 
briefly mentioned. 

Phosphoric acid imposes severe corrosive burden. W. C. 
WEBER. Chem. & Met. Eng., 39, 542-5 (Oct., 1932).—Phos- 
phoric acid in point of volume of production ranks well up with 
hydrochloric and nitric acids. Since phosphorus is one of the 
three essentials of the fertilizer triad, the fertilizer industry is one 
of the largest users of phosphoric acid. This article is concerned 
with the sulfuric acid plus phosphate rock method of production. 
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It employs continuous digestion and continuous counter-current 
washing of the gypsum sludge. This is done under conditions 
which subject the materials of construction to very severe service. 
In general stoneware and high silica, acid-resisting bricks, and 
cement are thoroughly resistant. Lead is the only satisfactory 
metal, but must not be subjected to the gases evolved. A low- 
carbon chrome-nickel-molybdenum steel is the only good alloy. 
A long staple nitrated cotton has been developed for filtration 
of acid up to 35% P.O; at temperatures of 70°C. Interior sur- 
faces of tube mills for grinding phosphate rock are lined with a 
special rubber lining. Agitation tanks may be of steel, wood, or 
concrete. All electric motors must be enclosed as protection 
against fumes, dust, and spillages. Asphalt-covered — _ 
are used wherever there is danger of spillage. J.W 

Chemical plant design. R.Woopwarp. Chem. & Met. pa 
39, 552-5 (Oct., 1932).—The object in planning any chemical 
manufacturing process is to produce a commodity on a manufac- 
turing scale at a lower cost or in a more usable form than has been 
done before and, at the same time, to utilize cheaper raw ma- 
terials, if possible, to produce less non-salable waste than for- 
merly, or to abate all effluents that might create a public nuisance. 
The logical way to carry this out is first to make an economic 
analysis, followed by a laboratory investigation and development 
of a tentative flow sheet, then a determination of tentative design 
and cost estimates, a semi-works plant investigation and develop- 
ment of final flow sheet. This must be followed by a detailed 
engineering study of equipment and buildings with final cost 
estimates. Each one of these items is discussed in detail. 

J. W. H. 

Facilitating higher vacuums in industrial processes. D. H. 
Jackson. Chem. & Met. Eng., 39, 549-51 (Oct., 1932).—Along 
with the tendency to use high pressure in many industrial proc- 
esses is the extensive development of low pressures approaching 
absolute vacuum. 

The steam-jet type of vacuum producer (known as ejector, 
evactor, or thermocompressor) is the most recent type used. It 
has no moving parts and works much better than any type of 
mechanical vacuum pump. A single stage unit consists only of 
a steam nozzle fitted in a small suction chamber which is attached 
to a combining throat. It is used in the petroleum industry for 
fractionating; in the vegetable oil industry for deodorizing pur- 
poses; and for the vacuum refrigerating process. W. 4H. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Organo-alkali compounds. C.B. Wooster. Chem. Reviews, 
11, 1-91 (Aug., 1932).—This article discusses mono-alkali com- 
pounds, their physical properties and constitution; the addition 
of alkali metals to multiple carbon-carbon bonds; the addition of 
alkali metals to multiple bonds between carbon and other ele- 
ments; organo-alkali compounds as intermediates in chemical 
reactions. J. W. E. 

Crystal energies of ionic compounds and thermochemical 
applications. J. SHERMAN. Chem. Reviews, 11, 93-169 (Aug., 
1932).—A discussion of the lattice energy of ionic crystals; 
the Born-Haber thermochemical cycle and its applications; and 
crystal energies obtained independently of the Born theory. 

J. Wi Hi. 

Indium available in commercial quantities. W.S. Murray. 
Ind. Eng. Chem., 24, 686 (June, 1932).—Although discovered in 
1863, due to its scarcity but little work has been done in utilizing 
indium. Its physical and chemical properties are listed. Ore 
deposits have recently been discovered and developed. Most at- 
tempts to utilize it have been along electrochemical lines. It can 
now be plated singly or simultaneously with other metals. New 
uses will probably be developed in automotive, electrical, jewelry, 
and dental fields. BD. C.-E. 


Progress report in organic chemistry 1929 to 1931. II. 
Acyclic series. H.KLEINFELLER. Z. angew. Chem., 43, 625-39 
(Oct. 1, 1932)—I. Hydrocarbons. 1. Pyrolyses. 2. Polymeri- 
zation of Simple Olefines. 3. Addition Reactions of Unsaturated 
Hydrocarbons. 4. Polymerization of Dienes. 5. Caoutchouc. 
6. Polymerization of Acetylene. 7. Derivatives of Acetylene. 
II. Alcohols. 1. Reactivity of the Hydroxyl Group. 2. High 
Molecular Alcohols. 3. Polyvalent Alcohols: Glycerin. III. 
Peroxides. IV. Oxy-Carbonyl Compounds. V. Fatty Acids. 
1. Reduction. 2. Electro-Synthesis of Hydrocarbons. 3. 
Dibasic Acids. VI. Unsaturated Acids. 1. Polyen-Carbonic 
Acids. 2. Hydrogenation. 3. Additions. 4. Removal of 
Carboxyl Groups. 5. Polymerization. VII. Oxy-Acids. 1. 
Formation of Complexes. 2. Oxydation. 3. Biochemical Re- 
actions. VIII. Oxo-Acids. IX. Amino Acids. 1. Syntheses. 
2. Identification. X. Polypeptides. %. Determination of Struc- 
ture. 2. Decomposition by Alkalies and Ferments. 3. Glu- 
tathion. XI. Oxides of Carbon, Urea. XII. Uric Acid. 
XIII. Cyan Compounds. 1. Dicyan. 2. Pseudohalogens. 3. 
Polymeric Fulminic Acids. 

One hundred thirty-seven references are listed. L. S. 


HISTORICAL AND BIOGRAPHICAL 


An ancient Chinese treatise on alchemy, entitled ‘“Ts’an 
T’ung Ch’i,” written by WEI Po-yAnc about 142 A.D., now trans- 
lated from the Chinese into English by Lu-Cn’1Anc Wu, with 
an introduction and notes by TENNEY L. Davis. Isis, 18, 210- 
89 (1932).—A translation of the earliest known treatise in any 
language devoted exclusively to the subject of alchemy, and the 
first translation of the whole of a Chinese treatise on alchemy 
into a European language. The introduction summarizes what 
has been previously known to European scholaxs concerning 
Chinese alchemy and contains some new material. The notes 
facilitate a comparison of Chinese with European alchemy. 





Alchemy appears to have arisen spontaneously in China, in 
the third century B.C., as an offshoot from the magical and fan- 
tastic side of the Taoist religion. Chinese alchemists worked 
with cinnabar, litharge, etc., the same materials as were later 
used by the European alchemists, and they attempted to prepare 
artificial gold and the pill of immortality. They sought artificial 
gold not because of its value but because of its magical efficacy. 
Food eaten from vessels of artificial gold produced longevity. 
They sought by chemical means to produce the pill of immortality 
by which one might become a hsien or benevolent and immortal 
supernatural being possessing extraordinary powers. Chinese 
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alchemical theory is based upon the very ancient Chinese notion 
of the five elements (wu-hsing) and upon that of the two con- 
traries (yin-yang) which first appeared in Chinese thought at 
about the same time that alchemy appeared and that Taoism 
took on its magical and fantastic relationships. The Ts’an 
T’ung Ch’i in many respects resembles the later treatises of the 
Arabs and Latins, in its figurative language, in its obscurity and 
evasiveness, in the advice which it gives to the aspiring alchemist, 
in the declared intention of its author to be clear and explicit, and 
in the author’s feeling of his own inadequacy as an expositor of 
so noble a science. It describes precisely the same alchemical 
process as does the “Speculum Alchemiae’’ [see J. CHEM. Epuc., 
8, 1945-53 (1931)] which is ascribed to Roger Bacon—the proc- 
ess in which the two contrary principles are heated together in a 
closed vessel, gently at first and then more strongly, in such 
manner that the flames reverberate around the — ~~ the 
heat does not escape. ae. 
Enquiry into the authorship of the “Ordinall of Alchimy: » M. 
NIERENSTEIN AND P. F. CuapMan. Isis, 18, 290-321 (1932).— 
After examining numerous conflicting statements concerning that 
Thomas Norton of Bristol who is reputed to have written the 
“Ordinall of Alchimy,’’ Nierenstein and Chapman have examined 
the ancient records of the corporation of Bristol, especially as 
they relate to several Thomas Nortons who lived at about the 
time at which the ‘‘Ordinall” is supposed to have been written 
(the author claims that he commenced it in the year, 1477) and 
report that they find no evidence which justifies the definite 
ascription of the treatise either to Thomas Norton as is shown on 
the title-page of Maier’s ‘“‘Tripus Aureus’’ or to Thomas Norton 


of Bristol as is done in Ashmole’s ‘‘Theatrum Chemicum Britan- 
TL. L.A. 

Z. angew. Chem., 43, 605 
Ls 


nicum.”’ 

Angelo Knorr. G. REDDELIEN. 
(Sept. 24, 1932).—A biography. 3s 

An administrative chemist. H.G. Byers. Chemist, 9, 748- 
54 (Oct., 1932).—The story of the life of Henry G. Knight, the 
new president of The American Institute of Chemists. E.R. W. 

Some elements of group V. ‘A classic of science.” Sci. 
News Letter, 22, 230-2 (Oct. 8, 1932).—This ‘‘classic of science”’ 
includes the following three papers: ‘‘An Analysis of a Mineral 
Substance from North America’ by Charles Hatchett [Phil. 
Trans. Royal Soc. (London), 1802]; ‘‘Memoir on the Properties 
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of Yttria Earth Compared with those of Glucine; on the Fossils 
in which the Former of these Earths is Contained; and on the 
Discovery of a new Substance of a Metallic Nature” by A. G. 
Ekeberg [Phil. Mag., 1802]; ‘“‘Ueber das Vanadin” by N. G. 
Sefstrém [Poggendorf’s Ann., 1831]. 

Gov. Winthrop of Massachusetts is credited with having fur- 
nished the mineral from which this Englishman, Hatchett, iso- 
lated an ‘‘acidifiable’’ metal which he named columbium in recog- 
nition of its source. A list of eight of its properties are presented 
in the paper which was published in 1802. In the mineral the new 
element was in combination with iron. Its properties placed it 
intermediate between arsenic, molybdenum, and chromium on the 
one hand and uranium, titanium, and tellurium on the other. 

Tantalum was first found in a mineral from some fossils and in 
combination with iron and manganese. Its name was selected 
from mythology and is supposed to indicate its insolubility in 
acids. It is said to resemble tin, tungsten, and titanium in that 
respect and also in its solubility in alkalies. It too was first re- 
ported in 1802. 

Vanadium’s discovery was in 1830. It was not isolated from 
a mineral but from wrought iron bars. In properties the author 
of the paper, Sefstrém, finds it resembling chromium and uranium, 
but sufficiently different from both to be declared a new element. 
Its name was also derived from mythology. Boe. e 

Quinine from Peruvian bark. ‘A classic of science.’ Sci. 
News Letter, 22, 246-7 (Oct. 15, 1932).—This ‘‘classic of science”’ 
is a translation of the paper “‘Recherches chimiques sur les Quin- 
quinas” by Pelletier and Caventou, which appeared in the An- 
nales de Chimie et de Physiques for 1820. 

By successive extraction with water, alcohol, dilute potassium 
hydroxide, and lastly water slightly acid with hydrochloric a 
crystalline solid was obtained which the authors choose to call 
cinchonine. Their tests characterized it as relatively insoluble 
in water, quite soluble in alcohol, decomposing before fusing, 
alkaline toward litmus yet containing no nitrogen in its composi- 
tion. BG. Ff. 

Educating chemists in Canada. N.N. Evans. Chemist, 9, 
759-64 (Oct., 1932).—The history of McGill University dealing 
especially with the development of the chemistry department. 
The first recorded course in chemistry was offered in 1861 by 
Professor W. Sutherland, M.D. E. R. W. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


An attempt to vitalize chemistry teaching in the high school 
through a modified form of the unit-assignment technic. G. V. 
Bruce. Sci. Educ., 16, 392-403 (Oct., 1932).—This is a con- 
tinuation of the February article (not abstracted in the J. CHEM. 
Epuc.). The four steps employed in the unit technic involve the 
following four stages: (1) presentation, (2) study period, (3) 
organization, and (4) evaluation. These steps are briefly de- 
scribed. 

The author describes an experiment carried out in teaching 
two chemistry classes. One class was taught by the daily- 
assignment method and the other by the unit-assignment method. 
The author came to the following interesting conclusions: (1) 
The unit method is slightly less effective than the daily assign- 
ment method in teaching those parts of chemistry that call for 
factual memory. (2) The unit assignment method is practi- 
cally equal to the daily assignment method in those parts of chem- 
istry that involve mechanical application of principle. (3) The 
unit method is considerably superior to the daily assignment 
method in those parts that involve practical application and ap- 
preciation of chemistry in its relation to industry and to the home 
and life. (4) The unit method possesses an appreciable 
superiority over the daily assignment method in providing for 
individual differences as indicated by the more uniform perform- 
ance of all members of the class. (5) Chemistry subject matter 
learned under the unit assignment method, will be retained more 
effectively than that learned under the daily assignment method. 

Oe ae 

A plan for developing a better technic in giving science demon- 
strations. E. M. Sre.perc. Sct. Educ., 16, 417-20 (Oct., 
1932).—The writer lists the most frequent errors made by 
student-teachers in giving science demonstrations. A detailed 
plan of procedure for presenting science demonstrations is in- 
cluded. Co MP. 

The use of models to show the electron transfer in equations. 
A. L. Pouteur. Rep. New Eng. Assoc. Chem. Teachers, 34, 2-6 
(Sept., 1932).—The use of models saves time for both teacher 
and student. These models consist of wooden balls 15/s” di- 


ameter with eight sleeves inserted in the same positions as in the 
Lewis Langmuir models and represent any shell. The electrons 
are beads of suggestive colors which can be inserted in any posi- 
tion and, with the use of springs and rods, make compounds. 
[See PouLEur, “‘Atomic and Molecular Structure Models as a 
Visual Aid in the Teaching of Chemistry,” J. Cem. Epuc., 9, 301- 
16 (Feb., 1932).] OC, 
Slide-rule simplifies gas calculations. P. F. Marx. Chem. 
& Met. Eng., 39, 556-7 (Oct., 1932).—As a direct relation exists 
between molecular weight, specific gravity, temperature, pres- 
sure, weight, and volume of a gas, it is possible to apply this rela- 
tion, through the use of logarithms, in the construction of a slide- 
rule. The basis of the rule is the relation of molecular weight to 
the weight of a gas in pounds per cubic foot, which, in connection 
with the laws of Boyle and Charles, gives all the data necessary 
to construct the scales. A complete illustration of the slide-rule 
is given and illustrative problems solved with its use. 
Wis. 
Experiments with carbon. M. Melrster. Sci. Classroom, 
12, 3 (Nov., 1932). B. 
Chart of recent aliphatic chemicals. I. 
Eng. Chem., News Ed., 10, 6 (Jan. 10, 1932). G. W. S. 
The effective use of visual aids in science instruction. L. P. 
Miter. High Sch. Teacher, 8, 352 (Nov., 1932).—‘‘Use of 
ready-made equipment and stock still pictures and motion pic- 
tures can be overdone” is an estimate the author places upon 
visual aids. “Going from meaningless words to equally meaning- 
less pictures is not progress,”’ he continues. ‘‘Visual aids are 
justifiable when they permit pupil-activity. If there is to be 
creative learning (there should be)... ‘student intellectual 
adventures.’ To achieve this the effective visual aids should 
include those planned and constructed by the pupils themselves; 
and those produced commercially for which real needs exist.’ 
He gives a reference list which proffers aid for contact and pro- 
jection photoprinting, for finding film slides and still films as well 
as motion-picture films. Several sources of ready-made visual 
aids are given also. BY CoH: 


A. Lowy. Ind. 














Provut’s Hypotuesis. ALEMBIC CLUB REpRINT No. 20. 
Papers by William Prout, M.D. (1815-16), J. S. Stas (1860), 
and C. Marignac (1860). Edinburgh: Published by the 
Alembic Club. Edinburgh Agents: Oliver and Boyd, Tweed- 
dale Court. London Agents: Gurney and Jackson, 33 
Paternoster Row. 19382. 58pp. 18.2 X 12.2 cm.. $0.65. 


Prout’s Hypothesis—that the atomic weights of the elements 
are multiples of that of hydrogen—dates from the papers which 
Prout published anonymously in 1815 and 1816 in Thomson’s 
Annals of Philosophy. The first of these, entitled ‘‘On the Rela- 
tion between the Specific Gravities of Bodies in their Gaseous 
State and the Weights of their Atoms,’’ contains more than a 
suggestion of Avogadro’s Principle. The second paper is shorter 
and was written for the purpose of correcting an error in the first. 
Both are reprinted in the present Alembic Club Reprint, along 
with extracts from a paper of Stas (1860), which denies the views 
of Prout, and a paper of Marignac (1860) which criticizes the 
paper of Stas and defends the hypothesis of Prout. 

The extracts from Stas end as follows—‘I conclude then by 
saying: as long as we hold to experiment for determining the laws 
which regulate matter, we must consider Prout’s law as a pure 
illusion, and regard the undecomposable bodies of our globe as 
distinct entities having no simple relation by weight to one an- 
other. The incontestable analogy of properties observed 
amongst certain elements must be sought in other causes than 
those originating in the ratio of weight of their reacting masses.” 

In spite of the experimental results of Stas, Marignac was con- 
vinced that the fundamental principle of Prout’s Hypothesis was 
valid. His paper contains a prophetic passage foreshadowing the 
idea of a ‘‘packing effect’? which Aston has recently stated as 
follows. ‘‘In the nuclei of normal atoms the packing of the 
electrons and protons is so close that the additive law of mass 
will not hold and the mass of the nucleus will be less than the 
sum of the masses of its constituent charges.” Marignac argued 
in 1860—‘‘Could we not suppose that the cause (unknown but 
probably different from the physical and chemical agencies 
familiar to us) which has determined certain groupings of the 
atoms of the sole primordial matter so as to give rise to our 
chemical atoms, by impressing on each of these groups a special 
character and particular properties, should not at the same time 
have exercised an influence on the manner according to which 
these groups of primordial atoms would obey the law of universal 
attraction, in such wise that the weight of each group might 
not be exactly the sum of the weights of the primordial atoms 
composing it?’ 

The present Alembic Club Reprint contains a feature which is 
an innovation in this series of reprints, an Historical Introduction, 
pp. 5-24, which greatly increases its interest and value. We 
think that the Introduction ought to carry the name of the 
scholar who wrote it, but we are grateful for it nevertheless—as 
we are grateful to the Alembic Club for the publication of this 
latest addition to its series of the classics of chemistry. 

TENNEY L. Davis 


Mass. Inst. oF TECHNOLOGY 
CAMBRIDGE, MAss. 


AN INTRODUCTION TO CHEMISTRY. Frank B. Kenrick, Professor 
of Chemistry, University of Toronto. The University of 
Toronto Press, Toronto, Canada, 1932. viii + 434 pp. 33 
Figs. 14.5 X 22.75 cm. $8.00. 

The purpose of this book, as stated in the Preface, is ‘‘to inter- 
pret in laboratory terms a number of the commoner words such 
as constituent, dissolved constituent, composition, solution, 
pure substance, element, atomic weight, molecular weight, 
chemical formula, ion, dissociation, and some others.’”’ A great 
deal of emphasis is placed on the language of chemistry. The 
book is divided into nineteen chapters, entitled as follows: 
“the manufacture of salt, chlorine and caustic soda, meaning of 
the term constituent substance; composition; the refining of 
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crude sugar, unsaturated solutions, supersaturated solutions, 
solubility, adsorption; the refining of crude sugar (continued), 
vapour pressure, boiling point, partial pressure, and partial 
vapour pressure; mechanical mixtures, solutions, and pure sub- 
stances; the elements; law of reacting weights, chemical sym- 
bols and formulas; water as a type of pure substances; the 
chemistry of water and of aqueous solutions; the constituent 
substances of water (oxygen and hydrogen), oxides and salts. 
valency; aqueous solutions; wood; the mass law, esterification, 
synthesis of ammonia, dissociation, electrolysis; air; rocks; 
methods of preparation—general; methods of manufacture, ap- 
plications of rules of reactions, electrolytic processes; the 
periodic system of elements, Mendelejeff’s table; chemical 
literature.” 

The order and treatment are a radical departure from that in 
other textbooks. ‘‘A great deal of the traditional descriptive 
matter has been omitted, and the usual order of presenting it 
has been modified.” 

We find in Chapter I that brine is pumped into an enormous 
tank called an evaporator, in which a “slurry” is obtained. 
Every 100 tons of slurry yield about 40 tons of salt and 60 tons of 
brine. The latter is subjected to electrolysis, chlorine, hydrogen, 
and “cell liquor” being obtained. The electrolysis of caustic 
soda is also discussed, as well as the manufacture of hydrochloric 
acid; also, the formation of water from hydrogen and oxygen. 

A great deal of stress is laid on quantitative relations, many 
equations being given, such as: 


92.0 g. cell liquor ——> 13.17 g. salt + 8.78 g. caustic soda 
+ 70.05 g. water. 


The author has much to say about a sei of constituent substances 
On p. 18 one finds: “‘A set of constituent substances of a material 
is either a set of substances into which the material can be turned 
quantitatively or a set from which it can be made quantitatively.”’ 
His use of the term “‘constituent substances’’ does not correspond 
to general usage, nor to the derivation of the word constituent 
(Latin con- + statuere). Dr. Kenrick says: ‘The term ‘a con- 
stituent substance’ may be used for one or more substances of a 
set of constituent substances.” 

In Chapter II, 32 pages are devoted to composition. Raw ma- 
terials, elementary composition, etc., receive attention. Com- 
position of mechanical mixtures is also discussed. A page (43) 
is devoted to an alloy of copper and gold; and, long before 
symbols, nomenclature, etc., are mentioned, the author speaks of 
“solid solutions of copper auride and copper.’’ Indeed, symbols 
of elements are not given until page 170 is reached; brief men- 
tion of nomenclature is made on page 205, and valency is dis- 
cussed on page 256. 

The author (p. 92) defines a mechanically mixed constituent 
as follows: ‘‘If the solubility of a constituent of a material is the 
same as the solubility of the constituent substance, determined at 
the same temperature and pressure and with the same solvent 
that constituent is a mechanically mixed constituent.” 

Dr. Kenrick places pure substances and solutions under the 
head of non-mixtures (p. 96). He says that air, for example, is 
not a mechanical mixture of gases. He defines (p. 106) a solution 
as “‘an intermediate member of a continuous series of non-mixtures.”’ 

Reacting weights (p. 166) are used instead of atomic weights, 
and the term equivalent or combining weight is not mentioned in 
the index. 

The constituents of water (oxygen and hydrogen) are dis- 
cussed in Chapter X (p. 224). 

Steel is not listed in the index. Chemical arithmetic is neg- 
lected. 

Enough has been presented to show that ‘An Introduction to 
Chemistry” is unique both as to content and arrangement. 
While the author clearly shows that he is a scholar, he has given 
us a book which is somewhat fantastic. A better title would be 
“Selected Chapters in Chemistry.” 
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The reviewer regrets that he cannot recommend this book for 
use as a text. It is not systematically arranged, well-balanced, 
nor teachable. Indeed, the author says: ‘‘The student specializ- 
ing in chemistry should, of course, read in conjunction with this 
book many others.” He also says: ‘This will not be found 
to be a ‘teachable’ book; a teachable book is a learnable book, 
and that is a most dangerous educational weapon. Chemistry 
is not a teachable subject; it is a thing to be struggled with.”’ 

WILLIAM FOostTER 


PRINCETON UNIVERSITY 
PRINCETON, N. J. 


EXPERIMENTS IN INORGANIC CHEMISTRY. J. S. Long, Ph.D., 
Professor of Inorganic Chemistry, and R. D. Billinger, Ph.D., 
Assistant Professor of Chemistry, Lehigh University. Times 
Publishing Co., Bethlehem, Penna., 1932. viii + 298 pp. 
26 Figs. 13.5 X 21.5cem. $1.75. | 


The number of pages given in the above description is some- 
what misleading. The printed pages number only 149; one 
side of each sheet is left blank. 

This laboratory book is designed for one semester’s work but a 
sufficient number of experiments is given to require almost one 
and one-half semesters for the average student. It is intended 
that beginners might omit some of the more difficult experiments 
and the student from a good high-school course might omit the 
simpler ones. Hence this manual will suit both types of students. 
All of the work usually included in an elementary course is covered 
here with the exception of that on the metals. Some of the 
experiments found here and not often in other manuals are: 
velocity of chemical change illustrated by the H.SO; + HIO; 
time reaction; chamber process for H,SO,; preparation of 
AsH3; a measure of catalysis by the decomposition of H,O.; 
preparation of Hg(CNS).. 

The book is well written and in sufficient detail so that it 
should be easy to follow. It might be better if a few more illus- 
trations were given. Each experiment is followed by an excellent 


series of questions. 
C. E. WHITE 


INIVERSITY OF MARYLAND 
COLLEGE ParK, Mp. 


EXPERIMENTAL CHEMISTRY FOR COLLEGES. J. Allen Harris 
and William Ure, Assistant Professors of Chemistry in the 
University of British Columbia. McGraw-Hill Book Co., 
Inc., New York and London, 1932. x+192pp. 21 Figs. and 
9 tables. 20.5 X 26.5cm. $1.25. 


The exercises are drawn up for first-year chemistry students. 
“The necessity of getting away from the methods of laboratory 
instruction in elementary chemistry in which the student is 
asked to perform a large number of short and chiefly qualitative 
experiments, ending in the sink, is becoming apparent to most 
laboratory instructors. Such experiments are better suited to 
the lecture table, and it has been our experience that the interest 
of the student can best be aroused and maintained by giving 
him a definite objective to attain during each laboratory period, 
whether it be the quantitative testing of some chemical principle 
or the careful preparation of some interesting compound. The 
experiments have also been carefully chosen so that during their 
execution the student absorbs a considerable knowledge of the 
chemistry of the process along with valuable experience in 
technic (such as fractional crystallization and distillation), 
without the need of separate experiments purporting to illustrate 
these operations but giving no indication of their importance or 
value in general chemistry.” To the best of the reviewer’s knowl- 
edge, the book is probably the first of its kind to appear on the 
market for all first-year chemistry students. He does know of 
two other manuals with the same purpose in mind, but intended 
for sophomore students or students who have had one year of 
high-school chemistry. Nevertheless there is a need for this 
kind of manual. 

The book contains 22 exercises, each “‘preceded by an intro- 
ductory section which discusses the field illustrated by the experi- 
ment, together with the theoretical considerations involved.” 


JouRNAL OF CHEMICAL EDUCATION 


These discussions are of excellent quality and make possible 
the use of this book with any standard textbook for first-year 
chemistry—although it should be pointed out that there are no 
textbook references in the book. The reviewer’s estimate of the 
amount of laboratory time required for the completion of these 
exercises is about 90 hours. A list of 38 typical chemical prob- 
lems is also included. 

In these days of economies, it is of interest to note that the 
authors ‘‘have found it quite feasible to subdivide a laboratory 
section into four groups of 20 each, each group working on 
an entirely different experiment.’’ The principle involved is 
sound, but the opinion of other experienced teachers is that a 
group of as many as 20 students working together with one set 
of apparatus is anything but wholesome. 

The leaves are perforated for ready removal from the book 
and triple-punched for re-filling in any standard notebook cover— 
a convenient feature. Some of the diagrams are extremely 
formal in appearance. For example, the student may find a 
second look at Figure 17 necessary in order to assure himself 
that one item in the set-up is to be of rubber tubing and not 
glass tubing. The diagram of the common gas burner appears. 
to have been made by following the cut-out design found in a 
celluloid Harcourt stencil. The beakers have an unusual angu- 
larity at the top. The amount of glass tubing required in Figure 
14 is uneconomical. The instructions in the diagrams are ex- 
cellent with a few exceptions, such as found in Figure 17 which 
calls for sulfuric acid whereas the descriptive matter requires 
hydrochloric acid. 

The exercises are divided into three groups illustrating: 
(a) “principles of chemistry”; (6) “preparation of elements and 
compounds’’; and (c) ‘‘reactions of electrolytes.” In the main 
the exercises are well chosen. From the discussion it is a little 
difficult to understand why there are two adjacent “high-tem- 
perature reactions,” preparation of potassium permanganate and 
chromates and dichromates. 

Quite a few statements are misleading to the discerning 
student. On p. 3, ‘‘By concentration, we mean the amount 
of substance present per unit volume.’ ‘‘Two kinds of ap- 
paratus are to be used for weighing,” yet the two kinds described 
are merely balances of different sensitivity. ‘‘Check your weight 
by counting the weights.’”’” The concept of molal as found on 
pp. 3 and 160 in particular is certainly not that of most chemists. 
The reader might easily believe that a normal solution is the only 
kind of standard solution. 

The symbol £ representing an electron is first used on p. 92 
and the legend is given on p. 100. The use of Arabic instead of 
Roman numerals for representing valence is to be commended, 
although there is a reversion on p. 76. In several instances the 
valence is placed at the side of the symbol. It is quite comfort- 
ing to find the concentration of acetic acid as the illustration of 
fractional distillation instead of the time-honored alcohol. The 
use of NasCO; instead of NaCHO; for standardization work is 
perhaps not so good, considering the fact that the remainder of 
the exercise is to be done with considerable accuracy. 

The book should be on the desk of every teacher having large 
groups of students who have had at least one year of high-school 
chemistry, even though a number of the procedures are doubtless 
quite familiar to many teachers of first-year students. 

JessE E. Day 
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ELEMENTARY QUALITATIVE ANALysIs. J. H. Reedy, Associate 
Professor of Chemistry in the University of Illinois. Second 
edition, McGraw-Hill Book Co., Inc., New York City, 
1932. x +163 pp. 13 Figs. 20.5 X 14cm. $1.50. 


The purpose of the author in the second edition of this book 
appears to be to place in-the hands of the student a set of reliable 
laboratory directions and, at the same time, leave ample oppor- 
tunity for interpretation of results. 

Part I takes up the analysis of the cations. Directions for 
preliminary tests are first given which are followed by directions 
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and schemes for the analysis of unknowns. Following each set 
of directions for preliminary tests is a list of questions and exer- 
cises on the material covered. Part II takes up the detection 
of the ions of the non-metals and Part III systematic analysis. 
The last twenty pages of the book are taken up with a convenient 
and useful appendix. 

The special features of the book may be said to be the use of 
several new procedures in the cation analysis and the use of a 
new scheme for detecting anions. Perchloric acid is used as a 
solvent for the sulfides of the tin sub-group; sodium is pre- 
cipitated by means of zinc-uranyl acetate reagent and potassium 
is precipitated by a concentrated solution of zinc perchlorate. 

This book, though following the same general lines as the first 
edition, represents a distinct improvement over it. It is written 
clearly, printed on excellent paper and bound in an attractive 
binding. The author is to be congratulated upon the good 
judgment he uses in an elementary discussion of qualitative 
analysis when he talks of ‘regulating the acidity” instead of 
“controlling the H* concentration” and when he refrains from ex- 
plaining all precipitations in terms of solubility product. The 
book should be well within the reach of the second or third 
semester college student and fills a definite need in the field of 
qualitative chemistry. 

LyMAN J. Woop 


St. Louis UNIVERSITY 
St. Louts, Missouri 


ORGANIC CHEMISTRY. G. Albert Hill, Professor of Organic 
Chemistry, Wesleyan University, and Louise Kelley, Professor 
of Organic Chemistry, Goucher College. P. Blakiston’s 
Son and Co., Inc., Philadelphia, Penna., 1932. viii + 564 pp. 
22 Figs. 14 X 21.5cm. $8.00. 


“This text is planned for an elementary .. . one-year course 
in organic chemistry.’”’ It contains two introductory chapters; 
the first (8 pages) presents briefly but clearly the historical back- 
ground of organic chemistry. The second takes up the develop- 
ment of empirical, molecular and structural formulas, including 
graphical structures. The idea of the shared electron bond is 
introduced at this point but rarely used in the later portions of the 
text. The phenomena of isomerism and polymerism as well as 
the broad classification of organic compounds into aliphatic, 
aromatic, and heterocyclic divisions are also given in this intro- 
duction. 

Beginning with Chapter III “‘the subject matter is presented 
systematically and in a form which should facilitate the student’s 
grasp of the fundamentals.”” The chapters on the alkanes, al- 
kenes, and alkynes are followed by one on halogen compounds. 
The discussion of the dihydric, polyhydric, and unsaturated 
alcohols is moved forward from their usual place in the text 
and placed at the end of the chapter on monohydric alcohols. 
All three systems of nomenclature are given for the alcohols with 
the emphasis laid upon the Geneva system. The phenomenon of 
optical isomerism is introduced under active amyl alcohol.: The 
ethers are given a brief but separate chapter followed by one on 
the aldehydes and ketones and this in turn by the carboxylic 
acids, including the acid chlorides and anhydrides. The chapter 
on esters includes both those of inorganic and organic acids to- 

- gether with the fats and fatty oils. The amines and amides are 
placed in the same chapter which also contains the nitriles and 
urea. Sulfur compounds, like the ethers, receive separate treat- 
ment but metallo-organic compounds are not included except as 
they appear in the synthesis or reactions of other types. 

Separate chapters are given over to each of the several varie- 
ties of substituted carboxylic acids. The one on dicarboxylic 
acids includes also the malonic ester synthesis and the barbitals 
and the one on unsaturated acids develops the phenomena of 
geometric isomerism. The chapters on halogenated acids, 
hydroxy acids, and ketonic acids follow in the order given. 
Amino acids and proteins are discussed more fully than usual and 
this chapter finds its place in the main body of the text. The dis- 
cussion of carbohydrates takes up the more recent views of the 
structure of the simple sugars somewhat in detail. A brief 
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chapter on the cycloparaffins closes the discussion of the aliphatic 
series and bridges over the gap between this group and the aro- 
matic compounds. 

The several types of aromatic derivatives are taken up in 
the usual order. The reviewer upon examining a number of 
recent organic texts was surprised to find p-benzoquinone, that 
classical example of the color-bearing quinoidal structure, 
“being bandied from pillar to post.’’ In the older texts it had 
its place along with aromatic aldehydes and ketones. More 
recently it has sometimes appeared in the chapter on phenols and 
now, because it is prepared from aniline, it appears in the chapter 
on aromatic amines. 

The discussion of polynuclear compounds, including naphtha- 
lene and anthracene, is followed quite naturally by one on dyes 
and this in turn by the terpenes and camphors. The chapter on 
heterocyclic compounds is, with equal logic, followed by a dis- 
cussion of the alkaloids and the book is closed by a section deal- 
ing with plant and animal substances which includes the hor- 
mones, enzymes, sterols, vitamins, lignin, rubber and the natural 
pigments; chlorophyll, carotene, and hemin. 

Those teachers who are seeking a text stripped of all the un- 
essential details will find here a clear and forceful presentation 
of the fundamental principles of organic chemistry. Many 
compounds of commercial, biological, or medical significance have 
been worked into the main stream of the development so that 
their presentation does not require a digression. 

The authors have enlivened the text by including, as foot- 
notes, brief biographical sketches of many of the outstanding 
investigators in the field of organic chemistry. This number 
could well have been increased and the addition of the pictures 
of these pioneers would have made the sketches more effective. 

The text contains many brief presentations of the industrial 
applications of organic chemistry. These, too, in the opinion 
of the reviewer, would have been improved by photographic 
reproductions of plant installations. A number of questions and 
exercises are added at the end of each chapter which will en- 
able the student to test his grasp of the fundamentals involved. 

The book is printed in large type on a good quality of paper 
and the typography, editing and proof-reading are unusually well 
done. 

Ceci, E. Boorp 


THE Onto STATE UNIVERSITY 
CoLumBus, OHIO 


LABORATORY METHODS OF ORGANIC CHEMISTRY. JL. Gatter- 
mann. Revised by Heinrich Wieland. Translated from 
the twenty-second German edition by W. McCartney, As- 
sistant in the Department of Medical Chemistry, University 
of Edinburgh. The Macmillan Co., New York City, 1932. 
xviii + 416 pp. 55 Figs. 15 KX 22cm. $8.50. 


The new translation of Gattermann is from the German edi- 
tion of 1930. The plan of the work is the same as that found 
in éarlier editions. Part A is devoted,to ‘Some General Labora- 
tory Rules’; part B to “Organic Analytical Methods’; part 
C to ‘“‘Preparations.”’ 

The theoretical discussions which follow the preparations 
have always been a very valuable feature of this book. They 
have been extended in the 1930 edition to take into account 
important new developments such as Diel’s diene synthesis, 
researches with polyenes and with hemin. Included for the 
first time are descriptions of two enzymic-processes. Alkaloids 
are also included for the first time and are represented by nicotine. 

The number of preparations described is large, eighty-six in all, 
with the intention of providing an opportunity for selection 
to fit individual needs. 

The translation is well done, and the book should be available 
to all students of organic chemistry. Print and paper are of 
good quality, and the binding is a great improvement over earlier 
editions. 

NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 






a 
i 
ft 


64 


THE INTERPRETATION OF THE Atom. Frederick Soddy, M.A., 
F.R.S., Dr. Lee’s Professor of Chemistry, University of Oxford, 
Nobel Laureate in Chemistry, 1921. G. P. Putnam’s Sons, 
New York City, 1932. xviii + 355 pp. 75 Figs. 14 X 22 
em. $5.00. 


This volume is primarily a revision of ‘‘The Interpretation of 
Radium.” In Part I ‘‘The Radioactive Elements and Isotopes” 
are clearly and thoroughly discussed by one who has contributed 
much to our knowledge of this field. The presentation is not so 
connected as would seem desirable, partly because the continuity 
is broken by frequent interpositions of extraneous material and 
occasional outbursts against recent trends in physics, such as the 
remark that “even the physicist is being subordinated to the 
modern transcendental mathematician and his strange ways of 
economizing, not to say avoiding, thought.” 

Part II is entitled ‘‘The General Progress of Atomic Chemis- 
try.” Those topics which are closely related to the subject 
matter of Part I are treated quite thoroughly and well; most 
others are discussed rather superficially. In the reviewer’s 
opinion such subjects as ‘‘The Structure and Spectrum of the 
Atom” and ‘“‘The Periodic Table” would be much better treated 
in introductory chapters leading up to the piece de resistance. 
These could also include much of the ‘‘non-radioactive”’ material 
now in Part I. With the present arrangement the book can 
hardly be recommended as an introduction to the subject. 

Much of Part II is devoted to the expression of the author’s 
scepticism regarding the Bohr theory, relativity theory, and wave 
mechanics, ‘‘a weird magic which hardly even pretends to be 
mathematics.”’ The reviewer remains unconvinced. The plaint 
that the new point of view ‘“‘has not yet succeeded in giving us 
any consistent or complete mental picture in place of the older 
and more mechanical views’’ does not alter the fact that the newer 
theories of mathematical physics (and chemistry) are real ad- 
vances, being in better accord with known facts of observation 
and experiment than previous theories. In the constant search 
for a truer and more complete picture, mathematics is sometimes 
a better guide than imagination. In such cases the mental pic- 
ture may lag far behind the mathematical expressions for the 
laws governing the phenomena. This is true with wave me- 
chanics. There is good reason to believe however that before 
long we shall have a picture more complete and more consistent 
than ever and, in some respects at least, more simple and more 
‘“‘reasonable.”’ 

On the other hand it is well to be reminded that many of the 
conceptions which, at one time or another, have been generally 
concurred in by the scientific world have later been superceded by 
very different ideas. Usually these who first propose new theories 
are themselves aware of their tentative nature and limited ap- 
plicability, but others who later extend, apply or teach these 
theories often lose sight of the limitations. (This is particularly 
true of elementary textbook writers, where simplicity and teach- 
ability often are considered more important than scientific ac- 
curacy.) 

Professor Soddy proposes to substitute for the accepted ideas 
as to light emission and propagation the hypothesis that light 
will not “travel except in directions occupied at both ends by 
matter.’’ Most physicists and astronomers will probably be as 
skeptical of this hypothesis as Professor Soddy is of others. He 
also enunciates a ‘‘Principle of Symmetry,’”’ that ‘“‘there is a 
marked tendency for the atom to assume the greatest possible 
symmetry as regards the number of electrons in the successive 
shells.” The reviewer does not believe that such a tendency 
exists. The supposed balancing of the K electrons by two 
valence electrons especially seems like stretching the facts to fit 
the theory. 

Several minor criticisms will be briefly mentioned. Professor 
Soddy, in common with many other writers, describes the Lewis 
theory of atomic structure in terms of the long-discredited 
cubic atom, although the evidence in favor of a tetrahedral rather 
than a cubical distribution is quite conclusive. In writing Lewis 


“dot formulas’ the dots representing shared valence electrons 
are replaced by plus signs, a change which is certain to find little 





favor. Sidgwick is given credit for the explanation of secondary 
valence compounds in terms of the Lewis theory, although this 
same explanation had previously been given by Lewis, by Lang- 
muir, and by thisreviewer. In a discussion of crystal lattices a 
(011) face is incorrectly designated (110) and certain interplanar 
distances are given as V2 and V8 rather than their reciprocals. 
Maurice L. Huccins 


THE Jouns Hopkins UNIVERSITY 
BALTIMORE, MARYLAND 


POPULAR ScIENCE Talks. VoL. 9. Ivor Griffith, Editor. 
Published by Philadelphia College of Phartnacy and Sciences, 
under the auspices of the American Journal of Pharmacy, 
Philadelphia, Penna., 1932. 319 pp. 15 X 23 cm. $1.00. 
The ninth volume of this popular series of talks, by members 

of the faculty of the Philadelphia College of Pharmacy and Sci- 

ence compares very favorably with its predecessors. Among the 
articles which would interest students and teachers of chemistry 
are: 

“Food Poisoning and Poisonous Foods’”’ by Chas. H. LaWall. 

“Silicon—The Element of a Thousand Uses’’ by Arno Vie- 
hoever. ; 

“Hum and Bug’ (an article exposing many of the popular 
patent medicines) by Adley B. Nichols. 

“Radioactivity” by George Rosengarten. 

“What Is Gas” by Freeman P. Stroup. 

“Cows’ Milk and Human Milk’? by Louis Gershenfeld. 

“The Story of Alcohol” by C. C. Pines. 

“Liquid Death” (an article on nitroglycerin) by Paul Q. 

Card. 

“Under the Lime Tree” (the lime being CaO) by George 

Wesley Perkins. 

As the foreword says, this book makes an “appropriate gift for 
students, preceptors, physicians, school and fraternity libraries.” 
_S. B. ARENSON 


UNIVERSITY OF CINCINNATI 
CINCINNATI, OHIO 


MISCELLANEOUS PUBLICATIONS 


ACCREDITED SECONDARY SCHOOLS IN THE UNITED STATES. 
U. S. Dept. of Interior. Supplement to Bulletin, 1930, No. 
24. U.S. Government Printing Office, Washington, D. C., 
1932. 38pp. 15 KX 23cm. $0.05. 

A review notice of Bulletin, 1930, No. 24 appeared in the 

J. Cuem. Epuc., 8, 417 (Feb., 1931). 


BIENNIAL SURVEY OF EDUCATION IN THE UNITED STATES, 
1928-30. Vor. II, CHap. VI. Sratistics oF PusLiic HicH 
ScHooLs, 1929-30. Prepared in the Division of Statistics 
by Emery M. Foster, Chief, and Russel M. Kelley, Assistant 
Statistician, with the codperation of Carl A. Jessen, Specialist 
in Secondary Education. U.S. Dept. of Interior, Bulletin, 
1931, No. 20. U.S. Government Printing Office, Washington, 
D. C., 1982. 95pp. 15 K 23cm. $0.10. 


CHEMICAL UTILIZATION OF Woop. Henry K. Benson, Chair- 
man, Division of Chemistry and Chemical Technology, Na- 
tional Research Council, Washington, D. C. U.S. Govern- 
ment Printing Office, Washington, D. C., 19382. (For sale by 
the Superintendent of Documents, Washington, D.C.) 151 
pp. 15 X 23cm. $0.15. 

This handbook, providing up-to-date information concerning 
chemistry in wood utilization, has been recently released by the 
National Committee on Wood Utilization (Axel H. Oxholm, 
Director) of the U. S. Dept. of Commerce. Beginning with a 
brief description of wood as a raw material and its physical 
properties and chemical composition, the report deals primarily 
with the different chemical processes and the products resulting. 
Wood pulp, naval stores, wood distillation products and the 
utilization of by-products are given exhaustive treatment. 
With each chapter a valuable list of references to existing tech- 
nical literature is included. 




















IRVING LANGMUIR 


Winner, among numerous other honors, of 
the second Nobel Prize in Chemistry which has 
been awarded to a citizen of the United States. 
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OMETHING IN RESERVE. When a billiard 
S expert runs a long string we are impressed almost 
to the point of boredom by the perfection of his 
technic. We soon cease to question at all whether or 
not he will make the shot he is actually playing at the 
moment; our attention begins to center upon the skill 
with which he gathers the balls together so that each 
succeeding shot shall be a comparatively easy one. 

When a chess master proceeds through a close open- 
ing and middle game, developing his pieces with beauti- 
ful and graceful economy and gradually building an 
apparently impregnable position, one follows with 
appreciation but in incomplete comprehension of the 
veritable virtuosity of the performance. Eventually, 
all being in readiness, he initiates a combination or 
launches an attack at some point potentially, though 
probably not obviously, weak. As the drama of the 
checkered stage unfolds we perceive—perhaps gradu- 
ally, perhaps in a sudden burst of illumination—the 
multiple entendre of this and that preceding move. An 
ostensibly cautious—even hypercautious—defense re- 
veals itself as a terrific engine of offensive warfare and 
as the engagement proceeds, either by a sudden bril- 
liant stroke, or through a sustained and inexorable 
pressure our master emerges in control of the situation, 
possessed of some significant material or tactical ad- 
vantage. 

When a peerless soprano pours out the sublime and 
confident faith of Handel’s “I Know That My Re- 
deemer Liveth,”’ there runs beneath the full flood of 
our joy in the experience an undercurrent of awed 
wonder at the pure effortlessness of the rendition. 

We might multiply examples indefinitely but it is 
apparent that at the root of true mastery in whatever 
field there is the secret of something in reserve—some 
store of skill, power, knowledge, insight, or strength, 
as the case may be, that is seldom exerted to the full in 
actual performance. What we too often forget or 
overlook is the fact that this same principle operates 
quite as surely, though less spectacularly, at levels 
below the heights of fame. No man is truly equal to 


his work unless he is superior to it. 


EDITOR’S OUTLOOK 
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This is shockingly at variance with popular philoso- 
phy. Young men are indeed exhorted to pick jobs 
too big for them and then grow up to their work. 
There is something plausible about such advice and 
occasionally it seems to work out well. Yet one may 
reasonably question whether much of the nervous ten- 
sion and basic frustration of modern life is not properly 
attributable to attempts to follow it rather than to that 
overworked scapegoat, the machine age. Surely no 
frog desperately engaged in the attempt to inflate 
himself to ox-like proportions can” be altogether at 
peace with himself and the world even while he is still 
far short of the bursting point. And, incredible as it 
may seem, frogs do burst. The mortality from this 
cause was appalling among the financial frogs of 1929. 

The crab, whatever his alleged failings, has the right 
idea in one respect. You never observe him in search of 
an out-size shell to grow up to. He outgrows the one 
he has, sheds it, and grows a new one. 

We enjoin the young against false pride and, while 
they seldom seem to us to need warning against false 
modesty, we are aware that there is such a defect. 
Few of us, however, recognize the dangers of false 
ambition. We would do well to convince first ourselves 
and then others that it is mot more honorable to be a 
third-rate stenographer than a first-rate cook, a 
mediocre engineer than a topnotch brick-layer, a 
nonentity among scientists than a jewel among labora- 
tory technicians. If the truth were only realized there 
is no just reproach in being a ribbon clerk: it zs 
infamous for a ribbon clerk to masquerade as a college 
professor under the mistaken impression that he is 
thereby aspiring to higher and nobler things. 

Nine times out of ten the man who has undertaken 
a job too big for him is not experiencing a healthy, 
normal growth which will enable him to fill it eventu- 
ally. He is harassed and beset by the everlasting effort 
to catch up or even to keep up. He never knows the 
calm and serenity which attend the discharge of duties 
well within his powers. He is never able to embellish a 
piece of work adequately done by adding the few deft 
touches that furnish outlet for his pride of craftsman- 
ship and reveal him as a master workman. He never 
has the satisfying consciousness of a reserve which will 
enable him to meet unforeseen emergencies with con- 
fidence. Far less has he the nervous and physical 
energy or the intellectual stamina left for any real living 
after his day’s work is over. All his personal resources 
are spread out as thin as an overloaded speculator’s 
margins; he has no good, sound government bonds in 
his safety deposit. 

The man who fills a job well within his powers and 
still fails to lay by a reserve is the only one who may 
justly be charged with indolence and lack of ambi- 
tion. He is the true clod, and he is a clod not because 
he is content to do the work he does but because he is 
content to do it less well than he might. 














AGATES 


JOSEPH W. HOWARD 


State University, Missoula, Montana 


Agate is one of the varieties of quartz and is composed 
essentially of silicon dioxide, colored by small amounts 
of various coloring matters. Onyx, sardonyx, carnelian, 
chalcedony, and moss agates are special varieties. Vari- 
ous theories have been put forward as to their formation. 
They have both decorative and practical uses. 
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NE of Nature’s favorite pastimes seems to be to 
() take some compound of fairly simple chemical 

composition and by varying its crystalline 
structure, or adding to it small amounts of different 
coloring matters, turn out beautiful gem stones of 
widely dissimilar appearance. Aluminum oxide, for 
example, may be made into a ruby or one of the va- 
rieties of sapphire by the addition of the proper coloring 
materials (1). Another oxide, that of silicon, lends 
itself to an even greater array of possibilities. 

While all quartzes are essentially silicon dioxide, 
have a hardness of seven, a specific gravity of 2.65, 
show conchoidal fracture, are infusible before the blow- 
pipe and are insoluble in the common acids, their 
variations in transparency, color, luster, and crystal- 
line structure give us a beautiful display of gems. 


CLASSIFICATION AND THEORIES OF FORMATION 


They are generally grouped (2) into two large classes 
according to crystalline nature and these are sub- 
divided chiefly according to color. The pheno, or 
plainly crystalline, includes rock crystal, amethyst, 
smoky quartz, rose quartz, and sagentic quartz; while 
the crypto, or obscurely crystalline, includes agate, 
onyx, sardonyx, carnelian, chalcedony, sard, chryso- 
prase, prase, plasma, bloodstone, jasper, basanite, 
flint, and horn stone. 

The agate is distinguished by the fact that it is made 
up of minute layers, which may be straight or wavy 
and with colors varying from white to gray, blue, 
yellow, red, brown, or black. These layers vary in 
thickness, the thicker-appearing being made up of 
many fine microscopic layers. In a single inch Sir 
David Brewster counted some 17,000 such layers. 
The fact that these layers differ in transparency and 
porosity is taken advantage of in artificial coloring. 
A common practice has been to boil the agate in honey, 
sugar solution, or olive oil until it has been taken up 
by the porous layer. Then ignition or immersion in 
hot sulfuric acid causes charring with its resultant 
brown or black color. The black may further be 
softened by treatment with nitric acid. 












Courtesy R. L. Harris, Miles City, Mont. 
LANDSCAPE AGATE 


Dreher (3) clearly outlines the general practices in 
coloring agates as follows: 


Desired Color Coloring How Obtained 

Red Iron Oxide From iron nitrate by 
heating 

Bluish Green Chromic Oxide From chromic acid or 
ammonium bichromate 
by heating 

Apple Green Nickel Oxide From nickel nitrate by 
heating 

Brown Caramel From sugar by strong 
heating 

Blue Prussian Blue From potassium ferro- 
cyanide and ferric sul- 
fate 

Blue Turnbull’s Blue From potassium ferri- 
cyanide and ferrous 
sulfate 

Black Carbon From sugar and sul- 
furic acid 


Shades often vary with the same coloring matter 
due to differences in the porosity of agate layers. 
If these layers contain fats or oils they must first be 
removed with sodium hydroxide solution, while oxides 
of undesirable color are removed with nitric or hydro- 
chloric acid. Most of the agates seen in use have been 
artificially colored. 

These coloring processes aid us in determining the 
size of the pores in the layers, since two to three 
weeks are required for the large sugar molecules to 
penetrate, while only a few hours are necessary for the 
adsorption of the smaller molecules of sulfuric acid. 
They are generally estimated (4) as being of not 
greater diameter than one-five millionth of a milli- 
meter. * 

Several theories have been advanced to account for 
the method used by nature to form agates. The 
layered structure appears to be due to successive 
depositions of silica in rock cavities. In many cases 
the containing rock is a volcanic one of basic compo- 
sition, molten lava having caused steam cavities of 
various shapes. The water alternately entering and 
leaving these cavities has left layers deposited on the 
interior walls, thus building the agate from the out- 
side inward. If this were true it is hard to explain 
why the first two or three layers would not close the 
cavity to succeeding deposits. A further objection is 
that agate cutters find these outer layers especially 
hard and impervious to liquids. In those cases where 
an apparent conduit leads outward from the interior 
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American Museum of Natural History, N. Y. 
DisH CARVED FROM CHINESE Moss AGATE 


of the agate, this explanation is satisfactory, but it is 
unfortunate for the theory in those cases where no 
such channel can be found. 

A later theory accounts for the agate formation by 
the rhythmical deposition of various salts in a silica 
colloid, which had first more or less filled the cavity. 
The carrying out of a laboratory experiment perhaps 
best illustrates the working of thistheory. Hence direc- 
tions (4) are given for it: ‘‘Dissolve 3 grams of gelatin 
in 60 cc. of water, add 3 drops of a 5% solution of citric 
acid and 4 drops of a 10% ammonium bichromate 
solution. Stir the liquid and pour some of it on a 
clean glass plate. Allow to harden for one to two 
hours. Then with a glass rod that has been dipped 
into a 25% solution of silver nitrate draw a band of 
silver nitrate around the outer edge of the gelatin. 
Put the plate in a cool dry place not exposed to sun- 
light and watch the course of reaction.” Gradually 
the silver nitrate will penetrate the gelatin and re- 
acting with the ammonium bichromate form a red ring 
of silver chromate. This will draw sufficient ammonium 
bichromate from the adjacent neighborhood to form a 
zone free from it, and hence colorless, just beyond the 
silver chromate ring. The excess silver nitrate how- 
ever pushes on through this colorless zone until it 
comes in contact with a fresh supply of ammonium 
bichromate forming a second red ring and its colorless 
zone. Continuation of this process gives a banded 
structure. This phenomenon was first discovered by 
Liesegang (5) and hence is generally known as ‘‘Liese- 
gang’s rings.” 

This theory also explains the frequent occurrence 
of crystals at the interior of agates. Crystals cannot 
form in colloids due to surface tension, but as this 
tension is relieved at the hollow interior of the nodule, 
complete crystallization can take place there. 

The shape of the cavity is responsible for the general 
pattern of the agate, the end-product often resembling 
an eye, ring, rod, ribbon, ruin, or fortification. 

As the nodule is generally much harder than its 
surrounding rock it is often released by weathering 
processes and found on sea and lake shores, or river 
bottoms many miles from the place of its formation. 

If the layers are in even planes of uniform thickness 
so formed that they can be engraved with relief of 
one color and background of another, in other words 
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are suitable for cameo making, that special variety of 
agate is called onyx. The name means finger nail, 
due to a fancied resemblance. If one layer had the red 
color of the sard the stone was designated sardonyx 
or carnelian. Cameo making reached a high perfec- 
tion among the ancients. Some of the finest examples 
of stone engraving which have descended to us are 
certain vessels in onyx elaborately ornamented with 
cameo work, such as the cup of the Ptolemies, the 
Farness Tazz, and the Manturan or Brunswick Vase. 

Two other important varieties of agate are chal- 
cedony and moss agate. 

Chalcedony gets its name from Chalcedon in Asia 
Minor, the place of its first discovery. It is very 
slightly softer, lighter, and more fibrous than other 
agates. It has a waxy luster and occurs in two forms; 
the translucent or ‘‘occidental,’” the transparent or 
“oriental.’”’ The common variety is generally nearly 
colorless and is often found as a coating on other rocks, 
lining cavities, or filling veins and clefts as it has done 
in the Bad Lands of the West, making layers from 
paper to one-inch thickness and extending many rods 
without interruption. At Tampa Bay, Florida, it has 
penetrated corals and preserved them showing their 
outside shape and central cavity. It also is of “good 
repute” for Marbodus a writer of the last part of the 
llth century says, “The Chalcedony, if blest, and 
tied around the neck cures lunatics. Moreover, he 
that wears it will never be drowned or tempest tossed. 
It also makes the wearer beautiful, faithful, strong, 
and successful in all things. One ought to engrave 
upon it Mars armed, and a virgin robed, wrapped in 
vestment and holding a laurel branch; with perpetual 
blessing.” 

When nature desired to produce an especially 
unique type of agate she changed her mode of pro- 
cedure slightly, although there seems to be some 
difference of opinion as to just what she did. One 
idea is that the silica gel, after filling the cavity, dried 
slightly leaving small canals. The water carried 
coloring matter to these canals, which were later closed 
with silica. If these canals had branched into smaller 
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ones from the common center, effects resembling 
trees, shrubbery, grass, moss, landscape, or islands 
in minute oceans resulted. These effects are black if 
the deposit was the oxide of manganese, red if oxide of 
iron, blue or green if copper or nickel salts. The 
product is commonly known as a moss agate, although 
they are also called dendrites, for their tree-like figures, 
and Mocha stones, since the first specimens were 
brought from Mocha in Arabia. One containing 
blood-red spots is sometimes called a St. Stephen’s 
stone. No two are alike! 

Another theory is that their formation may result 
from a process like unto that taking place when crystals 
of various salts are dropped into water glass. Objects 
of many fanciful shapes are produced making what is 
commonly called a 
“colloid garden.” 

One thing is cer- 
tain: the moss agate 
is not made up of 
moss or petrifactions 
of once living forms 
in silica. Nor have 
they any more con- 
nection with vegeta- 
tion than frost on a 
window. 

Synthetic agates 
have been prepared 
(6) by introducing a 
strong acid by means 
of a pipet into solu- 
tion of an alkaline 
silicate containing 
an alkaline car- 
bonate. The bubbles 
of carbon dioxide as 
they were set free aided in forming ring structures. 


SOURCES 


The name agate, which is undoubtedly derived 
from Achates, the name of a river in Sicily, indicates the 
first discovered agate deposits. 

Later they were found near Oberstein and Idar on 
the banks of the river Nahe in the Duchy of Olden- 
berg. These places are still the chief cutting centers 
of Europe, but have been superseded as producers by 
the mountain chain extending from Porto Alegre, 
State of Rio Grande do sul in Brazil, to the district 
of Salto in Northern Uruguay (7) where agates of 
surpassing size and beauty are found. Individual 
specimens vary in size from the very minute to as high 
as 4000 pounds. Diggings in the shallow pits of grazing 
lands and stream beds of the Uruguay district have 
also unearthed many hollow stones lined with amethyst 
crystals. The chief United States sources are Agate 
Bay on Lake Superior, the shores of the upper peninsula 
of Michigan, stream beds of many rivers in Colorado, 
Montana, and Wyoming, the Mississippi’ River in 
Minnesota, Fox River in Illinois, trap rock of the 
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Connecticut River, and coastal regions of California 
and Oregon. In Montana and those states through 
which the Yellowstone and Missouri Rivers flow 
agates are also found on gravel bars some distance 
from the rivers. Ranchers, sheep herders, and others 
in these districts make a business of gathering them 
so the surface stones are kept well picked up until new 
supplies are exposed by the action of winter ice and 
spring rains. One collector reports as his best find 
505 pounds from a 25-acre gravel bed, with the largest 
single specimen weighing 23 pounds. 

An important deposit of onyx (8) has recently been 
discovered in Madison County, Montana. It lies on 
the surface in well-marked ledges in a vein that has 
been traced over a quarter of a mile. It shows a great 
variety of colors and 
tapestry designs. 

The Yellowstone 
River in Montana 
and Wyoming, to- 
gether with its 
mesas and buttes, is 
the chief American 
source of moss 
agates, although 
they are also found 
in Colorado and 
Utah. They are 
found here in the 
form of rounded 
cobbles covered with 
a hard coating of 
silica. In Laramie 
County, Wyoming, 
is found an irregu- 
larly shaped vein 
varying from an 
inch to two feet in thickness and cutting nearly ver- 
tically across limestone of carboniferous age. 





. CUTTING AND POLISHING 


In Europe the rough agates are first broken with 
hammer and chisel into shapes approximating those 
desired. These pieces are somewhat further shaped on 
metal wheels charged with emery or diamond powder 
or ground on huge grooved sandstone wheels. Work- 
men lie prone upon a sort of hollow bench, and bracing 
their feet against cleats nailed to the floor, force the 
agates with the pressure of their whole bodies against 
the wheels. The agates often emit a bright phos- 
phorescent light during this process and a constant 
stream of water must be kept running on the wheel. 
Final shaping is done with special grindstones and 
polishing with wooden wheels and suitable powders. 

The chief moss agate cutting centers are at Billings, 
Miles City, and Glendive, Montana; Portland, Oregon; 
and Seattle, Washington. These agates are first cut 
(sawed) with the aid of diamond dust. Further grinding 
and smoothing is done with carborundum and a final 
luster obtained by the use of felt buff lapping, putty 
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Illustrating the distinctive nature of the designs. 


powder (tin oxide), and tripoli sand. American work- 
men are said (9), (10) to show a craftmanship equal to 
that of foreign experts. 


USES 


In early times the agate was credited with a mar- 
velous array of powers. It was thought to cure in- 
sanity, prevent skin disease, avert storms, counteract 
poisons, and stem the flow of blood. A general symbol 
of health and wealth, it rendered the wearer gracious 
and eloquent. A black one with white veins was 
considered a potent talisman against every danger 
and was supposed to have the power of making the 
wearer invisible. 

It was long used as the birthstone for June, but is 
now largely superseded by the pearl. 

Always admired for its beauty and diversity of 
designs it has been and still is made into all types of 
decorative jewelry, pen holders, knife handles, vases, 
beads, marbles, and balls. 

Its hardness, together with its ability to take a 
smooth polished surface, has led to its selection for 
making bearings, polishing and grinding tools, bur- 
nishers for gold workers and book binders, smooth 
stones for paper and card manufacturers, rollers for 
ribbon makers, pivot supports for analytical balances 
and magnetic needles, guides for silk reeling, etc. No 
chemical laboratory is considered complete without 
at least one agate mortar and pestle. 

While rare specimens are valued highly, it is doubtful 
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if any other gem so well combines beauty and reason- 
able cost. 
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The MAGNETO-OPTIC 


METHOD of ANALYSIS 


With Particular Reference to the Detection of Elements 85 (Adlabamine) and 87 (Virginium) 


HE magneto-optic method of analysis had its 
origin in experiments! which were designed to 
detect and measure a time lag in the Faraday 

effect and later to study this time lag as a function of 

the wave-length of the light.2 Faraday discovered in 

1845 that a beam of plane polarized light, when passed 

through a transparent, isotropic medium traversed by 

a magnetic field of force parallel to the direction of the 

light, suffers a rotation. The direction of rotation is 

reversed with the reversal of the magnetic field and its 
magnitude depends upon the strength of the field, the 
length of the path of light in the substance and the 
nature of the substance. This phenomenon of mag- 
netic rotation is known as the Faraday effect; its 
magnitude is commonly stated in terms of Verdet’s 
constant, which may be defined as the angle expressed 
in minutes through which the beam of polarized light 
parallel to the mag- 
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the liquid; in other words, whether there is a time lag 
in the Faraday effect. Efforts to measure such a lag 
previously had met with failure. It was recognized at 
the outset that since a time lag had escaped detection 
it must be extremely small, if to a measurable extent it 
exists at all. It became necessary therefore to adopt a 
timing device capable of making measures of almost 
infinitesimally small intervals. The velocity of light 
served as this timing device, a modification of a method 
originally employed by Abraham and Lemoine*® being 
adapted to the requirements of the problem. Since 
light travels about 30 cm. in a billionth of a second and 
since settings in our observations may be repeated with 
deviations not exceeding 3 mm., time intervals as short 
as 10-" sec. are measurable. In the manner now to be 
described, it became possible to determine differential 
time lags in the Faraday effect. 

DESCRIPTION OF 





netic field is rotated 
by a field of unit 
strength per centi- 
meter of light path 
in the medium. 

A question which 
had been of some 
interest for years was 
whether this power 
of a liquid to rotate 
polarized light is ac- 
quired instantly with 
the application of the 
magnetic field, that 
is, whether it is a 
case of instantaneity 
or whether there is a 
very small interval of 
time which inter- 
venes between the 
application of the 
magnetic field and 
the consequent rota- 
tion of the light by 








THE OPTICAL SYSTEM OF THE MAGNETO-OPTIC APPARATUS 


The photograph shows (from left to right) the spark box G, lens L, color 


APPARATUS 


The apparatus is 
shown diagrammati- 
cally in Figure1l. P, 
and P; are Thord- 
arson transformers, 
the one a 25,000-volt 
spark type and the 
other a 12-volt fila- 
ment type. Each is 
supplied from a com- 
mercial 110-volt, 60- 
cycle line. R, and 
Re are sliding rheo- 
stats in the primary 
circuits of the trans- 
formers. The con- 
denser C consists of 
about a dozen paral- 
lel plate condensers, 
any number of which 
may be conveniently 
joined in parallel as 
conditions may re- 


1J.W. Beams aNDF. filter F, auxiliary Nicol N;3, polarizing Nicol N;, the two helices B, and B,, quire. Each con- 
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denser is made of two sheets of copper foil about 15 by 25 
cm., waxed on to ordinary window glass about 2.5 mm. 
thick. An oil condenser is also being used with success. 
B, and B; are two identical helices of No. 18 or 20 copper 
wire of sixty-odd turns wound on bakelite cylinders, 
approximately 3 cm. in diameter and 14 cm. long, the 
windings being separated by linen cord and soaked in 
paraffin. The cylindrical glass (Pyrex) cells, of 2.5 cm. 
diameter and 12.5 cm. length, which contain the liq- 
uids, are placed coaxially in these helices. A con- 
siderable variety of helices as to dimensions, size of wire 
and number of turns has been used with corresponding 
changes in the dimensions of the cells. Those of the 
approximate dimensions given above have perhaps 
proved most satisfactory. G is the magnesium spark, 
the 4481A line of which is obtained practically pure by 
the use of one or more Wratten filters F. As an alterna- 
tive, a steady source of light in the form of an incan- 
descent lamp in connection with a monochromator has 
been used with success. In this case, the spark is of 
course also employed in order to furnish the current 



































FIGURE 1.—MAGNETO-OPTIC APPARATUS 


surges, its light being screened. L is a converging lens, 
the spark being at its principal focus. A camera lens of 
6 to 10 in. focus serves admirably. N, and Ne are 
Nicol prisms, the one acting as polarizer and the other 
as analyzer. NV; is an auxiliary Nicol used solely to 
maintain the light at the desired intensity. The set of 
wires composing the trolley systems should have an 
effective length of some 15 to 20 m. or more. Owing to 
the limited dimensions of our rooms, it has been neces- 
sary to arrange the wires in two parallel systems, one 
above the other; the wire path can be shortened or 
extended at will to bring any desired minima upon the 
scale. Experiments have been carried out with a view 
to determining the effects produced by varying the 
diameters as well as the spacings of the wires over 
considerable limits. While in every arrangement the 
minima could be read, our experience favors copper 
wires of No. 18 gage with spacings of 15 to 20 cm. 
Studies have also been made by making various other 
changes over rather wide limits in the constants of the 
circuits. Such variations cause no noticeable shift in 
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scale readings of the minima so long as there is no 
alteration in the length of either the wire or the light 
path. 

ADJUSTMENTS AND MANIPULATIONS 


The rapid discharges of the condenser across the 
spark gap afford both the source of light and the current 
surges which give rise to the magnetic fields in B, and 
Bz. In order to adjust the apparatus, one proceeds in 
the following manner. The cells are both filled with the 
same liquid and the current fs temporarily short- 
circuited across the helices so that there is no magnetic 
field through the cells. The optical parts are colli- 
mated until the monochromatic light, rendered parallel 
by the lens Z, traverses the axis of the system and 
enters the eye (or the photoelectric cell) at E. The 
Nicol Ne is then rotated until it is completely crossed 
with respect to Mi, transmitting no light. (The cross- 
ing is more accurately accomplished with the filter F 
temporarily removed.) This adjustment of the Nicols 
remains fixed throughout subsequent observations. 
The two helices are now reconnected into the circuit. 

Let the electric circuit next be considered. The 
broken lines in Figure 1 represent long, straight copper 
wires, along which the transient current flows as the 
condenser discharges across the spark gap. 717,’ and 
T2T>’ are trolleys, or sliding strips of brass, one of which 
is kept fixed while the other is movable along the wire- 
path scale by means of a hand wheel under the control 
of the observer. The trolleys make electric connections 
between the two members of each of the four pairs of 
wires. The circuit thus divides at M,, offering two 
parallel paths to the current through the branches 
MiT2T2'M2 and M,TiT;'/M2. These two surges of 
current, flowing in opposite directions around the 
helices, set up opposing magnetic fields in the two cells. 
In order that these fields may be in effective opposition 
they must of course be established and relaxed simul- 
taneously, a condition which will not obtain in general 
until proper adjustments are made in the circuit. 
Consequently, the Nicol Ne, which extinguished the 
light before the helices were connected into the circuit, 
will now transmit some light. But by sliding the mov- 
able trolley 7272’ back and forth it is possible to make 
the two branches of the circuit practically electrically 
identical so that the current will divide into two ap- 
proximately equal and symmetrical surges and the 
magnetic fields in the two coils will therefore neutralize 
each other. This condition is attained experimentally 
when the trolley passes the point at which the light is 
observed to become extinguished by N2. This position 
of the trolley marks the zero of its scale. The trolley 
carries a vernier by means of which readings are made 
At the 
zero reading the two trolleys are approximately equi- 
distant from the points M2. In our published scale 
readings of minima the zero is at the point 15.00. 

Thus far the two cells have contained the same liquid, 
usually carbon bisulfide. Without any change in 
adjustments and with the trolley on the zero of the scale 
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just found, the cell Bz: is filled with some other trans- 
parent liquid or solution. Light now comes through 
the second Nicol. But if Bz is moved backward along 
the so-called light-path scale, the light reaches a 
minimum of intensity for some definite position of the 
helix. (The light will not suffer total extinction, 
because the Verdet constants of the two liquids will not 
in general be equal.) This experimental fact has been 
interpreted as due to a time lag in the Faraday effect, 
upon the assumption that the Faraday effect in the 
second cell lags behind the magnetic field a longer 
interval than it does in the first cell. This differential 
time lag, which is usually of the order of billionths of 
seconds, is measured by the distance through which B; 
is displaced to obtain the minimum divided by the 
velocity of light. In case the liquid in Bz has a shorter 
time lag than the liquid in B,, the two cells may be 
exchanged and the minimum located in the manner just 
described. 

Instead of moving B, back and forth, it has been our 
practice to keep the helices fixed (unless the minima are 
very close together) and to displace the movable trolley 
instead. The minima obtained in this manner have 
been accounted for from the consideration that, due to 
shortening the wire path in one of the branches by 
moving the trolley inward, the electric impulse es- 
tablishes the magnetic field in B, at a correspondingly 
earlier time. In this way the fields are at such phase 
differences in the two cells as to cause the magnetic 
rotations to be established and relaxed simultaneously 
in the two liquids, the one rotation thus practically 
annulling the other and the minimum of light intensity 
being produced by the very small resultant or net 
rotation. The same effect has thus been achieved as by 
moving the helix backward. Similarly, the application 
of the magnetic field in the second cell is delayed by the 
outward displacement of the movable trolley. Our 
timing device is now the velocity of the electric current 
along the wires of the trolley system. The differential 
time lag is therefore measured by the quotient of the 
change in the length of the wire path required to pro- 
duce the minimum divided by the velocity of the 
current in the wire. For any given set-up, it is con- 
venient to construct the trolley scale upon the assump- 
tion that the electric current travels with the speed of 
light. While it has been found experimentally? that 
the speed of the surges in our system of wires is only 
about 97 per cent. of the speed of light in air, there is 
nothing gained in practice by converting the readings 
of the wire-path scale to those of the light-path scale, 
since the scale readings of minima on the wire-path 
scales of different set-ups, which are constructed with 
the symmetry in Figure 1, have always been found to 
be practically in exact agreement. The scale of a new 
apparatus, however, should be carefully calibrated with 
known compounds of high purity in concentrations of 
approximately 1 part in 10", so that the minima due to 
impurities will not be likely to appear. 

The apparatus is provided with a short light-path 
scale as well as with an extended trolley or wire-path 
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scale. Since the divisions of the light-path scale are 
twice the length of those on the trolley scale (because of 
the fact that the current has a return path) and since the 
motion of By along the former scale can be controlled 
with the utmost precision by rack and pinion motion, 
it is sometimes desirable and necessary to determine the 
readings of close minima on this scale. The trolley is 
first set slightly behind the minimum, which may then 
be located on the rack and pinion scale. The two scale 
readings are then simply combined, giving the differ- 
ential time lag sought. 

Certain minor adjustments as to length of spark gap, 
the rheostat settings, and the optimum number of 
condenser plates must be found by experience, since 
there will be variations in such adjustments not only 
in different sets of the apparatus but also in the same 
apparatus from day to day, and perhaps from hour to 
hour, caused in part by changes in atmospheric condi- 
tions. A spark gap of about 3 mm. is usually found 
suitable. By care in the adjustments indicated this 
spark may be kept satisfactorily steady. A flickering 
spark is to be avoided, since it is likely to simulate the 
appearance of minima, particularly to the inexperi- 
enced. The proper intensity of the light should be 
maintained at all times by varying either the capacity 
with corresponding variations in the rheostat P; or the 
setting of the auxiliary Nicol N3, or both. When the 
light exceeds a certain intensity, the minima cannot be 
read with certainty. They are extremely sharp, as 
evidenced by the fact that different observers can agree 
in settings in the dark within 3 mm. or less. The 
minima, however, have a greater width than this, for 
both the eye and the photoelectric cell note the ap- 
proach to a minimum over a distance of some milli- 
meters. Final settings are made by approaching the 
minimum a number of times from each side. It is the 
sharpness of the center of the minimum which makes 
settings possible within such narrow limits. The 
minima are noticeably broader and somewhat blacker 
in concentrated solutions. 

Considerable time is required in learning the technic 
both of keeping the apparatus in adjustment and of 
reading the minima with certainty. Unless one has 
had experience in observing the minima, he is likely to 
overlook them entirely. Any one contemplating the 
construction of this apparatus should visit a laboratory 
where it is in operation, in order that he may test 
his eye and undertake chemical analyses. Some few 
eyes perhaps would never function satisfactorily in this 
work, while others are able almost immediately to make 
accurate settings on the minima. Between these ex- 
tremes and probably comprising the majority of cases, 
are those that with continued practice would doubtless 
succeed in carrying out dependable observations. 

The photoelectric cell is being used in this laboratory 
from time to time in checking visual observations.‘ 
The sensitivity of the cell in detecting the minima of 
compounds approximates that of the eye but varies 


4F, ALLison, J. H. CHRISTENSEN, AND G. V. WaLpo, Phys. 
Rev., 37, 1003 (1981). 





74 


somewhat with adjustments in the cell circuit. The 
use of the cell presents serious difficulties in controlling 
adjustments in a circuit in which variations in a minute 
unidirectional current must be indicated. Because of 
the tediousness in control and manipulation, the cell 
thus far has proved inferior to the eye in point of ease 
and speed in reading minima and is not employed except 
for purposes of checking important visual observations. 
The cell, however, without doubt will eventually 
replace the eye in this work, a consummation toward 
which our efforts are being directed. Such an arrange- 
ment not only will supply an objective means of making 
observations, but will relieve the observer of fatiguing 
hours of labor and nerve strain. 

The minima have been read without rectification of 
the current but they are less distinct. They have also 
been observed when only one-half of the bilaterally 
symmetrical wire system is in use. Most satisfactory 
results have been secured with the experimental 
arrangement essentially the same as that shown in 
Figure 1. 

EXPERIMENTAL RESULTS 


Every compound studied has been found to produce a 
minimum, or minima, of light intensity characteristic 
of the compound. This is true of organic as well as 
inorganic compounds in solution. Moreover, when a 
number of compounds are present in the solution, each 
compound shows its individual minimum, or minima, 
uninfluenced by the other compounds; that is, the 
scale readings of the minima of compounds are the same 
regardless of the presence of foreign substances. 
Furthermore, every compound tested continues to 
exhibit its characteristic minima until its concentration 
is reduced to less than 1 part in 10! (usually several 
parts in 10!*). These early findings suggested that the 
method might be useful in some types of chemical 
analysis. 

As the study of inorganic compounds in solution 
progressed, a very important relationship was revealed 
between the atomic masses of the cation and the scale 
readings of the characteristic minima of the com- 
pounds.’ The scale reading proved to be some func- 
tion, as yet not definitely known, of the combining 
equivalent of the cations. In terms of time reactions, 
the differential time lag is an inverse function of the 
combining equivalent of the cation. Otherwise stated, 
when the anion remains the same, the differential time 
lag decreases with increasing chemical equivalents of 
the cations; when, however, the cation is kept constant, 
the lag increases with increasing chemical equivalents of 
the anions. These relationships are supported both by 
the data already published and by nuinerous unpub- 
lished results which have accumulated in recent 
months. This relationship brought order out of the 
chaos of the scale readings of minima and henceforth 
enabled one to predict with certainty the region of the 
scale in which would appear the minima of new com- 


"5 F, ALLISON AND E. J. Murpny, J. Am. Chem. Soc., 52, 3796 
(1930). 
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pounds. While there has been some overlapping, 
this relationship has been found to hold without excep- 
tion for more than 50 metallic elements which have been 
studied in more than 250 chemical compounds. This 
number includes compounds of 10 different anions. 
The compounds of each anion, beginning with hydrogen 
and extending to larger chemical equivalents, occupy 
different portions of the scale. The method therefore 
detects compounds rather than elements. The minima 
characteristic of calcium, for example, come at different 
points of the scale when it is in different forms—the 
chloride, nitrate, sulfate, hydroxide, phosphate, carbon- 
ate, bromide, etc. There is usually some overlapping 
in the scale readings of the minima of compounds of 
these different series, but there is no great difficulty, 
when one exercises proper care, in distinguishing them. 

Since the scale readings are a function of the mass of 
the metallic element, one would expect the magneto- 
optic method to detect isotopes. After certain refine- 
ments had been made in the apparatus, it was found 
that for each compound there was observed a number of 
minima equal to the number of the isotopes of the cation 
as reported by other methods. Aluminum in all its 
compounds shows a single minimum of light, potassium 
2 minima, magnesium 3, barium 4, mercury 7, tin 11, 
etc., these numbers corresponding to the number of 
isotopes reported for the respective metals. Metals 
having more than one valence not only show their 
characteristic minima at the appropriate points of the 
scale for each valence, but invariably the same number 
of minima for each of the compounds of the several 
valences. For example, ferrous and ferric compounds 
all produce 2 minima, though in different regions of the 
scale, corresponding to the combining equivalents of the 
cation. Similarly, stannous and stannic compounds 
each produce 11 minima, while for several elements we 
have observed the minima for compounds in which the 
valence takes three values. The photoelectric cell not 
only detects the same number of minima as there are 
isotopes but it indicates by the magnitude of the 
galvanometer deflection the order of abundance of the 
isotopes except in cases where the abundances do not 
differ greatly. There is one striking exception about 
the isotopes, namely, the differential time lags of the 
isotopes of a given cation vary directly, and not in- 
versely, with the atomic masses of the isotopes, a fact 
very suggestive from theoretical points of view.® 

The study of the isotopes of certain metals has been 
of particular interest. Evidence for four isotopes of 
barium and two of thallium was announced about a year 
in advance of their detection by other methods.’ The 
minima of 40 elements which other investigators have 
examined for isotopes have been determined in more 
than 200 compounds. In 30 of these the results agree 
with the number of isotopes reported by others. In 10 
of the metals recent intensive studies have revealed 


6 F, ALLISON AND E. J. Murpuy, Phys. Rev., 36, 1097 (1930). 

7 References of footnotes 4, 5; also F. W. Astron, Nature, 
128, 221 (1931) and ScHULER AND Keyston, Naturwissenschaften, 
19, 320 (1931). 
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additional minima which were unnoted in earlier 
investigations. These new minima are attributed to 
hitherto undiscovered isotopes, which because of their 
relative small abundances have escaped detection by 
other and less sensitive methods. Furthermore, data 
have been obtained on the isotopic constitution of 17 
metals for which determinations have not been re- 
ported by other methods of attack. Publications of 
these results will be made in due time. There are 
doubtless still other minima and hence other isotopes 
which have been missed by difficulties in observing. 
The minima of some elements, regardless of the com- 
pound in which they exist, are less distinct and more 
difficult to read than those of others, a fact probably to 
be attributed to small Verdet constants. It is planned 
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reported as showing double minima.* Finally, during 
the summer of 1931, still other hydrogen compounds 
were added to our list, when the study was conducted 
quantitatively. Water, upon more careful examina- 
tion, gave a close doublet which had previously been 
observed as a single minimum. For some time we had 
suspected that the minima might be due to two hydro- 
gen isotopes and our experimental results now showed 
clearly that the extra minimum, according to concen- 
tration tests, could be accounted for only upon the 
assumption of a heavy hydrogen atom, which we esti- 
mated to be several thousand times less abundant than 
the lighter one. This evidence for the two hydrogens 


was presented in a paper read by the author on Septem- 
ber 1, 1931, before the American Chemical Society.® 
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Scale reading of minima. 


as soon as time permits to run redeterminations on 
many metals in search of unciscovered isotopes. 


THE ISOTOPES OF HYDROGEN 


With respect to isotopes, acids proved recalcitrant 
in that they invariably produced two minima when a 
single minimum was expected, since hydrogen was 
supposed to be a simple element. At first, we thought 
one of these minima probably due to some other sub- 
stance present as an impurity, but no process of purifi- 
cation succeeded in removing either of the minima. 
We therefore reported in our first extended paper that 
the several acids we had examined exhibited two 
minima for which we were unable to account.’ Addi- 
tional halogen acids, subsequently studied, were also 








FIGURE 2.—HyYDROGEN ISOTOPES 





24 
(Seconds X 107°.) 


Since that time, our studies have been extended to 
include a total of about 35 acids, each of which shows 
the two close minima characteristic of the two hydrogen 
isotopes. The results are displayed graphically in 
Figure 2, in which the chemical equivalents of the 
negative radicals of the acids are plotted against the 
scale readings of the minima. (To convert readings 
into differential time lags, subtract 15.00, which is the 
zero of the scale, and multiply by 10~° sec.) The 
existence of a heavy isotope of hydrogen has subse- 
quently been reported from spectroscopic evidence," 
in good agreement with our previous findings. 


8 F. ALLISON, E. J. Murpuy, E. R. BrsHop, AND A. L. SOMMER, 
Phys. Rev., 37, 1178 (1931). 

9 FR. ALiison, Ind. Eng. Chem., Analyt. Ed., 4, 9 (1932). 

10 UREY, BRICKWEDDE, AND Murpny, Phys. Rev., 39, 164 (1932). 
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VIRGINIUM 

Early in the fall of 1929, it was decided to make a 
search by means of the magneto-optic method for 
element 87, for which we have recently suggested the 
name “‘virginium.’'! The great sensitivity of the 
method, and the comparative ease with which it is able 
to identify a compound in the presence of unlimited 
numbers of other substances, naturally suggested the 
method as a tool for attacking the problem of locating 
an element likely to exist, if at all, in the merest traces 
and in association with a variety of other materials. 
This element has the greatest of all known chemical 
equivalents, a fact that would cause its characteristic 
minima to fall at the extreme end of the scale readings of 
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several careful rechecks within the course of the next 
few months and having sought to eliminate the possi- 
bility of these minima being produced by substances 
other than eka-cesium, we announced our findings. !? 
More recently, we have carried out conclusive tests, 
showing that the minima attributed to virginium cannot 
be due to certain suggested complex ions.4* Con- 
firmatory results have been reported by McGhee and 
Miss Lawrenz.'* As would be expected, the minima 
attributed to virginium are not affected by treatment 
with acids, bases, oxidizing or reducing agents. Fur- 
thermore, we have found new sources of the element in 
sea water, Searles Lake (California) brine, kainite 
(Stassfurt), crude cesium chloride, monazite sand 
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FIGURE 3.—HALIDES AND OXYGEN COMPOUNDS 


any series of compounds in which it might occur. 
Having at that time determined the scale readings for 
four series of compounds—the chlorides, nitrates, 
sulfates, and hydroxides—we were prepared to recog- 
nize minima characteristic of element 87 in any of these 
compounds. The Research Laboratory of the General 
Electric Co. very kindly supplied us with several 
samples of pollucite and lepidolite, which were rather 
rich in cesium. One would expect to find eka-cesium 
associated with such materials. We experienced no 
difficulty in finding minima, six in all, in regions of the 
scale predicted. We found six minima in each of the 
four compounds mentioned above. Having made 





11 F, ALLISON, E. R. BrsHop, A. L. SOMMER, AND J. H. Curts- 
TENSEN, J. Am. Chem. Soc., 54, 613 (1932). 


(Brazil and North Carolina), samarskite, and pitch- 
blende. The detection of the element in samarskite 
by X-ray spectra has been reported.'® 


ALABAMINE 


A search for the last missing element, No. 85 or eka- 
iodine, for which we have recently suggested the name 
“alabamine,’!® was begun in the summer of 1930. 
The obvious procedure was to look for it in association 





12 F, ALLISON AND E. J. Murpuy, Phys. Rev., 35, 285 (1930). 

13 References of footnotes 11 and 15. 

14 J. L. McGHEE AND M. LAwreNnz, J. Am. Chem. Soc., 54, 
405 (1982). 

16 J. PAPISH AND E. WAINER, ibid., 53, 3818 (1931). 

16 F, ALLIsoN, E. R. BisHop, AND A. L. Sommer, ibid., 54, 


616 (1932). 
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with other halogens in such substances as were readily 
available. Our first task, however, was to determine 
the scale readings of a series of compounds of the known 
halogens—the fluorides, the chlorides, the bromides, 
and the iodides—as a basis for comparisons. This 
having been completed, one could predict the region of 
the scale in which the characteristic minima would 
occur for a corresponding series of compounds of ala- 
bamine. Finally similar data were obtained for the 
oxygen acids and salts. While the differential time 
lags are some inverse function of the combining equiva- 
lents of the cations in any one series of compounds, 
they are, as has been mentioned, some direct function 
of the combining equivalents of the anions of different 
compounds of the same metal. The halides and the 
compounds containing oxygen radicals fall along two 
different types of curves (Figures 2 and 3). 

Because of the comparative abundance of bromine 
and iodine in the sea, the first substance examined for 
the element was sea water. Minima were immediately 
found appropriate to this element. The concentration 
was only about 1 part in 101!, which was well within the 
range of the sensitivity of the apparatus. Alabamine 
was next found in several other materials rich in certain 
halogens, though our search was fruitless in a number of 
substances in which the element might be expected to 
exist. In these investigations, we were able to form the 
same series of compounds of alabamine corresponding 
to those of the other halogens previously studied, 
obtaining the scale readings of their minima. These 
results are shown in the curves of Figures 2 and 3. 
Concentrations from 100 lb. Brazilian monazite have 
been reported and the chemistry of the element has been 
essentially worked out, along with the identifications 
of its oxygen acids and salts.17 The element reacts to 
various chemical treatments, as also reported,'® in a 
manner appropriate to the properties of element No. 
85. Its occurrence is fairly widespread, it being found 
in sea water, fluorite, apatite, monazite sand (Brazil 
and North Carolina), potassium bromide, hydrofluoric 
acid, hydrobromic acid, and pitchblende. The con- 
centrations, however, are extremely small, in no case 
greater than about 1 part in 10°. 


DISCUSSION 


The minima are characteristic of the:compounds in 
the cell as proved by numerous and repeated tests; 
namely, the minima for given compounds appear at the 
same scale readings on as many as five different mag- 
neto-optic set-ups which have been constructed, with 
different sizes of wire, with different spacings between 
the wires and with various other differences in the 
constants of the circuits; for a displacement of the fixed 
trolley over any distance of the wires there must be a 
corresponding displacement of the movable trolley over 
an equal distance as a compensation for the change in 
wire path in order to bring the minimum in question to 
some desired new position; the minima occur at exactly 
the corresponding positions on the light+path scale 

17 References of footnotes 8 and 16. 
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when the trolley and all contacts remain fixed, and 
furthermore, when a tube of any liquid is introduced 
between the cells the minima are displaced forward on 
this scale by an amount appropriate to the retardation 
of the light in the liquid; the scale readings of the 
minima change with the wave-length of the light used; 
chemical analyses are correctly made with the appa- 
ratus; and the photoelectric cell. confirms the results of 
visual cbservations. Furthermore, the results which 
have been published from this laboratory are based 
upon the visual observations (or reading of the minima 
of the various compounds) of as many as fourteen 
different observers who have acquired the requisite 
technic during the past four years. In addition, there 
have been seven scientists from other institutions who 
have spent from one to three weeks each as visitors in 
our laboratory learning the technic, all of whom were 
able to make accurate settings on the minima in con- 
firmation of the results of our own workers. There 
should also be mentioned a considerable number of 
scientists who, though their visits were very brief, 
seemed, with few exceptions, to have little difficulty in 
recognizing the minima and noting their positions on 


’ the scale. 


Neither the positions of the minima of any compound 
nor the sensitivity of the apparatus are affected by the 
presence of any number of foreign substances. Ex- 
tremely few compounds thus far met with produce 
minima which coincide, though the minima are some- 
times so close that they must be resolved on the light- 
path scale. 

The magneto-optic method has its limitations. 
Difficulties of technic, already pointed out, will certainly 
restrict its usefulness until there has been considerable 
progress in adapting a simplified photoelectric cell 
circuit to the making of analyses. For ordinary work 
in both qualitative and quantitative analysis, the 
standard chemical methods are superior. Since the 
minima characteristic of a compound appear almost as 
pronounced for small traces as for high concentrations, 
one must exercise the utmost care in qualitative analy- 
sis against the introduction of impurities. The safest 
procedure is, by preparing a series of graded concentra- 
tions and beginning with the weakest, to find in what 
concentration the minima are first discernible. The 
presence of any compound may thus be estimated 
quantitatively. The method, however, is not suscep- 
tible in its present stage of development to quantitative 
analysis of high precision. Under best conditions, the 
error should not exceed ten per cent. Its value is likely 
to be found in problems of analysis which have to do 
with the rare elements and with the commoner ele- 
ments when they occur in very small amounts. As a 
tool for the study of isotopes, the apparatus detects the 
number of isotopes and indicates their order of abun- 
dance. The relative abundance of the isotopes may as 
yet be determined only very roughly. The outstanding 
difficulty in the study of the abundance of the isotopes 
lies in the fact that the ratios of the concentrations in 
which the isotopes make their threshold appearances are 
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not in inverse proportion to their abundances as found 
by other methods, but the less abundant follow as 
though the isotopes exert on each other some mutual 
influence whereby the more abundant induce in the less 
abundant an intense reaction to the magnetic field and 
thus enable the less abundant ones to produce minima 
at lower concentrations. Experiments are now under 
way to test this hypothesis. More observational work 
and further perfection of the apparatus are necessary 
before the actual possibilities of the method, both as 
regards quantitative analysis and the relative abun- 
dances of isotopes, will be definitely known. 

The nature of the physical phenomena which are the 
cause of these minima characteristic of compounds has 
been a question of engaging interest for several years 
and various experiments have been performed with a 
view to finding a satisfactory answer. Hypotheses 
based upon electrostatic field effects, upon transverse 
magnetic field effects, upon electrical interference, upon 
phenomena due to scattering, absorption, and de- 
polarization have been tested experimentally and found 
inadequate. In support of the view that the phe- 
nomena are associated with a time lag in the Faraday 
effect may be mentioned the very significant results 
which have been obtained with the magnetic fields in 
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the cells acting in the same, as well as in the opposite, 
direction and with the two Nicols set at various angles 
with respect to each other, the third Nicol N3 serving 
to control the light intensity.‘ Under such conditions 
it is possible to produce for any compound either 
minima or maxima of light intensity, both of which 
have the same scale reading. Furthermore, an experi- 
ment has recently’? been reported in which substances 
having positive and negative Faraday effects were 
mixed together in such proportions that the solution 
showed no magnetic rotation in a steady magnetic field 
but produced a definite rotation when subjected to the 
high tension transient surges employed in the magneto- 
optic apparatus. In brief, the results of our investiga- 
tions to date agree in indicating that the minima 
(and maxima) are to be accounted for upon the hy- 
pothesis of a time lag in the Faraday effect. Whether 
subsequent studies may support this hypothesis or not 
is immaterial in so far as the validity of our results are 
concerned, for they are wholly experimental and 
certainly are to be attributed to some sort of a time 
effect. 


18 ALLISON, CHRISTENSEN, AND WALDO, Phys. Rev., 40, 1052 
(1932). (Abstract.) 





19 ALLISON AND CONDON, ibid., 40, 1021 (1932). 








HE program of the Division of Chemical Educa- 
tion at the Washington meeting of the American 
~ Chemical Society, during the week of March 27, 
will be confined to three half-day sessions. One of 
these will be given over to ‘“‘Recent Developments in 
Various Chemical Industries.’”’ On this occasion four 
speakers of national prominence will discuss the recent 
progress in their respective fields, such as petroleum, 
cellulose, rubber, etc. Teachers of chemistry, at both 
the college and high-school levels, find it increasingly 
difficult to keep up with industrial developments, and 
the opportunity to learn of them at first hand, from 
well-qualified authorities who will treat their subjects 
from the standpoint of chemical education, is one not 
to be missed. 

Another feature will be a short symposium and round- 
table discussion on the subject of laboratory notes, 
records, and reports. Specially invited speakers will 
discuss this general problem from the standpoint of 
the secondary school, the college, and the industrial 
laboratory. Since ample time will be given for general 
discussion on this topic—which invariably brings forth 
many differences of opinion—it is hoped that all who 
have real contributions to make will come fully pre- 
pared to take part in it. There will be an exhibit of 
notebooks, report forms, etc., and the secretary would 
be glad to receive contributions to this, from any source 
whatever. If you think you have something useful 
or original in this line, send it in. 


THE MEETING IN WASHINGTON, MARCH 27-31 






Part of one session will be devoted to reports of com- 
mittees. Many members of the Division do not 
realize the wide scope of the work which has been 
undertaken or the important and fundamental nature 
of the problems which these committees have con- 
sidered. Much of their work is now finished and many 
of them will soon be discharged. This will probably 
be the occasion on which they will make their final 
reports. 

Only a limited amount of space will be available 
on the program for miscellaneous papers of a general 
nature. All such papers must be in the hands of the 
secretary before February Ist. 

The usual Divisional Luncheon will be held, prob- 
ably on Wednesday. This has been the high spot of 
the program on so many occasions in the past that 
every effort will be made to continue the tradition. 

In addition there will be trips to industrial plants, 
and governmental and educational institutions in and 
around Washington, to be arranged either by the 
Division or the general society. 

Efforts are being made to facilitate the attendance 
of college students, and to arrange for their accommoda- 
tion at a minimum or nominal rate. Later announce- 
ments will be made concerning this. 


N. W. RAKESTRAW, Secretary 
Brown University 
Providence, R. I. 




















The DISCOVERY of the 
ELEMENTS. XIX. Zhe RADIO- 


ACTIVE ELEMENTS’ 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


In 1898 there was discovered an element, radium, 
which continually and spontaneously emits light, heat, 
and other radiations. Investigation of these astonishing 
phenomena by the Curies and many others has revealed 
about forty interrelated radioactive elements which, like 
radium, are unstable. They do not, however, occupy 
forty places in the periodic system, but are crowded into 
only ten places. The explanation for the existence of 
these numerous so-called ‘‘radioactive isotopes’’ and their 
genealogical descent from uranium and thorium were 
discovered independently by K. Fajans, F. Soddy, A. S. 
Russell, and A. Fleck. Since the original literature on 
the radioactive elements embraces such a vast field of re- 
search, the following account of their discovery is neces- 
sarily far from complete. 


~ + + + + + 


“Radium is not to enrich any one. It is an 


phosphoresce, give 
off penetrating rays 
which, like X-rays, 
darken a photo- 
graphic plate and, 
by making the sur- 
rounding air a con- 
ductor, cause the 
gold leaves of a 
charged electro- 
scope to lose their 
electrostatic charge 
and collapse. These 
radiations are now 
known to be of 
three kinds: alpha 
rays, which consist 
of helium atoms 





ANTOINE-HENRI BECQUEREL 











element; it is for all people’’ (1). 

“So the atoms in turn, we now clearly discern, 
Fly to bits with the utmost facility; 

They wend on their way, and, in splitting, display 


An absolute lack of stability’ (2). 





PIERRE CuRIE, 1859-1906 


Professor of physics at the Sorbonne. 
In collaboration with his _ brother, 
Jacques Curie, he discovered and 
investigated piezo-electricity. He 
introduced the concept of symmetry 
in physical phenomena, studied mag- 
netic properties as a function of tem- 
perature, and collaborated with Mme. 
Curie in discovering radium, and 
investigating its properties. 





ENRI BEC- 
QUEREL, a 
member of a 

family renowned for 

scientific achieve- 
ment, noticed in 

1896 that when a 

phosphorescent 

salt, such as potas- 
sium uranyl sulfate, 

is placed near a 

photographic plate 

protected by black 
paper, the plate be- 
comes fogged as 
though it had been 
exposed to light 

(51), (58). His 

later work showed 

that all uranium 
compounds, even 
those which do not 


each bearing two 
units of positive 
electricity; beta 
rays consisting of 
streams of negative 
electrons; and 
gamma rays, which 
constitute a very 
penetrating radia- 


1852-1908 


French physicist and _ engineer. 
Discoverer of the rays emitted by 
uranium. He carried out important 
researches on rotatory magnetic polari- 
zation, phosphorescence, infra-red 
spectra, and _ radioactivity. His 
grandfather, Antoine César Becquerel 
(1788-1878), and his father, Alexandre- 
Edmond Becquerel (1820-91), also 
made many important contributions 


tion of extremely to chemistry and physics. 
short wave-length. 

The amazingly rapid development of the science of 
radioactivity is largely due to, the brilliant work of 
M. Pierre Curie and his wife, Mme. Marie Sklodowska 
Curie. The former was born in Paris on May 15, 
1859, and was educated by his cultured parents. Many 
happy hours were spent on excursions to the country, 
and thus this city child grew up in intimate contact 
with nature, collecting plants and animals and enjoy- 
ing them in quiet contemplation. While serving as 
director of the laboratory under Schutzenberger at 
the School of Physics and Chemistry, Pierre Curie 
carried on researches on condensers, magnetism, piezo- 
electricity, and the principle of symmetry in nature. 
When in 1895 he received the degree of Docteur-es- 
sciences from the Sorbonne, Schutzenberger created 





* Illustrations collected by F. B. Dains of The University of 
Kansas. 
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a chair of physics 
for him (38). 

Marie Sklodow- 
ska, a daughter of 
Dr. Sklodowski,* 
a professor of phy- 
sics and mathe- 
matics at the War- 
saw gymnasium, 
was born on No- 
vember 7, 1867. 
Because of the 
early death of her 
gifted mother, the 
little girl grew up 
in her father’s lab- 
oratory and under 
his instruction. 
She soon devel- 
oped a passionate 
love of country 
and joined a secret 
society of studeuts 
who organized 
evening classes for 
laborers and peas- 
ants. However, 
because of the limited opportunities for advanced study, 
she decided to leave her beloved motherland and go to 
Paris. 

During the four years of her student life, she lived 
in a chilly little attic room, carrying the coal herself 
up the six flights of stairs, and cooking her simple 
meals over an alcohol lamp. This was Marie Sklo- 
dowska’s introduction to the city which has ever since 
been her home (4), (68). When she enrolled at the 
Sorbonne, Henri Poincaré, the famous mathematical 
physicist, soon recognized her ability, and Professor 
Gabriel Lippmann also took great interest in her 
research. 

Her first meeting with Pierre Curie was at the home 
of a Polish phys- 
icist in Paris. 
Because of their 
mutual interest 
in scientific, so- 
cial, and humani- 
tarian subjects, 
there gradually 
developed a 
singleness of pur- 
pose that caused 
M. Curie to say, 
“Tt would. . . be 
a beautiful thing 
in which I hardly 
dare believe, to 














(JuLes) Henri Porncark, 1854-1912 


French mathematician, physicist, 
and astronomer. Prolific and gifted 
writer on mathematical analysis. ana- 
lytical and celestial mechanics, mathe- 
matical physics, and philosophy of 
science. 





* The feminine 
ends in -ska, the 
masculine in -skz. 





THE LABORATORY* IN WHICH M. AND Mg. CurRIE DISCOVERED RADIUM 
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pass through life 
together hypno- 
tizedin our dreams: 
your dream for 
your country; our 
dream for human- 
ity; our dream for 
science.” After 
their marriage in 
1895 Professor 
Schutzenberger 
arranged that they 
might work to- 
gether in the lab- 
oratory, and their 
mutual devotion 
to science once led 
M. Curie to re- 
mark, ‘I have got 
a wife made ex- 
pressly for me to 
share all my pre- 
occupations” (5). 





GABRIEL LIPPMANN, 1845-1921 


Professor of mathematical physics 
at the University of Paris. Inventor 
of the capillary electrometer and of a 
process of direct color photography. 
The phenomenon of piezo-electricity 
in crystals predicted by Professor 
Lippmann was first demonstrated 
i aaa by Pierre and Jacques 

urie. 


POLONIUM AND 
RADIUM 


Professor Curie 
continued his researches on the growth of crystals, 
and his young wife prepared for her examinations. 
Many chemists consider her dissertation (55) to be 
the most remarkable thesis ever presented for the 
doctorate. She continued the work begun by Bec- 
querel, and tested most of the known elements, in- 
cluding a number of rare ones loaned by Demarcay 
and Urbain, for their ability to discharge a gold-leaf 
electroscope, and found that thorium and uranium 
were the only ones whose compounds caused the gold 
leaves to collapse (26), (54), (55). The radioactivity 
of thorium was discovered independently by Gerhardt 
Carl Schmidt, professor of physics at the University 
of Miinster (25). 

Of a much 
greater signifi- 
cance than this, 
however, was 
Mme. Curie’s 
observation that 
the activity of 
the uranium 
mineral, pitch- 
blende, is four or 
five times as 
great as one 
might expect it 








* Reproduced 
from an article by 
Jacques Danne, La 
Nature, 32 [1], 217 

Mar. 5, 1904) by 
permission of Mas- 
son et Cie., Paris. 
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to be from its uranium content (24). She concluded 
that the ore must contain another radioactive element 
in addition to uranium and that, since the composition 
of the ore was known, the active element must be present 
in extremely small amount and must therefore be very 
active indeed. Therefore it became necessary to work 
up large quantities of pitchblende and to make elabo- 
rate and tedious fractionations of this complex ore. 
The pitchblende was supplied by the Austrian govern- 
ment from its uranium mines in the Joachimsthal, 
Bohemia. 

As Mme. Curie examined each fraction with the 
electroscope, she found that a very active substance 
separated with the bismuth. After convincing herself 
in 1898 that this was a new element, she named it 
polonium in honor of her native country (27), (65). 
It is also known as radium F. In 1902 Dr. Willy 
Marckwald of Berlin obtained a metallic deposit on a 
polished plate of bismuth immersed in a solution of 
the bismuth fraction from pitchblende. This deposit, 
which he called radiotellurium, was later shown to 
be identical with Mme. Curie’s polonium (6), (29). 

After commenting on the discovery of gallium, 
scandium, and germanium (ekaaluminum, ekaboron, 
and ekasilicon), Mendeléeff had written in 1891, “I 
foresee some more new elements, but not with the 
same certitude as before. I shall give one example, 
and yet I do not see it quite distinctly” (7). He had 
then proceeded to describe an undiscovered ‘‘dvi tel- 
lurium”’ with an atomic weight of about 212. Since 
polonium resembles tellurium and has an estimated 
atomic weight of about 210, it is probably the realiza- 
tion of Mendeléeff’s ‘‘dvi tellurium.” 

After the Curies, with the assistance of M. G. Be- 
mont, had carried out many laborious fractionations 
of barium chloride, they found that the most insoluble 
fractions were the most radioactive. In the course 
of her experiments Mme. Curie had learned that radio- 
activity is an atomic property depending solely on the 
quantity of active element present. For this reason 
the presence of another active element was suspected, 
and the radioactive barium chloride was therefore 
submitted to M. Demargay for spectroscopic examina- 
tion. He detected a new line in the ultra-violet region 
of the spectrum, and certain other lines, all of which 
were most distinct in the most radioactive prepara- 
tions, and, as fractionation proceeded, the barium 
lines became fainter and fainter (23), (28), (52). 

While tracing down the new element, the Curies 
often wondered how its salts would look, and hoped 
that perhaps they might display beautiful colors. The 
radium chloride which they finally obtained proved 
to be a white salt, however, but it was even more 
beautiful than their brightest dreams: it glowed in 
the dark! Radium, like phosphorus, is a giver of 
light, and this property was to them, as it had been to 
Brand and Kunckel, a source of surprise and delight. 
“One of our joys,’’ writes Mme. Curie, ‘‘was to go 
into our workroom at night; we then perceived on 
all sides the feebly luminous silhouettes of the bottles 








or capsules con- 
taining our prod- 
ucts. It was really 
a lovely sight and 
always new to us. 
The glowing tubes 
looked like faint 
fairy lights’ (8), 
(60). 

The new sub- 
stance was named 
radium, the giver 
of rays, and, were 
it not for this 
property, it might 
still be numbered 
among the missing 
elements. Al- 
though it gives a 
distinct spectrum, 
the method of de- 
tecting it with an 
electrometer is 
five hundred thou- 
sand times more 
sensitive than the 
spectroscopic 
method (9). 

Professor Georges Urbain once said, 





Henri Manuel 


Mme. MariE SKLODOWSKA CURIE, 


1867- 


Professor of radioactivity at the 
University of Paris. With her hus- 
band, Professor Pierre Curie, she 
discovered radium and polonium, and 
founded the science of radioactivity. 


I was certainly privileged, for I saw with my own eyes the birth 
of radium. Pierre Curie, who was my teacher, rendered me the 
incomparable honor of according me his confidence and friendship. 
I saw Mme. Curie work like a man at the difficult treatments of 
great quantities of pitchblende. I saw the first fractionations of 
the bromides of barium-radium. I saw the radium-bearing crys- 
tals shine in the dark before the radium spectrum could be ob- 
served in them. Every Sunday we used to go with Langevin, 
Perrin, Debierne, Cotton, and Sagnac to the little Curie home, 
which was thus transformed into an intimate academy. There 
the master, with his customary simplicity, explained his ideas to 
us and deigned to discuss ours. . . (74). 

The late Wilhelm Ostwald gave in his autobiography 
the following account of his visit to the birthplace of 
radium: 

At my urgent request the Curie laboratory, in which radium 
was discovered a short time ago, wasshown to me. The Curies 
themselves were traveling. It was a cross between a horse- 
stable and a potato-cellar, and, if I had not seen the worktable 
with the chemical apparatus, I would have thought it a practical 
joke (10). i 

When Pierre Curie was urged in 1903 to accept the 
decoration of the Legion of Honor, he wrote, “I pray 
you to thank the Minister, and to inform him that 
I do not in the least feel the need of a decoration, but 
that I do feel the greatest need for a laboratory.”’ 
Nevertheless, Mme. Curie looks back upon the years 
spent in this dingy old shed as ‘‘the best and happiest’ 
ones of her life (8). 


THE URANIUM SERIES 


In 1900 Sir William Crookes prepared a solution 
containing a uranium salt and a small amount of a 
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Courtesy Cornell University 


KASIMIR FajANs, 1887- 

Polish physicist and chemist. Pro- 
fessor of physical chemistry at the 
University of Munich. Co-discoverer 
with Gohring of uranium X; (brevium). 
In 1913 he discovered, simultaneously 
with Soddy, the law of radioactive 
displacement of elements in the peri- 
odic system as the result of a- and 
B-ray emission. 


ferric salt. When 
he added to this an 
excess of a solution 
containing ammo- 
nium hydroxide and 
ammonium carbon- 
ate, he found that 
the resulting ferric 
hydroxide precipi- 
tate was intensely 
radioactive. After 
studying the radio- 
active properties of 
the substance which 
precipitates with 
the iron, he said, 
“For the sake of 
lucidity the new 
body must have a 
name. Until it is 
more tractable I 
will call it provi- 
sionally UrX—the 
unknown substance 
in uranium’ (30). 
It is now known as 
uranium X,;. It was 
found later that 


there are two uraniums, uranium 1 and uranium 2 (12), 


(48), (81). 


In 1913 Kasimir Fajans and O. H. Goéhring of Karls- 
ruhe showed that uranium X, disintegrates by B- 
ray emission into a very short-lived product which they 
called brevium (11), (48), but which is now known as 


uranium Xo. 


Since 1917 Fajans has been serving as 


professor of physical chemistry at Munich, and in 
1930 he delivered a course of lectures at Cornell Uni- 


versity (70). 


Like Mme. Curie he is a native of War- 


saw. Mendeléeff predicted the discovery of uranium 


X-_ in 1871 when he said, 


‘There is a third vacant 


place at series 12 in group V between Th = 231 and 
U = 240 for an element which forms [the oxide] R2O; 


and has an atomic weight of about 235” 


71). 


Since it gives two kinds of 6-rays, uranium X, yields 


two radioactive products: 
Z (12). 


uranium Xo and uranium 
The latter substance, which was discovered by 


Professor Otto Hahn in 1921, belongs to a subordinate 
branch of the family, however, for the disintegration 
of uranium X, yields 99.65 per cent. of uranium X_ 
and only 0.35 per cent. of uranium Z. 


Professor Hahn 
Main. 


is a native of Frankfort-on-the- 
Some of his earlier work in radioactivity was 


done in collaboration with Sir William Ramsay, and 
in many of his later researches he has had the codpera- 


tion of Miss Lise Meitner. 


He is a member of the 


German Atomic Weight Commission and director of 
the Kaiser Wilhelm Institute for Chemistry in Berlin- 
Dahiem. Miss Meitner, who is also a member of the 
staff of this institute, is a native of Vienna. 

There is also a sixth member of this series, known 
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as uranium Y (46), (50), (56), (59), which was dis- 
covered in 1911 by G. N. Antonoff, who was working 
under Sir Ernest Rutherford at the University of Man- 
chester. He afterward returned to St. Petersburg. 
Uranium Y, like uranium Z, belongs to a subordinate 
branch of the family. Soddy attributed Antonoff’s suc- 
cess, not to the special chemical process adopted, 
but ‘“‘to the lapse of a suitable period of time between 
successive separations” (75). Thus in the uranium 
series uranium 1 breaks down to form uranium X, 
and this in turn disintegrates to form the successive 
products: uranium X2, uranium Z, uranium 2, and 
uranium Y. 


THE RADIUM SERIES 


In 1907 the late Professor Bertram Borden Bolt- 
wood of Yale University discovered an element which 
he named zonium and which he found to be the parent 
substance of radium (39). Professor Boltwood had 
acquired a broad cosmopolitan education in Munich, 
Leipzig, Manchester, and New Haven, and was a 
skilled laboratory technician, a sympathetic teacher, 
and a polished gentleman with ‘‘a certain courtliness 
of manner.’ He proved that there is a genetic rela- 
tionship between uranium, ionium, and radium (13). 
Ionium was discovered independently at about the 
same time by Hahn and Marckwald (14), (73), (77). 

The second member of the series is radium itself. 
The task of isolating it was most difficult, and in- 
volved risk of losing the precious product. In 1910, 
however, Mme. Curie and M. Debierne finally suc- 
ceeded in preparing 
the shining white 
metal; but, since 
they needed the ra- 
dium in their re- 
searches, they did 
not attempt to keep 
it in this form. 

Like all radio- 
active elements, it 
undergoes continu- 
ous spontaneous 
disintegration into 
elements of lower 
atomic weight. M. 
and Mme. Curie 
had noticed that 
when air comes in 
contact with ra- 
dium compounds, it, 
too, becomes radio- 
active. The correct 
explanation was 
first given in 1900 
by Friedrich Ernst 
Dorn, who was born - 
on July 27, 1848, 
at Guttstadt in 
eastern Prussia. He 





The Edgar F. Smith Memorial Collection, 
University of Pennsylvania 
BERTRAM BORDEN BOLTWOOD 
1870-1927 


Professor of chemistry and physics 
at Yale University. Discoverer of 
the radioactive element ionium, the 
parent of radium. Ionium was dis- 
covered independently at about the 
same time by Hahn and Marckwald. 





























FEBRUARY, 1933 


studied at K6nigsberg and taught physics for many 
years at Darmstadt and at Halle. Professor Dorn 
showed that one of the disintegration products of 
radium is an inert gas (15), (87). This was at first 
called radium emanation, or niton, but, since it is de- 
rived from radium, the modern name radon is to be 
preferred. It is the last member of the group of noble 
gases previously discovered by Sir William Ramsay 
(62), and in 1910 the remarkable density determination 
of Ramsay and Robert Whytlaw Gray proved that it 
is the heaviest gas known (91). 

In 1904 Miss Harriet Brooks of McGill University 
in Montreal studied the ‘‘active deposit of short life’ 
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as professor of physics at McGill University. After 
serving there for nine years and carrying out many 
remarkable researches in radioactivity, he became pro- 
fessor of physics at Manchester University, and in 
the following year he was awarded the Nobel Prize in 
chemistry. In 1919 he became a professor at Cambridge 
(72). 

Hahn and Meitner (82) and Fajans (33) found that 
radium C disintegrates in two ways, forming radium 
C’ and radium C”. K. A. Hofmann and Eduard 
Strauss noticed in 1900 that radium D has a strong 
resemblance to lead, and these two elements were 
later found to be inseparable (38). Elster and Geitel 








Photo by William Notman & Son, Lid. 


Miss HARRIET BROOKS 
(Now Mrs. PITCHER) 


In 1902 Rutherford and Miss Brooks 
studied the penetrating power of a- 
rays from various sources and made 
the first attempt to determine the den- 
sity of radon by a diffusion method. 
Their study led to the discovery of ra- 
dium A, B, and C. This photograph 
was taken in 1898 when Miss Brooks 
obtained her B.A. degree from McGill 
University. 


which forms as a thin layer on all substances which 
have been exposed to radon (43), a phenomenon which 
Soddy has compared to “a sort of continuous snow- 
storm silently going on covering every available sur- 
face with this invisible, unweighable, but intensely 
radioactive deposit’? (83). From Miss Brooks’s re- 
searches and his own, Rutherford concluded that 
radon forms three successive disintegration products: 
radium A, B, and C. These were found and sepa- 
rated, and in ‘‘the active deposit of long life’ there 
were discovered three additional elements: radium 
D, E, and F (polonium), which are products of further 
disintegration (11), (53). 

Sir Ernest Rutherford was born in 1871 in Nelson, 
New Zealand. After studying at New Zealand Uni- 
versity and Cambridge, he went to Canada in 1898 
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CONDENSATION OF THE RADIUM EMANATION ON THE OCCASION OF PROFESSOR Cox’s 
LECTURE ON LIQUID AIR IN THE MACDONALD PuysICcs BUILDING AT McGILL 
UnIversitTy, Nov. 6, 1902 


The original coil of Rutherford and Soddy which appears in this picture and in 
which the first condensation was effected is still in the Physics Building at McGill 
University. The original photograph bears the initials F. S. [Soddy].* 
the Macdonald Physics Building that Rutherford and Soddy proved that the radio- 
active elements undergo spontaneous transformation. 


It was in 


also made pioneer researches on “‘radio-lead,”’ of which 
radium D is the principal constituent (42). 

Karl A. Hofmann was associated with Adolf Baeyer 
at Munich. Julius Elster was born on December 
24, 1854, at Blankenburg, Germany (85), and studied 
at Berlin and Heidelberg. In 1881 he began his teach- 
ing career at the Wolfenbiittel Gymnasium, where 
he was destined to serve for nearly forty years and to 
carry out many brilliant researches with his intimate 
friend, Hans F. K. Geitel (1855-1923). They showed 
that the radioactivity of common lead is not a specific 
property of the element, but that it is always caused 

* The writer wishes to thank Dr. William H. Barnes and 
Dr. A. S. Eve of McGill University for their kind assistance in 
procuring the photograph of the apparatus for condensing radon 


and the portraits of Miss Brooks (Mrs. Pitcher) above and 
Professor Owens (p. 86). 
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Courtesy Mr. Sederholm, Nobelstiftelsen, 
Stockholm 


Sir ERNEST RUTHERFORD, 1871- 


Professor of physics at McGill, Manchester, 
and Cambridge Universities. He identified the 
three types of radiations from radioactive sub- 
stances, and devised methods for counting alpha 
particles and for determining the number of free 
positive electrons in the nucleus of an atom. 


by admixture of some radioactive substance. Very 
old specimens of lead, which no longer contain radium 
D, are inactive (85). Professor Elster died at Wolfen- 
biittel on April 8, 1920. 

Ramsay, Soddy, Fajans, and Georg Bredig were 
all greatly interested in the anomalous atomic weights 
of lead from various sources, and Fajans sent his as- 
sistant, Max E. Lembert, to America to work on this 
problem with the late Theodore William Richards at 
Harvard (67), (78). Fajans also provided Professor 
Richards with several radioactive ores containing lead. 
After studying ores from Ceylon, Colorado, England, 
Norway, and Bohemia, Richards and Lembert an- 
nounced in 1914 that the atomic weight of lead from 
such minerals is much lower than 207.2, the value 
accepted for ordinary lead (16), (78). O. Hénig- 
schmid and Mile. Stephanie Horovitz (79) of Vienna 
and Maurice Curie (92) made the same discovery 
independently at about the same time. 

These two kinds of lead are now known to be isotopes, 
or inseparable elements which belong in the same 
space in the periodic table and yet differ in atomic 
weight and in radioactive properties. Strictly speak- 
ing, the science of radioactivity has revealed only five 
new elements with distinctive physical and chemical 
properties: polonium, thoron, radium, actinium, and 
uranium X». All the other “radioactive elements”’ 
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have fallen into previously occupied places in the 
periodic table. 

Since the activity of polonium in time disappears 
completely, and since the ratio of lead to uranium is 
almost constant in all uranium minerals, the last stage 
in the disintegration of uranium is believed to be a 
stable, inactive element, wuraniolead, or radium G, 
which is inseparable from ordinary lead. The mem- 
bers of the radium series are: ionium, radium, radon, 
and xadium: A; ‘B,:(C,-C’,’C’, 'D;-5, FE, ‘and:G. 


THE ACTINIUM SERIES 


It has been shown that uranium and ionium each 
have a long line of radioactive descendants. There 
is also a third family, the actinium series, of which 
protoactinium may be regarded as the patriarch. This 
element was discovered in 1917 by Otto Hahn and Miss 
Lise Meitner and independently by Frederick Soddy 
and John A. Cranston at about the same time (47), 
(49), (50). In 1927 Aristid V. Grosse succeeded in 
preparing two milligrams of a white powder which 
was shown to be the pentoxide of protoactinium, 
Pa,O; (88). Protoactinium is an isotope of uranium Z 
and of uranium X»2, and thus there are three radioac- 
tive elements all identical in chemical and physical 
properties with Mendeléeff’s predicted ekatantalum 
avy, 3 
In 1899 André Debierne, a young chemist who had 
served as préparateur under Friedel and who was an 
‘utimate friend of the Curie family, discovered that 
another radioactive element is carried down with the 
precipitate of the rare earths produced by adding am- 
monium hydroxide 
to a solution ob- 
tained by dissolv- 
ing pitchblende 
(40). This element, 
which he named 
actinium, was dis- 
covered indepen- 
dently in 1902 by 
F. Giesel, who re- 
moved it with the 
lanthanum and ce- 
rium (41) and called 
it emanium, 

The actinium se- 
ries is very much 
like that of radium. 
In 1904 and 1905 
Giesel and T. God- 
lewski, while work- 
ing independently, 
discovered the ele- 
ment actinium X, 
which is precipi- 
tated with the ferric 
hydroxide by add- 
ing an excess of 
ammonium carbon- 
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THEODORE WILLIAM RICHARDS 
1868-1928 


Director of the Wolcott Gibbs 
Memorial Laboratory at Harvard 
University. The precision of his 
atomic weight determinations has 
never been surpassed. He discovered 
the anomalous atomic weights of lead 
from radioactive minerals. 
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ate solution to a 
solution contain- 
ing actinium and 
iron (41), (44). 

Friedrich O. 
Giesel (1852-  ) 
wasfor many years 
a chemist at the 
quinine works of 
Braunschweig, 
Buchler and Com- 
pany, and in the 
early days he 
worked up large 
quantities of ra- 
dioactive minerals 
and generously 
distributed his ra- 
dium among in- 
vestigators in all 
parts of the world 
(56). 

Tadeusz God- 
lewski, the young- 
est son of Emil 
Godlewski, the 
famous plant 
physiologist, was born on January 4, 1878, at Lemberg, 
Poland. After graduating from the ancient Jagellonian 
‘University at Cracow, he went to Stockholm for a year 
of graduate study under Arrhenius. A year of research 
under Sir Ernest Rutherford at Montreal resulted in the 
publication of three papers on radioactivity. After re- 
turning to Poland, he became professor of physics and 
rector at the Technische Hochschule of Lemberg, where 
he continued his original investigations in radioactivity 
and electrochemistry. His life was all too short, and 
it is believed that his death in 1921 was caused by leak- 
age of coal gas in his laboratory (89). 

In 1906 Professor Hahn discovered radioactinium 
between actinium and actinium X (45). Actinium 
emanation, or actinon, which, like radon, is an inert 
gas, was discovered independently 
by F. Giesel and André Debierne 
(40), (41). The other members of 
the series, actinium A, B, C, C’, C’, 
and D, are analogous to the corre- 
sponding members in the radium 
series (43), (64). It was proved by 
Boltwood that there is a genetic 
relationship between the uranium, 
the radium, and the actinium series 
of elements, and in 1915 F. Soddy 
and Miss A. F. Hitchins measured 
the steady growth of radium in puri- 
fied uranium preparations (39), (57). 











Dr. JoHn A. CRANSTON 


Member of the Council of the Society 
of Chemical Industry. Chairman of 
the Glasgow Section. He has col- 
laborated with Frederick Soddy in 
important researches on radioactivity, 
and is an independent discoverer of 
the element protoactinium, Mende- 
léeff’s predicted ekatantalum. 


THE THORIUM SERIES 


The thorium series is apparently 
independent of the three just named. 
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In 1905 Otto Hahn, working under Sir William Ram- 
say’s direction, discovered radiothorium in the residues 
from a Ceylon mineral called thorianite, and two years 
later he showed that mesothorium is an intermediate 
disintegration product (19), (35), (36). 

Since the radioactivity of thorium salts is smaller 
than that of the minerals, B. B. Boltwood (93) thought 
that some of the radiothorium must have been lost 
during the purification process. On the assumption 
that radiothorium was formed directly from thorium, 
he computed that the half-life period of the former 
ought to be at least six years, whereas Hahn obtained 
an experimental value of only two years. Hahn there- 
fore assumed that there must exist between thorium 
and radiothorium an unknown rayless product, meso- 
thorium, which can easily be separated from thorium 
in the purification process. 

He found that freshly prepared thorium salts have 
a normal radioactivity which decreases to a minimum 
in 4.6 years. He computed that the undiscovered 
member ought to have a half-life period of five and 
one-half years, and two chemists at the University 
of Chicago, Herbert Newby McCoy and William 
Horace Ross, later verified this prediction. The new 
element was at first called mesothorium, but is now 
known as mesothorium 1 (20), (63), the name having 
been changed because Hahn afterward found that 
mesothorium 1 disintegrates into a short-lived prod- 
uct, mesothorium 2. Soddy’s brilliant elucidation of 
the chemistry of mesothorium 1 led to his theory of 
radioactive isotopes, for which he was awarded the 
Nobel Prize (66). 

Because of its lower cost, mesothorium 1 is fre- 
quently substituted for radium in therapy and in the 
manufacture of luminous watch-dials. The commercial 
process for extracting it from the by-products of mona- 
zite sand was long kept secret, but after Soddy and 
Marckwald independently discovered that it is chemi- 
cally identical with radium, the process for extract- 
ing the latter element from pitchblende was adapted 
so that it could be used for recovering mesothorium 
1 (84), (94). 





Courtesy Scientific American 
APppARATus USED BY Dr. ArIsTID V. GROSSE IN H1s RESEARCHES ON PROTOACTINIUM 


A centimeter scale has been drawn below to show the diminutive size of the 
apparatus. 


86 








ALEXANDER SMITH RUSSELL 


Scottish chemist who discovered the 
effect of a beta-ray change on the 
atomic number of an element. Lec- 
turer on inorganic chemistry at Oxford 
University. He has carried on chemi- 
cal research, especially in radioactivity, 
in the laboratories of Soddy in Glasgow, 
of Nernst in Berlin, and of Rutherford 
in Manchester. His publications in- 
clude many research papers, literary 
contributions, and a book on the chem- 
istry of radioactive substances. 


In 1902 Rutherford and Soddy 
added ammonium hydroxide to a 
thorium solution, filtered off the 
thorium hydroxide precipitate, and 
found that, after evaporating the 
thorium-free filtrate to dryness and 
fuming off the ammonium salts, the 
residue was much more active than 
the original thorium salt (18). This 
observation led them to the dis- 
covery of a new member of the 
thorium series, which they called 
thorium X. 

R. B. Owens, Macdonald pro- 
fessor of electrical engineering at 
McGill University, and Sir Ernest 
Rutherford noticed that when a 
thorium compound is placed in an 
open vessel exposed to air currents, 
its radioactivity is not constant, 
and a study of this anomaly led 
them to the discovery that tho- 
rium gives off a gas, or emanation 
(21), (81), which is now known 
as thoron. It is an isotope of 
radon and actinon, and was the 
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ALEXANDER FLECK 


Author of many research papers on 
the radioactive isotopes. He proved 
the inseparability of uranium X; and 
radioactinium from thorium, of thorium 
B and actinium B from lead, of meso- 
thorium 2 from actinium, of radium E 
from bismuth, and of radium A from 
polonium, and confirmed the discovery 
of uranium X_2 by Fajans and Gohring. 
He is now connected with the Imperial 
Chemical Industries, Ltd. 





Courtesy Ralph E. Oesper 
FREDERICK Soppy, 1877- 


Professor of chemistry at Glasgow, 
Aberdeen, and Oxford. Author of 
books on radioactivity and economics. 
He showed that when a radioactive 
element emits alpha particles, its 
position in the periodic table is shifted 
two spaces to the left, whereas a beta- 
ray change causes a shift of one space 
toward the right. This rule, which 
explains the existence of radioactive 
isotopes, was discovered independently 
by A. S. Russell, A. Fleck, Soddy, and 
Fajans. 








Photo by William Notman & Son, Ltd. 
R. B. OWENS 


He observed in 1899 that the ioniza- 
tion current through a confined volume 
of air exposed to the rays from thorium 
compounds decreased to a minimum 
when air was drawn through his appa- 
ratus. Rutherford showed that this 
effect is caused by the emission of 
thorium emanation, now known as 
thoron. This photograph was taken 
about 1910 when Professor Owens was 
at McGill University. 


first radioactive gas to be dis- 
covered (20). 

Professor Hans Geiger and E. 
Marsden noticed that the alpha 
particles from thoron are expelled 
at such very short intervals that 
they seem to be double. They 
found, as Rutherford suggested, 
that this strange behavior is caused 
by the presence of a very short- 
lived decay product of thoron, which 
they named thorium A (80). Hans 
Geiger was born in Neustadt, Ger- 
many, and was educated at Er- 
langen, Munich, and Manchester. 
He is the director of the Labo- 
ratory for Radium Research at 
Charlottenburg. 

Thorium A quickly decays into 
thorium B, another rather short- 
lived product, which spontaneously 
disintegrates, as shown by Ruther- 
ford, into thorium C (53). By heat- 
ing a lead-encased platinum wire 
charged with the mixture to 700°, 
Miss J. M. W. Slater, Bathurst 
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student at Newnham College, Cambridge, succeeded 
in volatilizing the thorium B* from the platinum and 
condensing it on the cold lead cylinder. At 1000° 

almost pure thorium C remained on the wire (382). 

It was shown by E. Marsden and Thomas Barratt 
and independently by Hahn and Meitner that thorium 
C* breaks down into thorium C’ and thorium C” (20), 
(34), (76). The last member of this series, thorium 
D, or thorio-lead, ends what Soddy has called ‘“‘the 
stately procession of element evolution” (57). Thus 
thorium ‘‘disintegrates in cascade’”’ to form the suc- 
cessive products: mesothorium 1, mesothorium 2, 
radiothorium, thorium X, thoron, and thorium A, 
B, C, C’, C”, and D. 

The explanation of the radioactive isotopes was 
given independently by Alexander S. Russell, Frederick 
Soddy, and Kasimir Fajans in 1913 (90). With the 
aid of Alexander Fleck at Glasgow, who had devoted 
three years to a thorough study of the chemical proper- 
ties of the radioactive elements, Soddy deduced the 
following rule: The chemical properties of an alpha- 
ray product correspond with those of an element whose 
group in the periodic system is two Jess than that of 
its parent. 

A. S. Russell, Carnegie Research Fellow at the 
University of 
Glasgow, soon dis- 
covered the fol- 
lowing corollary 
to this rule: The 
chemical proper- 
ties of a beta-ray 
product corre- 
spond with those 
of an element 
whose group num- 
ber is greater by 
one than that of 
its parent. 

That is, in an 
alpha-ray change, 
or expulsion of a 
helium atom with 
double positive 
charge, the atomic 
number (serial 
number of the 
element in the 
periodic system) 
decreases by two 
and the atomic 
weight by four 
units, whereas in 
a beta-ray trans- 
formation, or 








Mme. Curie AND HER DAUGHTER, 
Mme. IRENE CuRIE-JOLIOT 


The latter has published many 
papers on the radioactive elements. 
During the World War, although still 
very young, she assisted her mother in 
the radiological service to the wounded. 
With her husband, Dr. F. Joliot of 
the Institut de Radium in Paris, she 
is now demonstrating the properties 
of the neutron. 





* Before 1911 the 
elements now known 
as thorium B and 
thorium C were called, 
respectively, thorium 
A and thorium B. 
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emission of a negative electron, the atomic number 
increases by one unit while the atomic weight remains 
unchanged. Thus the combined effect of two beta- 
ray changes and one alpha-ray transformation is to 
produce an element which, like uranium 2, is chemi- 
cally identical with its great-grandparent. ‘‘Radio- 
active children,” says Soddy, “frequently resemble 
their great-grandparents with such complete fidelity 
that no known means of separating them by chemical 
analysis exists” (56). 

The complete sequence of radioactive changes in the 
last twelve places in the periodic system, which has 
been worked out through the researches of A. S. Russell, 
K. Fajans, F. Soddy, A. Fleck, and others, is given 
in the following table: 
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Lonc ARROWS POINTING TO THE LEFT REPRESENT a-RAY 
TRANSFORMATIONS; SHORT ONES POINTING TO THE RIGHT INDI- 
CATE B-Ray CHANGES 


Thus it is evident that there are three radioactive 
isotopes of thallium, seven of lead, four of bismuth, 
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Underwood & Underwood 
MMe. CuRIE RESTING OUTSIDE HER LABORATORY IN PARIS 


seven elements in the polonium pleiad, three inert 
radioactive gases, four isotopes of radium, two of ac- 
tinium, six of thorium, three ekatantalums, and two 
uraniums. 

In 1903 M. and Mme. Curie, together with M. 
Becquerel, were awarded the Nobel Prize in chem- 
istry. The Curie household with its two bright little 
daughters was a most happy one, and the gifted parents 
looked forward to a lifetime of united efforts for science. 
That dream was not to be fulfilled. On April 19, 
1906, as Professor Curie was crossing a busy street in 
Paris, he was struck by a heavy commercial vehicle 
and instantly killed (61). 

As a result of this frightful shock, Mme. Curie 
suffered a long, serious illness, but, when she finally 
recovered, she resolved to devote the rest of her life 
to her children and to science. She taught the little 
girls herself, and for a time had charge of a small pri- 
vate school (22). The elder daughter, Iréne (Mme. 
Joliot), has followed in the footsteps of her illustrious 
parents and devoted herself to science; while Eve, the 
younger one, has become a well-known concert pianist. 

Less than a year after her husband’s death, Mme. 
Curie accepted a professorship at the University of 
Paris. With the able assistance of Professor André 


Debierne, who took charge of the laboratory and has 
continued to teach an ever-increasing number of stu- 
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dents from all parts of the world, she directs the in- 
struction and research in radioactivity (86). When 
the university acquired new land, it laid out a street 
called the Rue Pierre Curie and built a laboratory for 
her. The Curie Institute and the Pasteur Institute 
work in close harmony, and Mme. Curie spends much 
of her time on researches dealing with the therapeutic 
properties of radium and radon. During the World 
War she had complete charge of the radiological ser- 
vice in French military hospitals. 

In 1911 she was awarded the Nobel Prize in physics, 
and is thus the only person ever to have received the 
Nobel award twice. In the same year the French 
Institute held to its ancient tradition and refused to 
elect her because of her sex; but on February 7, 1922, 
she was finally elected a free associate member (69). 
No other woman has ever received this honor. 

Her years in the adopted country have given her a 
mode of expression that is truly French. She sum- 
miarizes her life story in these few words: ‘I was born 
in Warsaw of a family of teachers. I married Pierre 
Curie and had two children. I have done my work in 
France” (1). 
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An EXPERIMENT in 






VISUAL EDUCATION’ 


The existing literature dealing with studies of the use 
of lantern slides in elementary chemical instruction re- 
ports a variety of results and conclusions. It is sug- 
gested that variables which have not received sufficient 
attention are: (1) the nature of the slides presented and 
(2) the method of presentation. 

The present study arrives at some tentative conclusions 
as to the kinds of slides which are effective as teaching aids. 
Sets of slides selected on the basis of these conclusions have 
led to increased achievement in the writer's classes. 


++ + + + + 


NY one who makes a study of advances in meth- 
ods of teaching science is certain to be impressed 
by the increasing attention now given to visual 

aids of all kinds. Many teachers who have been using 
charts, models, graphs, slides, pictures, and the like for 
decades are now awakening to the fact that visual aids 
to teaching promise to play a part of greatly increased 
importance during the next few years. 

During the past two years the writer has added film 
slides and moving pictures to the usual battery of visual 
aids. When a moving-picture projector was installed 
it became necessary to determine the amount of time 
to be given to moving pictures and to consider methods 
of coérdinating them with other visual aids to classroom 
and laboratory teaching. This opened the whole 
question of the effectiveness of visual aids of various 
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types and led to a search of the literature for reports of 
investigations in this field. Many items of value were 
found, though only one is of particular interest here. 

Reports of studies of the effectiveness of the use of 
lantern slides in teaching chemistry and other sciences 
indicate a variety of results. It seems that slides are 
of great aid to some teachers and of little or no value 
to others. It is true that most studies are reported in 
such a way that we are left in doubt as to what kinds 
of slides were used and also as to how they were used. 
This disagreement of investigators as to the effective- 
ness of slides aroused our interest and led to a scrutiny 
of the more than three hundred slides in our chemistry 
department, with a view to evaluating and classifying 
them on the basis of their real teaching value. The 
question of the method of using slides was also of in- 
terest, but this was left for a later study. 

Preliminary tests on our own students gave us a 
number of worth-while facts and ideas. Students in 
the general chemistry class were almost unanimous in 
their preference for the showing of all the slides relating 
to a unit in chemistry at the beginning of the unit 
in connection with a lecture covering the fundamentals 
of the unit. It was decided to adopt this one method of 
using our slides and to solicit student criticism in an 
attempt to evaluate the slides which had already been 
used in the general chemistry class. About one hun- 
dred seventy slides were shown the class for the second 
time. Several students displayed a very keen critical 
sense, and many good ideas were obtained in this way. 
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At the same time, several sets of slides sent out by 
industrial concerns were secured and studied. 

It soon became apparent that some slides had no 
teaching value whatever if evaluated in terms of their 
contribution to the stated objectives of the unit with 
which they were to be used. Other slides aided in 
inducing interest in the subject matter of the unit, but 
seemed to have no other value. Some of the slides in 
the industrial sets apparently were designed purely for 
advertising purposes. On the other hand, some of 
the industrial sets were of great value indeed, often 
being superior to the standard slides which were pre- 
sumably produced solely for teaching purposes. In 
only one case, the iron and steel unit, was there a 
complete set of slides covering the entire unit and 
contributing to practically all the objectives of the unit. 
In all other cases, slides were available to aid in teaching 
only a part of the items of the unit, or else the available 
slides were ineffective in teaching essential parts where 
effective aid was almost a necessity. In some cases the 
sets of slides actually succeeded in avoiding every 
essential part of the unit and taught nothing at all of 
value. 

In the light of criticism from about forty students 
the following tentative conclusions were reached: 

(1) Students greatly prefer to see a set of slides and 
to hear a complete lecture at the beginning of a unit 
rather than later. 

(2) A whole set of slides covering a given unit is 


better received and given more attention by students 
than a few slides shown at intervals or covering only a 


few items. (From a practical teaching standpoint a 
complete set is more to be desired by the teacher as 
well.) 

(3) Slides used in teaching chemistry vary enor- 
mously in their teaching value. Many slides in stand- 
ard sets, and sometimes entire sets, are wholly worthless 
as teaching aids. Sometimes the slides offered for 
sale in standard sets are intended to aid in teaching 
processes or showing industrial methods and apparatus 
which have been obsolete for years. 

’ (4) One of the greatest values resulting from the 
use of slides lies in the interest they induce. Some 
slides which seemed to have little teaching value were 
rated highly by students because they made the subject 
matter of the unit more interesting. 

(5) When either charts or tables can be used to 
teach a given item, the students prefer the charts. 
When diagrams or tables can be used, they prefer the 
diagrams. Yet when the essential figures in a table 
can be made conspicuous in some way or other, the 
students claim that they do learn easily from the tables. 
Students prefer historical data presented in tabular 
form by means of a slide rather than in story form on 
the printed page. 

(6) Students believe they learn more from slides 
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carrying printed captions and printed notations labeling 
the various important features of the apparatus, 
device, or process shown by means of slides. Lettered 
parts are difficult to read and understand unless much 
time is given. 

(7) Students have considerable difficulty in reading 
script on a slide, no matter how clearly it may be 
written. Hand-lettering is more legible than script, 
and typewritten material more legible than hand- 
lettering. Boldface print seems to be more legible than 
any other form of lettering. 

(8) One great value of slides lies in the fact that 
time enough can be given an item so that its details 
can be mastered. Students were unanimous in quoting 
this as one of the important advantages of slides. 

(9) It is evident that slides are not equal to charts 
for showing apparatus of intricate design, or other 
material which has to remain in view for a considerable 
time. 

In an effort to secure further data on the effectiveness 
of various types of slides and to verify some of the 
tentative conclusions mentioned above, it was decided 
to prepare several sets of slides which were free from all 
of the objections found in many of the conventional 
slides, and to try these out in high-school and college 
classes. Five sets of slides were begun, and four 
sets were carried to practical completion. ‘‘Sulfur,”’ 
“Sugar,” “Iron and Steel,’’ and ‘‘Aluminum”’ were the 
subjects or units for which sets were prepared. The 
iron and steel and the aluminum sets were very com- 
plete and made with considerable care. These two 
sets were used exactly as the old ones had been used in 
the same type of class the previous year. No other 
variable was present in the method of teaching used. 
The accomplishment of the class was about 14% 
greater than that of the previous class on each of these 
two units, though the second class had averaged a 
little less than the previous class in general accomplish- 
ment up to the time of the trial of the slides. The 
interest of the class in the experiment probably ac- 
counted for a part of the increased accomplishment, 
but it seems safe to conclude that the slides, prepared 
especially to aid in teaching the specific items desired, 
did actually render more than usual assistance in the 
teaching of these two units. . 

It seems probable that the conflicting findings of 
investigations of the effectiveness of slides in the teach- 
ing of science are partially due, at least, to differences 
in the teaching value of the slides themselves, and 
probably also in the methods of using them. The 
results from this small and rather unscientific experi- 
ment seem to indicate a need for an extensive investiga- 
tion to determine how to prepare slides which will 
render more effective aid in chemistry teaching, and 
to determine just how slides may be used most effec- 
tively. 








CELLOPHANE ROLL FILMS 
for SLIDE LANTERNS’ 


ROSS BONAR, FLOYD BONAR, anp EARL C. H. DAVIES+ 


West Virginia University, Morgantown, West Virginia 


A cellophane roll film of standard width for slide lanterns 
may be quickly made from thin commercial wrapping 
cellophane by the use of carbon paper typing or by pen 
drawings. A roll of cellophane of 0.001 inch thickness 
and 400 inches long, wound on a */\6-inch core is less than 
3/, inch in diameter. Such a roll is equivalent to 120 
slides, with a capacity for at least 8000 words, yet weighs 
less than one glass slide. These rolls are inserted in and 
operated by an easily constructed roll carrier which fits 
into the opening occupied by the slide carrier of the ordi- 
nary lantern. 

Carbon paper impressions on cellophane smear easily. 
Such typing may be made more permanent by passing the 
typed film through a suitable liquid, such as ethyl acetate, 
followed by blotting and drying. 

++ ooo + 


HE use of cellophane as a convenient material 
for making lantern slides has been described by 


core the roll is less than */, of an inch in diameter, yet 
is equivalent to about 120 slides, with a capacity of 
from 8000 to 10,000 single spaced typewritten words 
(from eight to ten pages of THIS JOURNAL). Yet, a 
roll of this size weighs less than one glass slide. 


THE ROLL-FILM CARRIER 


The essential materials needed for the construction 
of the roll-film carrier consist of a thin sheet of brass, 
aluminum, cardboard, or other suitable material, and a 
smooth */;-inch rod of brass, glass, or other substance. 
Details of construction of one form of roll carrier are 
shown to scale in Figures 1 to 5. If desired the frame 
may be made long enough to contain a section for slides, 
which may be used to supplement the roll film by merely 
inserting the slide and pushing the carrier a few inches 
to one side. 

A very simple carrier may be made by cutting a 
frame from the bottom of a cardboard box and binding 

it together with ad- 
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about 20 inches wide. These rolls may be cut to the 
proper width by a slight sawing motion of a sharp knife. 
Jagged edges should be avoided, since they are apt to 
start tears in the film. Cellophane is quite tough, but 
tearing, once started, proceeds easily and noiselessly. 
Cellophane which has been moisture-proofed by a thin 
transparent coating does not take ink readily and will 
not take the treatment described later for ‘‘fixing’’ car- 
bon typing. Untreated cellophane may be easily de- 
tected, since it softens readily in water. 

Typing on cellophane requires the use of carbon 
paper for satisfactory legibility, since the ribbon does 
not give a sufficiently heavy impression. Tests made 
with a variety of carbon papers showed better results 
with those of soft finish, such as are used for noiseless 
typewriters. When typing, a heavier impression is 
obtained by using strips of carbon paper on both sides 
of the cellophane, although one strip is fairly satis- 
factory. When only one strip is used it should be 
placed on top of the cellophane, thereby making the 
writing visible to the typist. Errors in typing may be 
easily erased by use of a clean cloth. 


Serrated Knob nd 
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Film Guide 
FIGURE 6.—ROLL FILM CARRIER 
Attachment assembled and threaded with film. 


Cellophane takes pen work quite readily. This is 
best done after the film is threaded into the carrier. 
A piece of cardboard may be inserted under the guide 
rollers to support the film. Graph paper placed over 
the cardboard will aid in uniform lettering and lining. 

Of several inks tried, it was found that for dark, sharp 
lines black India ink is best, while for colored drawings 
the transparent inks are better than those which 
contain opaque, colored pigments. For fine, sharp 
lines an extra fine pen, such as the crow quill steel pen, 
is desirable. Wrinkles in the film caused by the ink 
will scarcely be noticeable on the screen. Ink drawings 
on cellophane need no “fixing” process to make them 
permanent. Water-soluble inks are difficult to remove 
from cellophane. Black India ink may be removed by 
a soft cloth while still wet, or with a cloth moistened 
with ethyl acetate after drying. Pen scratches cannot 
be removed. Drawings may be original or traced from 
pictures, graphs, or charts placed beneath the trans- 
parent film. If many repetitions of the same design 


are needed, a rubber stamp, stencil, or type may be 
used. 
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FIXING CARBON PAPER WRITING 


Carbon typing on cellophane readily smears. If 
permanency is desired it should be further treated. 
A satisfactory procedure consists of passing the typed 
film through a suitable liquid and carefully blotting it 
between unglazed paper while it is moist, care being 
taken that the blotting paper does not slide over the 
wet surface. The paper removes most of the liquid 
and excess ink. The film is then placed between dry 
paper and pressed for several minutes to complete the 
“fixing.” 

Of fifty chemicals tried, the most satisfactory for the 
purpose are: amyl acetate, ethyl acetate, methyl 
acetate, acetaldehyde, benzyl alcohol, isoamyl alcohol, 
a mixture of 75 per cent. diethyl ether and 25 per cent. 
ethyl alcohol. Films treated with these were wound 
and rewound as much as 200 times and still showed no 
signs of smearing, while untreated carbon typing starts 
to smear with the first winding. 

The fixing reaction seems to be somewhat as follows. 
Before the treatment, little flakes of carbon ink con- 
stitute the face of each typed letter. The fixing bath 
begins to dissolve these and causes increased penetra- 
tion or adhesion, because the dye substance or the 
vehicle in the carbon ink is soluble in the fixing liquid. 
If the printing on the cellophane is blotted while wet 
with the solvent and soon after treatment, the excess 
flakes which would cause smearing are either removed 
or made to adhere more tightly to the film, while if 
allowed to dry without blotting the ink dissolves and 
runs, giving color streaks. Printing, stenciling, or 
writing with inks which give no flaky particles should 
not smear. 


OPERATING THE ROLL FILM AND CARRIER 


A few suggestions concerning the threading and 
operating of the roll film and carrier should prove 
valuable. If slots are provided in the film rollers, the 
cellophane is threaded in much the same manner as a 
kodak film; if. not, a bit of glue or saliva should be 
rubbed along the roller and the end of the cellophane 
touched to it. Straight and smooth threading of the 
ends of the film is important, for upon this depends, in a 
large degree, the smooth winding of the film. Fresh 
cellophane surfaces tend to be sticky when pressed 
together. Therefore, in winding the film it is better to 
wind it loosely at first, guiding it carefully onto the 
roller, and later tightening it by turning the roller 
on which it is being wound. After the other end is 
threaded, running the film back and forth a few times 
will make it wind more compactly and smoothly. 
Under no circumstances should much force be used in 
tightening the roll of film, for creases will be pressed into 
it. Once wound, the cellophane film tends to set itself 
to the roll and winds more readily thereafter. 

If reasonable care is taken, tearing of the films should 
be rare. Torn films may be readily mended with 
transparent library tape, glue, or temporarily with 
saliva. There is little danger of cellophane being 
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ignited in the ordinary lantern. A tightly wound roll 
of film will scarcely burn. Buckling of the film by heat 
should give little trouble, especially if the film is kept 
taut. 
USES 

The cellophane roll film is especially useful for lec- 
tures which involve graphs, maps, mathematical 
equations, chemical reactions, and structural formulas, 
particularly those used in organic chemistry. Compli- 
cated diagrams of apparatus and biological specimens 
may be drawn in colors and preserved, whereas the 
usual chalk drawings must be erased. Artistic talent 
among the students may be preserved for the school 
after the artist is gone. Film-making’ projects in 
school clubs may be employed for illustrating a par- 
ticular piece of literature or science topic, or for original 
caricatures and comic strips. From fifty to one 
hundred songs may be typed on a 400-inch roll, or the 
music and words may be penned on the film. 
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The cellophane roll film has several advantages over 
the various types of still projection now in use and 
should prove a valuable supplement to them. For 
typed or penned material its larger surface gives it a 
distinct advantage over “‘strip films’’ in that photo- 
graphic transfer is not necessary, more material may be 
placed on corresponding lengths, and the projecting 
conditions need not be different from those of the 
ordinary slide. No extra lens system or costly altera- 
tion of the projection lantern is required. The slide 
carrier is merely withdrawn and the roll carrier in- 
serted. Compared to the slide, the cellophane roll is 
extremely compact and light, and when once made 
there is no subsequent mixing of the slides. Further- 
more, the film may be quickly turned from one section 
to another or slowly and continuously turned as de- 
sired. The cellophane roll film lends itself readily to 
home-made production and at a cost far less than the 
glass slide. 





ANEW METHOD of APPROACH 
for QUALITATIVE ANALYSIS 


D. J. BROWN ano H. ARMIN PAGEL 


The University of Nebraska, Lincoln, Nebraska 


N contrast to the usual method of procedure of 
I “group knowns” for the first few analyses, we re- 

quire the complete analysis of pure salts, acids, 
bases, or anhydrides. 

In a preliminary discussion on the constituents of 
pure inorganic substances, the instructor makes the 
following assignment: Compile a list of (a) six salts, 
each having a different acid radical with two basic 
radicals; (b) salts with one basic radical and two acid 
radicals; and (c) salts with a total of four or more 
radicals. The entire list is to be selected from the 
usual manufactured substances. Manufacturers’ cata- 
logs and textbooks are made available to the class. 
At the next meeting of the class this assignment is 
discussed and serves as the basis of the following 
conclusions: 


(1) Salts usually contain only one acid radical. 
If they contain two basic radicals (the usual 
maximum), at least one belongs to the alkali 
group (including ammonium). 

(2) All basic radicals of the analytical groups 
preceding the alkaline earth group, and mag- 
nesium, may appear as constituents of the common 
double salts. 

(3) Except in the alkali group, only one of the basic 
radicals occurs in any one analytical group. 


These facts are discussed in relation to the text. 
We use A. A. Noyes’s ‘‘Qualitative Analysis,”! and all 
references will be to this text. Special attention is 
called to the fact that we may have a salt of an ampho- 
teric hydroxide, permanganate, chromate, arsenate, 
arsenite, antimonate, or stannate as an acid radical, 
in which case a precipitate from the acid radical 
appears with the basic group. In such cases the tests 
for all other common acid radicals will be negative. 
Since the usual salts of the amphoteric acid radicals 
are those of the alkalies and less frequently those of the 
alkaline earths, these introduce no complications. 
Chromates and permanganates of the iron group are 
not issued, but the fact is stressed that if all other basic 
radicals are proved absent, the complete analysis of 
the iron group would be necessary. To simplify the 
work, no phosphates or salts which are insoluble in 
procedures 2 and 3 are issued. 

Any common salt within the limits of Noyes's text, 
and limitations given above, may be quickly identified 
by procedures 1-3; 11-13; 21-3; 51; 71; 81-3; 
91-2; 101-5; 115-16; with the following additions. 
(a) Use about one-third of a ml. of the powdered 
samples for procedures 2 and 101 and, in the latter 
case, use only 10 ml. of sodium carbonate solution, 


1 Macmillan Co., New York City, 1923, 9th edition. 
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filter and dilute to 12 ml. 
tween chloride and cyanide: 


(b) To differentiate be- 
To 1 ml. of the filtrate 


from procedure 101, add 1 ml. 6 N HNO; and a few © 


drops of ferrous chloride solution and shake thoroughly. 
A blue color indicates cyanide. (c) To differentiate 
between chlorate and hypochlorite, repeat procedure 
- 102, omitting the addition of sodium nitrite. If a 
precipitate forms, filter. See Note 9, procedure 101, 
and Note 1, procedure 102. (d) To differentiate 
between oxalate and fluoride: To the contents of the 
test-tube in procedure 103, add 2 ml. of 18 WN H2S0,; heat 
nearly to boiling and add two drops of 0.2 M KMnQ,. 
Decolorization of the permanganate with evolution 
of gas indicates oxalate. (e) The nature of any gas 
evolved in procedure 2 aids in identifying carbonate, 
sulfide, sulfite, nitrite, and cyanide. (f) To distinguish 
which member of the alkaline earths may be present, 
the carbonate precipitate in procedure 71 is dissolved 
in 6 N HCl and the resulting solution examined spectro- 
scopically. 
Since the student does no preliminary procedures, 
the following mimeographed method of procedure is 
given: 


To “run a blank’ repeat the procedure or series of procedures 
in absence of all constituents that would give a positive result. 
For P 102, for example: To 1 ml. 3 N Na,CO; instead of the 
filtrate from P 101, add 5 ml. water, etc., as directed. Jf no 
precipitate remains, the reagents are free from any constituent 
that would give a positive result in this group. If ‘“‘a blank” 
gives any other product than a clear solution, a special state- 
ment is usually included as a part of the procedure or the notes. 
In this case if a precipitate remains, it proves that at least one of 
the reagents used is impure. To detect which, omit the 3 N 
NazCOs, and if the impurity is not proved to be in that solution, 
omit the NaNOs, and if necessary, omit both, in each case 
treating the mixture with all other reagents as directed in making 
an actual determination. The reagents that might influence the 
results in P 102 may be checked by the method given in P 107, 
Note 2, but if the chemist does not know the probable effect of 
the variation, or if he desires to observe the chemical and physical 
changes, the steps of the procedure must be duplicated as nearly 
as possible. 

To “run a control” duplicate the procedure or series of pro- 
cedures with the addition of a test solution. For example, if 
iodide is thought to give the positive results in P 102: To1 ml. 
3 N NazCO; add 0.1 ml. to 2 ml. of iodide test solution, the 
amount indicated by the permanent precipitate formed by the 
sample that you are analyzing, and in all other respects complete 
the procedure as in making the actual determination. If you 
have done the procedure correctly and your reagents are correct, 
the observed results are those indicated in the procedure and 
notes for iodide. Sometimes constituents which are detected 
in other groups have effects that are not observed with a ‘‘blank’’ 
but give peculiar reactions. For example, ‘“‘run a control’’ for P 
102 using the chromate test solution. 


In our course we require the analysis of four different 
salts, chosen with a view to emphasizing both the 
various group isolations and the relations previously 
discussed. This brings forcefully before the student 
the importance of accuracy in every procedure and 
thorough observation of all results. Since lead is the 
only basic radical which occurs in two different groups, 
it constitutes the only case in which a smaller pre- 
cipitate follows a larger one, hence the student has a 
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check on his work of group separations. We con- 
stantly stress the fact that proof of absence of a group 
is as important as the proof of its presence, since the 
validity of all later work is based on these clear-cut 
group separations. The student must report the 
formula (including water of crystallization if present) 
and the name of the salt, acid, base, or anhydride. 
Special attention is called to the fact that the substance 
reported must have properties which agree with those 
observed in procedures 1, 2, 3, and 101, etc. If the 
report is incorrect the data are carefully reviewed 
with the student. If the error is due to incorrect 
manipulation the student must repeat the work under 
the direct supervision of the laboratory instructor 
to eliminate a repetition of the incorrect procedure. 
Preceding the first report a number of positive and 
negative procedure results are discussed in class. 
However, with all of this preliminary discussion, the 
poorer student frequently has trouble in orienting his 
observations. Therefore in case a student’s report is 
wrong due to incorrect interpretation, he is given 
arbitrary examples requiring a similar type of inter- 
pretation. This method of instruction is rigidly 
followed during the earlier part of the course. 

Following the analysis of the four simple substances, 
the next unknown is a. mixture containing a maximum 
of two salts (one of them present in small proportion) 
together with an insoluble residue. Only the acid- 
soluble constituents are determined. In some cases 
the salts may have the same basic or acid radical. 
In every case, however, the basic constituents are 
limited to the copper, arsenic, and iron groups, and the 
acid constituents to the arsenic and chloride groups. 
The student reports the actual salts present in the acid- 
soluble extract, and the residue is reported as a compo- 
nent of the mixture. 

Attention is called to the fact that the separation of 
any group is in fact only a repetition in principle of the 
analysis of a pure salt, but that the method for the 
initial treatment of the precipitate or solution is very 
definite, since the acid radical for the basic groups, 
or basic radical for acid groups, is always known. 
Also, since many of the substances precipitated in a 
group have properties more nearly alike, greater skill is 
necessary for their separation. ‘ 

The next unknown mixture consists of a maximum 
of three salts in addition to an insoluble residue. 
Again, one salt may be present in very small pro- 
portion. These radicals are usually distributed be- 
tween only two basic and two acid groups, including 
the alkaline earth and sulfate groups, in addition to 
those groups assigned in the preceding unknown. 
The analysis is made for “‘aqua regia-soluble” constitu- 
ents. In addition to the usual report, the student 
includes the approximate percentages of certain radicals 
which are easily estimated. For this estimation we 
give the following mimeographed procedure: 

To determine the approximate amount of a constituent present 


in a sample analyzed, treat two definite amounts of the appropri- 
ate test solution in parallel by a slight modification of the final 
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procedure, usually as outlined in the method of running a “‘con- 
trol.’ Pour into a clean, dry test-tube sufficient to run dupli- 
cate “controls” and return to your desk to do the actual pro- 
cedure. If the product of the procedure is very small use 0.1 
ml. and 0.5 ml. of test solution but if exceedingly large, 5 ml. 
and 20 ml., and for intermediate amounts use appropriate 
volumes. Run the control on each, using vessels of the same 
shape, volume, and color as used in the actual determination. 
Test-tubes usually are best. Compare the intensity of color, 
the turbidity, or amount of precipitate produced by your sample 
with that produced by the test solutions and estimate the milli- 
liters of test solution necessary to produce the same results. 
The estimation can be made more accurate by running a larger 
number of controls within the probable range. Another method 
is to dilute the more concentrated solution until it has the same 
intensity of color or turbidity and then compare the volumes. 
The estimated volume of test solution necessary to yield the 
product that duplicates the amount in the portion analyzed or 
represented in the test is used to calculate the percentage if the 
sample is a solid, or grams per liter if the sample is a liquid. 


The preceding analysis is followed by a complete 
analysis of a mixture of salts within the limits of the 
text. 


This in turn is followed by various types of 
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analyses such as alloys, solutions, etc., as suggested 
in procedure 1 of the Noyes text. The constituents 
of these analyses are so varied as to bring before the 
student a maximum variation, both in procedure and 
quantities of constituents present. 


SUMMARY 


This method brings before the student the simplest 
separations first. 

The idea of “‘blank’’ and “‘control,’”’ actually used 
by chemists, gives the student a practical method of 
checking his work which we believe superior to the 
usual analysis of “‘knowns.”’ 

The “estimation” gives a check on the quantitative 
separation of radicals, a point that should be stressed 
in qualitative separations. (Compare Noyes’s preface.) 

Except for the first two mixtures, the student is 
dealing with complete analyses. These two mixtures, 
even, bring before the student special methods of 
approach. 





There are many high-temperature oxidation-reduc- 
tion and fusion reactions in the scope of general chemis- 
try which should form an important part of the labora- 
tory work in the subject. Such reactions include, for 
example, the oxidation of the metals, their reduction 
from their compounds, and many kinds of combination 
and displacement reactions between anhydrides. This 
kind of work has been quite generally neglected in 
elementary laboratory courses because the blowpipe 
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or various types of blow-torches usually employed to 
direct the necessary fine hot flames upon the reacting 
masses are special pieces of apparatus requiring con- 
siderable technic for effective use. A simple burner 
giving an intense flame that can be easily applied to a 
desired material is needed to make these experiments 
available. It is the purpose of this note to describe a 


torch that has been developed in our laboratory for 
student use in the field of high-temperature reactions. 
The device has proved to be entirely satisfactory and is 
so simple that any student can make one in a few 
moments. 





A SIMPLE BURNER for 
BLOWPIPE REACTIONS 


IRVING A. COWPERTHWAITE 


Columbia University, New York City 












The burner is shown in the accompanying diagram. 
It is made from a piece of glass tubing, A, of about 3-4- 
mm. bore drawn down to a fine tip, B. The tip at B 
should be closed down by rotating in a Bunsen flame 
until it is of such a size that the full pressure of the gas 
behind it will give a blue flame about an inch to an inch 
and a half in length. Such a flame will have a well- 
defined inner cone, C, with a pale yellowish tip, and a 
nearly invisible outer cone, D. Oxidation experiments 
are effectively carried out at the tip of the outer cone 
and reduction reactions at the tip of the inner cone. 
It should be emphasized that this burner requires no air 
and so relieves the student of the tiring and disagreeable 
task of blowing. The flame from this burner will reduce 
copper compounds and yield the metal as a molten 
globule. As the melting point of copper is 1083°C., 
the temperature of the flame is at least 1100°C. How- 
ever, although the temperature of the flame is high, 
its capacity is rather low and it should only be used on 
small samples of the reacting material supported on a 
heat insulator such as a block of charcoal. 

All the usual blowpipe experiments such as the oxida- 
tion of metals, reduction of their salts, reduction of 
sulfur compounds to sulfides, production of green cobalt 
zincate and blue cobalt aluminate, as well as such fusion 
reactions as the making of glass and the disintegration 
of silicates with sodium carbonate are easily and 
comfortably performed with this little glass burner. 














MEDICAL ASPECTS of VITAMIN A 
as an ANTI-INFECTIVE AGENT 


R. G. TURNER 


Detroit College of Medicine and Surgery, Detroit, Michigan 


Animal experimentation has shown that carotene, the 
plant source of vitamin A, is equally as protective against 
infections of the upper respiratory tract and middle 
ear as cod-liver qil, the animal source of vitamin A. 
Infections in these loci are encountered most frequently 
when that portion of the tract is affected by a change in 
cell structure which takes place in the albino rat deprived 
of vitamin A. To combat the common cold, sinus, and 
mastoid infection, one must keep the mucous linings of 
these localities in a normal condition. This is best 
accomplished by consistent vitamin A intake at a liberal 
level. 


+++ + + + 


upper respiratory tract, middle ear, and nasal 
cavities constitutes one of the greatest problems 
of clinical investigation. Research studies may not 
only aid in relief of those suffering from head colds, 


wae prevention and cure of infections of the 


sinus, and mastoid infections but secondarily may be 
beneficial in controlling other systematic conditions. 
Smith! in a review on symptoms and treatment of 
upper respiratory infections gave statistics showing 
that ninety per cent. of all acute diseases of children 
have their origin in nasal infections and that thirty 
per cent. of the fatal illnesses in infancy have their 
beginning in the same manner. Cone? reports on the 
frequency of infections of the nasal cavities in infants 
and children under eleven years of age when admitted 
to the hospital for treatment of various systematic 
conditions. In a large number of the cases the syste- 
matic conditions were removed by treatment of re- 
spiratory foci alone. Dr. Cody of Houston, Texas,* 
recently reported to the American Medical Association 
the beneficial effects of vitamin A therapy in acute 
abscesses of the middle ear in infants and children. 
He found that large amounts of vitamin A added to the 
diet reduced the period of discharge, made repeated 
incisions less frequent, lessened complications of the 
mastoid bone, and hastened the return of hearing. 
The problem of acute infection among school children 
is of a vital importance to any community. The 
efforts made to combat the common cold and diseases 
of the upper respiratory tract began with the bacterio- 
logical studies of Ghon and Pfeiffer* in 1890 on Micro- 


1D. L. Smitu, South Med. J., 22, 918 (1929). 

2 A.J. Cong, Laryngoscope, 37, 19 (1927). s 

3C. C. Copy, Sct. News Letter, 21, 324 (May 21, 1932). 

4 A. GHON AND H. PFEIFFER, Z. Klin. Med., 44, 262 (1902). 
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coccus catarrhalis, a gram-negative organism occurring 
among the flora of the nasal passages. These authors 
believed that the pathogenicity of the micrococcus 
was slight, though occasionally in catarrhal inflamma- 
tion it may be a causative factor. Though many 
investigators have carried on the struggle to determine 
the etiology of the so-called common cold, little is 
definitely known today. It is uncertain whether it is 
caused by a single or by a variety of infectious agents. 
Streptococci, pneumococci, and numerous other organ- 
isms have been described as possible causative agents, 
but to none can etiological importance be conclusively 
attached. Kruse’ in 1914 suggested that the cold 
may be due to a filtrable virus. Though studies along 
this line have been carried on to the present date no 
definite conclusions have been reached. These facts 
make it doubtful as to whether or not infection of the 
nasal cavities and accessory sinuses is the result of a 
specific infection. Lawson® states that the epithelial 
membrane lining the normal sinus is histologically 
similar to that found in the nasal cavities and upper 
respiratory tract. Characteristic of this membrane 
in normal conditions is a mucous secretion covering 
it, which offers resistance to bacterial invasion. From 
data accumulated in this laboratory it is believed that 
the condition of the mucosal lining itself is the most 
important factor. 

Experimental and clinical evidence has established 
the fact that deficiency of vitamin A produces a lowered 
resistance to infection. The development of various 
lesions appears to be a characteristic accompaniment 
to the development of xerophthalmia, a disease of the 
eyes occurring from lack of vitamin A. These lesions 
occur in the cornea, nasal passages, accessory sinuses, 
middle ear, tongue, and upper respiratory tract. 
Besides lowered resistance to infection the accumulated 
studies of various investigators show that absence 
of this vitamin results in retarded growth and develop- 
ment with susceptibility to infections of the salivary 
and lymph glands, lungs, skin, kidney, ureter, and 
alimentary canal. Lack of vitamin A produces also 
physical weakness, failure of appetite and digestion, 
sterility, and cornification of the epithelium cells. 

The artificial concentrates of this vitamin are (a) 
the non-saponifiable fraction of cod-liver oil and (0) 
carotene obtained from carrots or green vegetables. 
Recent investigations of Norwegian chemists have 


5 W. Kruse, Miinchen Med. Wochnschr., 61, 1547 (1914). 
6 L. J. Lawson, Am. Otol. Rhin. Laryng., 39, 159 (1930). 
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shown that halibut-liver oil is a more potent source 
than cod-liver oil. 

Green and Mellanby’ studied the anti-infective 
action of carotene (the plant source of vitamin A) 
and give convincing data that it confers a considerable 
degree of immunity against spontaneous infection in 
growing rats. 

The bacterial flora of the upper respiratory tract of 
white rats which receive an adequate supply of vitamin 
A (control animals) may show organisms similar to 
those encountered in the suppurations of xerophthalmic 
animals, those which receive no source of vitamin A. 
Seventy per cent. of the control animals showed 
positive cultures from the nasal cavities but suppura- 
tion was absent in one hundred per cent. Purulent 
suppurations were encountered in the nasal cavities 
of sixty-two per cent. of 127 animals on a diet from 
which this vitamin had been withdrawn. Why is it 
that ordinarily harmless organisms present normally 
in the upper respiratory tract are able in the presence 
of vitamin A deficiency to develop a virulence which 
frequently results in a fatal septicemia? 

Carotene administration to animals with definite 
vitamin A deficient symptoms, whether orally, sub- 
cutaneously, or intramuscularly, reduces the number 
of spontaneous suppurative lesions in the upper respira- 
tory tract, xerophthalmia is cured in one hundred per 
cent., and normal health regained in seventy-four per 
cent. The percentage incidence of bacteria is notice- 
ably less than encountered in animals receiving no 
carotene. Of ninety-four cultures taken from the nasal 
cavities of thirty-two rats receiving carotene therapy 
sixty-three per cent. were sterile, and only seven per 
cent. of the loci from which the cultures were taken 
showed suppuration. The percentage incidence of 
other systematic conditions which accompany vitamin 
A withdrawal, such as hematuria, enteritis, calculi 
in the common bile duct, and jaundice, is also greatly 
reduced through carotene treatment. This fortifying 
effect of carotene against invasion of bacteria is of 
utmost importance and encourages the use of vegetables 
containing this pigment to maintain health and vigor. 
Progress in the chemistry of vitamin A has been rapid 
in the past year and has been summarized in the 
preceding number of THIs JOURNAL (p. 13f.). There are 
good prospects that a concentrate of carotene, bene- 
ficial in the prevention and cure of upper respiratory 
and middle ear infections, will soon be available. 
One of the problems confronting investigators before 
carotene may be used medicinally in a concentrated 
form is the stabilization of this pigment. Under 
ordinary conditions it is converted to the achroé- 
form, yellow in color and inactive. Heat hastens this 
conversion. Dr. Matill® of the University of Iowa 


7H. N. GREEN AND E. MELLANBY, British J. Exper. Pathol., 
11, 81 (1930). 

8H. S. O_covicu anp H. A. Marti, J. Biol. Chem., 41, 105 
(1931). 
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paved the way to circumvent this transformation by 
making a solution of carotene in ethyl laurate and 
adding an organic reducing agent, hydroquinone. 
In this solution fading did not take place during forty- 
five days of exposure to the air at room temperature. 
He found that carotene in natural oils was relatively 
stable, the rate of fading comparable to that of the 
ethyl laurate containing hydroquinone. Recent un- 
published data from this laboratory have shown 
that carotene can be stabilized for periods of seven 
months or longer at room temperature in the light under 
exposure to the air daily for a period of five minutes. 
The prospects, therefore, of obtaining a stable carotene 
solution for medicinal use in combating infection are 
hopeful. 

Why carotene and vitamin A promote increased 
resistance toward bacterial invasion and _ protect 
against the development of suppurative lesions, 
especially of the upper respiratory tract, is not defi- 
nitely clear. It is known that the lining membrane of 
the sinuses is normally sterile, owing probably to a 
mucous secretion of the membrane which is protective 
against bacteria. A change in the condition of the 
membrane lining the sinuses and nasal cavities must 
be the factor leading to pathologic tissue in these 
localities. Such changes may be catised by numerous 
factors. The accumulated work of various investi- 
gators gives the general impression that lack of vitamin 
A in the animal body brings about changes in the cells 
of the membranes lining the localities in question. 
The change in the structure of the cells may have an 
influence on the secretion of protective substance 
or may change its character so that invading organisms 
gain a foothold and suppurative lesions result. 

In the rat metaplasia of the epithelial membrane 
has been reported. Wolbach and Howe® found a 
metaplasia of the epithelial membrane in rats suffering 
from deficiencies in vitamins A and D. Goldblatt and 
Benischek” as well as Green and Mellanby" reported 
similar changes following feeding of rats on diets 
deficient only in vitamin A. Thus it seems that in- 
fections of the upper respiratory tract are encountered 
most frequently when that portion of the tract is 
affected by a change in cell structure. 

To prevent diseased conditions of the nasal cavities 
and sinuses therapeutic measures should be such as 
will keep the mucous linings of these localities in a 
normal condition. Thus far in animal experimentation 
vitamin A as present in cod-liver oil or halibut-liver 
oil and carotene, the copper-colored pigment in carrots, 
has proved most beneficial. It is only a matter of 
continued research to determine definitely their forti- 
fying effect on upper respiratory diseases of infants, 
children, and adults. 
oak B. WOLBACH AND P. R. Howe, J. Exper. Med., 42, 753 
é 10 i GOLDBLATT AND M. BENISCHEK, tbid., 46, 699 (1927). 


11H, N. GREEN AND E. MELLANBY, British Med. J., 2, 691 . 
(1928). 





VARIATIONS in the PRICES of METALS 
in the LAST TWENTY YEARS 


JOHN C. BAILAR, JR. 


University of Illinois, Urbana, Illinois 


Of all the factors which tend to change the cost of living, 
war and depression are the most important. The metals, 
which are necessary for warfare and for industrial 
expansion, are affected by these factors to an amazing 
degree. The price trends of the metals are therefore of 
particular interest at the present time. 

The study of these price changes is complicated by the 
fact that there are always many economic influences at 
work in addition to war and depression—development of 
new sources of supply, discovery and promotion of new 
uses for the metals, and governmental regulation and 
protection. 

The iron and steel market follows the economic develop- 
ment of the country more closely than do the markets of the 
other metals, probably because iron and steel are used in 
much larger amounts than the other metals. 

The copper industry has had exceedingly prosperous 
periods within the last two decades; it has also had periods 
of horrible depression. The copper producers of the world 
have attempted to stabilize the market and prevent these 
extreme fluctuations, but their efforts have not been wholly 
successful. At the present time the price of copper is very 
low, and the future of the industry is in some doubt. 

The most important factors in determining the prices 


++ + 


OR countless generations the world has watched 

the periodic rise and fall in the cost of living. 

Economists have long known that of all factors 
tending to raise prices, war is by far the most powerful, 
and that the rise in prices due to war is often followed 
by a precipitous decline. The study of the rise and 
fall of prices is of particular interest now, for within 
two decades the world has experienced the worst war 
and one of the worst depressions in her history. We 
have seen the cost of living almost treble within ten 
years, and then tumble nearly to its starting place. 
Prices of some commodities, of course, have fluctuated 
much more than those of others. Materials which were 
used in the direct pursuit of war showed the greatest 
increases in prices—the list includes explosives, steel, 
brass, fuel, and substances used in the manufacture of 
aircraft. The raw materials which are most affected by 
the depression are those which enter largely into 
industrial expansion—materials used by the building, 
machinery, and transportation industries. The metals 
fall in both groups and, in consequence of that fact, 
the study of the recent price trends of the more im- 
portant metals shows many points of interest. The 


of zinc and lead have been the development of new uses 
for these metals and many improvements in their metal- 
lurgy. 

The price of tin is determined largely by factors which 
operate outside of the United States. The scarcity of tin 
supplies and the speculative nature of the tin market make 
the economic picture of the tin industry a very interesting 
one. 

The metals magnesium, aluminum, and nickel have all 
become important in recent years, and all of them are still 
growing in usefulness and importance. The fact that 
magnesium and aluminum are rivals in the light metal 
field lends some interest to a comparison of the prices of 
these two metals. The aluminum industry and the nickel 
industry are affected by economic changes in much the 
same way because each of them 1s owned, to a great extent, 
by one company. 

Silver is produced in comparatively small quantities, 
and has but few industrial applications. It is neverthe- 
less extremely important because of its use in the monetary 
systems of the world. The cataclysmic changes to which 
these monetary systems have been subjected within the last 
twenty years have brought about startling changes in the 
price of silver. 


++ + 


problem is extremely complicated, for superimposed 
upon the rise and fall due to war and the general 
business depressions are influences exerted by new 
inventions, tariffs, monopolies, and the development of 
new sources of supply. It would be almost impossible 
for any one to give a complete survey of analyses of these 
price changes; in a paper such as this one, we can barely 
touch the highest spots and the lowest spots, and give 
each a word of explanation. 

While this study is concerned mainly with the 
period that began with the World War, we will get a 
better perspective if we begin our review of the eco- 
nomic position of the United States at a slightly earlier 
date. After a period of great prosperity at the begin- 
ning of the century, America, with most of the civilized 
world, fell into a serious business depression, the “Panic 
of 1907.” Recovery, however, was rapid, for the 
inventive genius which has characterized this century 
was already exerting a powerful influence upon our 
industrial life. During 1908 and 1909 many new steel 
mills were built, and mines and smelters throughout the 
country increased their capacities. The Balkan War in 
1912 disquieted the financiers of the world, and price 
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and production curves for many commodities fell off. 
The disturbance was short-lived, however, for the 
Balkan states soon settled their disputes. 

Financial circles were disturbed again when the 
World War began, and the curve representing the 
composite prices of metals and metal products shows a 
drop of over ten percent. (This drop, and subsequent 
fluctuations, are shown in Figure 1.*) Soon however, 
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FIGURE 1.—THE PRICES OF METALS 


Index Numbers. 1913 Prices Taken as 100. 


Europe began to call for armaments and munitions in 
unheard-of quantities, and later for food and clothing 
and the other commodities that she needed. American 
production could not keep up with these demands, and 
prices went skyward. Shortly after the United States 
entered the war, the government undertook a price 
regulation program, attempting to keep prices as low 
as possible without depriving the producers of their 
legitimate profit. This policy resulted in enormous 
price reductions in many fields. 

The end of the war, like its beginning, upset the 
trade and financial systems of the world with a conse- 
quent lowering of prices. Balance was not easily 
achieved again—a year of low prices and low production 
was followed by a year of great prosperity, which in 
turn was followed by fifteen months of deep depression. 
The world sighed with relief when this period of fluctu- 
ation ended, for it was generally thought that the worst 
of the problems that the war had left us had been 
solved. For a time this optimism seemed justified— 
the years 1922-28 were marked, in the United States 
at least, by expanding production, and by a gradual 
and steady increase in prosperity. This condition, 
unfortunately, was not world wide; throughout the 
whole period the governments of Europe were struggling 
with economic problems of the gravest sort. Finally 
the United States fell into the mire with them. The 
collapse of the market in 1929 and the depression which 
followed are too well known to all of us. 

If we superimpose price curves of the individual 
metals upon this general economic trend we find many 
points of divergence. These will stand out clearly if 
we study the metals one by one. 

* The curve showing prices of “‘all metals’? was constructed 
from data published in the Monthly Review of the Department of 
Labor. The curve showing prices of the ‘‘Non-Ferrous Metals” 
was constructed from figures given by Engineering and Mining 


Journal, recalculated to the 1913 basis. Prices are plotted at 
two-month intervals. 
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IRON AND STEELT 


In 1929 the United States consumed nearly fifty 
million tons of iron and steel—almost a half ton for 
every inhabitant. This large consumption is due 
partly to the very wide range of properties which iron 
exhibits, but mostly to the fact that it is by far the 
cheapest metal known. (Pig iron is usually a little less 
than one cent a pound; steel, on the average, about 
twice as much.) The wide range of uses, the enormous 
tonnages, and the low price give the iron and steel 
market a stability that is not possessed by the markets 
of the other metals. This is clearly shown by a com- 
parison of the curve representing the price of pig‘ iron 
(Figure 2**) with that representing the prices of the non- 
ferrous metals (Figure 1). The curves of comparative 
prices shown in Figure 1 represent averages which are 
weighted according to the consumption of the individual 
metals. The economic importance of iron as compared 
with that of the other metals may be seen by comparing 
the curves in these two figures. 

It is often said that the iron and steel market is an 
accurate barometer of general business conditions. 
Whether this be true or not, it is true that many politi- 
cal, economic, and social changes are reflected in the 
price curves of iron and steel. (The price curves for 
these two metals are almost exactly parallel, so we have 
recorded in Figure 2 only the curve for pig iron.) 
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FIGURE 2.—THE PRICE OF Pic IRON 


The slight downward trend in 1911 is to be ascribed 
to the overoptimistic expansion and production of the 
preceding two years. When the surplus stocks from 
this overproduction had been sold, the price turned 
upward and pursued its rising course until the middle of 
1913, when a Democratic Congress lowered the tariff 
wall. With the market thus thrown open to foreign 
competition American producers at once lowered their 
prices. The outbreak of the war in Europe upset 
business and interrupted production all over the 
world—this is reflected very definitely in the price of 
iron. It is somewhat surprising to notice that the 
period of falling prices continued for seven or eight 

+ Much of the information contained in this paper is discussed 
at greater length in “‘The Mineral Industry’—Volumes 19-39 
(McGraw-Hill Book Co., New York). Statements concern- 
ing production and consumption of metals, prices, and metal- 
lurgical developments, to which no definite references are given, 
can be verified by perusal of these volumes. 

** Data from Engineering and Mining Journal. Inthisand all 
of the following curves (except those of Figures 4 and 6) prices 


are recorded at six-month intervals, the points on the curves 
representing prices in March and September of each year. 
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months. It was not until late in the spring of 1915 that 
confidence returned and buying was resumed. Shortly 
afterward orders began to come in from Europe, and 
prices of all commodities rose with breath-taking speed, 
the price of iron and steel nearly trebling in eighteen 
months. The rise might have continued much farther 
had not the War Industries Board adjusted the price 
to a more reasonable level. The gradual downward 
trend as the war neared its close, and the more rapid 
decline through 1919 were characteristic of most com- 
modities. There followed another skyrocket ascent 
which, however, does not represent a big demand for 
steel, but rather difficulties in its production and 
delivery due to serious strikes among the coal miners 
and railway switchmen. 

Political unrest in many parts of the world, labor 
troubles, heavy taxes, and many other factors upset the 
business affairs of the world throughout this whole 
period, and it is not surprising that people soon lost 
confidence and buying almost ceased. In consequence 
of the decrease in consumption many steel mills were 
closed for nearly all of 1921, and prices fell to a very 
low level. That this depression was almost wholly 
psychological is demonstrated by the rapid recovery 
which was made early in 1922. Thereafter, for several 
months, the steel industry was kept at full production— 
more iron and steel were produced than in any like 
period, even in war times. Automobile manufacturers, 
particularly, were heavy buyers. Then, suddenly and 
without apparent reason, people became frightened 
and the incipient boom ended 

Confidence was apparently restored by the outcome 
of the 1924 elections, for buying immediately increased 
and prices rose slightly. The downward trend in the 
price curve for the following years was the result of 
keen competition in the industry and of efficient 
management. As prosperity increased steadily the 
steel mills finally were pushed to capacity and prices 
rose a little. The present depression and the decrease 
of buying that accompany it are clearly reflected in 
the downward trend throughout the last three years. 


COPPER 


While the mining, smelting, and refining of copper 
have for many years been on a most efficient basis, the 
marketing of the metal has been highly disorganized, 
and the price has been much less stable than that of 
most of the metals.' The chief factors which have 
contributed to this have been the willingness of some of 
the minor producers to cut prices frequently, and 
speculation in copper in the London market. The 
fluctuations in price have usually followed each other 
with such rapidity that they do not appear in the price 
curves for copper (Figures 3 and 4);* they have 
nevertheless exerted a profound influence upon the 
development of the copper industry. Another signifi- 
cant feature in the development of the industry has 





1 Parsons, Mineral Industry, 36, 117 (1928). ‘ 
* Data for these and following curves from Chemical and Meial- 
lurgical Engineering. 
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FIGURE 3.—THE PRICES OF COPPER AND ZINC 


arisen from the fact that the copper producers of the 
United States (producing about two-thirds of the 
world’s supply) have made Herculean attempts to 
better their lot by demanding a tariff on imports of 
copper. The history of the copper industry is therefore 
a story of lobbying and political wrangling, as well as one 
of industrial and economic development. The present 
paper is not so much concerned with these political 
battles, however, as it is with the other factors which 
have determined the price of copper. 

The price curve for copper for the years 1911-18 
shows no new features. The decreases in price due to 
the Balkan War and the outbreak of the European War, 
and the subsequent upward swing are much like those 
discussed in the case of iron. As in the case of iron, 
the sudden drop is due to the setting of a fixed price by 
the War Industries Board—an adjustment that brought 
bitter protest from the copper producers, who were 
unanimous in the opinion that the copper industry was 
penalized more severely than the other industries in 
which the government was regulating prices. 

The War Industries Board was of the opinion that 
when peace came, Europe would immediately call for 
metals to begin her task of rebuilding, and American 
industries, long curtailed, would clamor for materials. 
On November 15, 1918, therefore, the Board ruled that 
all copper mines, smelters, and refineries should con- 
tinue production at the rate which then existed, and 
that the wages they paid and the prices they asked 
should not be changed. The error of this plan soon 
became evident. American industries refused to buy 
until the price should fall and Europe not only did not 
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enter the market to buy but offered for sale large stocks 
of copper, both new and salvaged. By the time the 
War Industries Board was convinced of its mistake, 
American smelters had stacked into their yards and 
warehouses nearly half a million tons of the metal— 
considerably more than the entire world produced in 
1900. 

To add to this trouble of the copper producer, labor 
and the railroads embroiled him in constant difficulties, 
and exportation of the metal was almost impossible due 
to the poor rate of exchange and the salvaging of 
European war stocks. Walter Harvey Weed, writing in 
“The Mineral Industry during 1921,’ says, ““The year 
1921 was the worst that the copper industry has ever 
had or probably ever will have.’’ This same year did 
offer one redeeming feature, however—the passage of 
the Pittman Act, which gave the copper producers a 
chance to make a profit on their by-product, silver. 
While this offered them some relief it simply enhanced 
the worst of their troubles—overproduction. 

The year 1923 saw the copper industry making good 
recovery, but still weighed down by the specter of 
overproduction. The rapid growth of the copper 
industry in Chile and Peru alarmed many of the pro- 
ducers in the United States, and they made insistent 
pleas to Congress to protect them by imposing a tariff 
on imported copper. It soon became evident, however, 
that a tariff was not needed, for the rapid rise of the 
radio industry and expansion in the automobile and 
building trades caused a rise in the price of copper and 
enabled the domestic producers to increase the output 
of their plants. 

Encouraged by this turn of affairs, the copper pro- 
ducers again made an attempt to stabilize the marketing 
of the metal. This attempt was made through the 
founding of two organizations, the Copper Institute, 
intended to aid the industry here in the United States, 
and Copper Exporters, Inc., which included all the 
large producers of the world and took the whole world 
for its field. For a time these organizations were quite 
successful, but the present business depression brought 
trouble that even organization has not been able to 
overcome. 

In April, 1929, Copper Exporters, Inc., set a price of 
18.3 cents a pound on copper* apparently hoping to 
stabilize the market at this price. Users of the metal 
complained bitterly at this policy, and when the price 
of copper was not lowered, they began to look for sub- 
stitutes for the metal. Stocks of unsold copper grew 
larger day by day, and amounted to over half a million 
tons before the price-pegging policy had been in effect 
a year. In April, 1930, the plan was abandoned, and 
the price of copper dropped four cents over night. 
In spite of almost constant efforts to curtail production, 
since that time stocks of copper have grown larger and 
larger and the price has gone lower and lower. 





2 WEED, Mineral Industry, 30, 146 (1922). 

3 Ibid., 38, 117 (1930). 

4 Jbid., 38, 118-21 (1930); Eng. Mining Journal, 127, 897 
(June, 1929); Mining Journal, 167, 972 (Dec., 1929), etc. 
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Two other events of importance to the copper indus- 
try should be noted. The first of these was the dis- 
covery, in 1928, that the Frood nickel mine, in Canada, 
contained much more copper ore than had previously 
been thought. It is said that this mine will develop 
into one of the largest producers of copper in the world. 
The other important event was the opening in 1929 of a 
railroad from the West coast of Africa to the heart of 
Katanga,> where large deposits of copper ore were 
already being worked. These deposits are fully five 
times as rich as any that we have in the United States, 
and lie so close to the surface that they are worked by 
open-cut mining. While most of the copper industry 
was frantically trying to curtail production, these 
African mines steadily increased the extent of their 
operations. To the American producer this seemed the 
last straw—in his agony he again begged the govern- 
ment for a tariff, and the government, desperately 
trying to balance the budget, placed a levy of four 
cents a pound on imported copper. Foreign copper 
producers, feeling little inclination to share their 
markets with the Americans under these conditions, 
immediately withdrew from Copper Exporters, Inc.® 

We cannot predict the future of the copper industry. 
Our mines and smelters produce more copper than we 
need, and unless new uses are found for the metal the 
industry can never again reach the prosperous heights 
it once held. Considering the fact that aluminum is 
rapidly displacing copper in the transmission of electric 
power, the prospect is none too bright. 


ZINC 
The price curve for zinc (Figure 3) differs markedly 


from the curves for copper and iron in that it shows no 
depression of price in 1914. The reason for this is 
found in the fact that all of the important zinc smelters 
of the world, except those in the United States, were in 
the war zone. The enforced closing of these plants and 
Europe’s urgent need for zinc much more than offset 
any tendency to lower prices. It is interesting to note 
that while the price of zinc increased enormously, the 
period of high prices ended very quickly. American 
smelters increased their capacities as rapidly as possible 
and were soon able to reduce not only the record- 
breaking output of the American mines, but also huge 
quantities of imported ore. 

The close of the war found American zinc producers 
and most of the European governments in possession of 
large stocks of zinc, and the docks in Australia piled 
high with ore. (Australians mine zinc, but do not 
smelt it.) Soon after, the European smelters resumed 
operations and large deposits of zinc ore in Africa were 
opened for exploitation. Were it not for the ever- 
expanding use of zinc, these factors might have caused 
the utter demoralization of the zinc market. 

An event of great importance to the zinc industry 
was the founding in 1919 of the American Zinc Insti- 
tute—an organization of those interested in the mining 


5 Fortune, 6, 31 (Sept., 1931). 
6 Time, 20, 36 (July 11, 1932). 
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and smelting of zinc, and the manufacture of zinc 
products. The primary purpose of this organization is 
to extend the use of zinc through advertising and 
educational campaigns. Excellent progress in this 
direction has been made. 

Improvements in the metallurgy of zinc during the 
past decade have been significant. The old and 
wasteful retort process has been meeting powerful 
competition from the electrolytic process. The latter 
process is almost universally used in the Western 
states, and recently electrolytic plants have been built 
to handle ore from the Joplin district. Developments 
in selective flotation (which was introduced in 1921 and 
became important three or four years later) have been 
tremendous, and have made possible the use of complex 
lead-zinc ores that were previously discarded. The 
effect of these metallurgical developments has been 
reflected in the prices of both lead and zinc. 


TIN 


The tin industry is not an American industry. 
Practically the only sources of supply are the Malay 
Peninsula, the Dutch East Indies, Nigeria, and Bo- 
livia. The management of the tin market is largely in 
the hands of London financiers. Fluctuations in the 
price of tin, therefore, represent economic and political 
changes abroad rather than here at home. A glance at 
the price curve for tin (Figure 5) will show how widely 
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it differs from those of the other metals that we have 
considered. 

Tin is not an abundant metal—in fact, it has been 
estimated that at the present rate of consumption the 
ore bodies now known will be exhausted within a 
decade. In the light of this fact it is extremely sur- 
prising to find the price of tin falling rapidly. What 
we can substitute for tin when the necessity arises, and 
what will become of the people who have made their 
living mining tin ores, is a matter of conjecture. 

Attempts to curtail the production of tin (both to 
conserve the supply and to elevate the price) have not 
been lacking. But the tin industry, unlike most large 
industries, is not controlled by a few powerful concerns; 
it is owned by a vast number of small operators, and 
thes: owners are at the far corners of the globe. The 
difficulties of obtaining agreements to restrict produc- 
tion are obvious. 

There is not much to say about the price of tin 
between the years 1911 and 1917. The violent fluctua- 
tions in price were due largely to the fact that there was 
much speculation in the tin market, and the stress of 
wartime conditions produced drastic and sudden 
changes in the industry. 
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Throughout the last year of the war and for some 
time following prices of tin were suppressed by the 
British government. This led to intense speculation 
and to attempts on the part of many financiers to gain 
control of the tin industry. It is not surprising that a 
period of such instability should be followed by dis- 
aster—the tin industry of Malaya would certainly have 
been wrecked during this period had not the govern- 
ment of the Federated Malay States given it financial 
assistance. Even as it was, 1920 and 1921 were most 
disastrous to the mine owners and even more so to the 
miners, most of whom were totally uneducated and 
could make no protest when they were faced with wage 
cuts and mine closures. 

The unfortunate events of this period convinced the 
governments of the tin-producing countries that some 
regulation of the industry was essential. Agreements 
were entered into to regulate the production of tin; 
coincident with these developments the demand for the 
metal in Europe and America began to increase. Asa 
consequence prices rose rapidly. In 1927, however, 
production again exceeded consumption and the price 
curve turned downward. In spite of rapidly falling 
prices, production has remained ahead of consumption 
since that time. But the tin industry is becoming 
more consolidated and during the last two years much 
progress has been made toward a solution of the problem 
of overproduction. The important tin producers and 
their governments have appointed an international 
committee, and through it are now exerting every effort 
to cut production below the present level of consump- 
tion. 

MAGNESIUM 


Magnesium is the newest of the industrial metals. 
It was produced in Europe in small quantities for 
several years before the war, but the first American 
magnesium appeared upon the market in 1915. Euro- 
pean producers had been able to sell it for a dollar and 
a half a pound, but the American producers, scarcely 
out of the laboratory stage, felt justified in asking six 
dollars a pound. (The very first domestic magnesium 
brought ten dollars.7) Wartime demands (for ex- 
plosives, star shells, and light alloys) took all the mag- 
nesium they could produce, even at such prices. 

Throughout the succeeding years research on mag- 
nesium has gone steadily forward, and improvements 
in its metallurgy and fabrication and the developments 
of new uses for it have revolutionized the industry. 
As a consequence the price of magnesium has declined 
steadily (Figure 6*), and the demand for it has grown 
almost unbelievably. 

It is interesting to note that the tariff on imported 
magnesium is forty cents a pound, which is ten cents 
higher than the present market price. It is apparent 
that such a heavy tariff is not necessary; it is also 


7 Grosvenor, Trans. Am. Electrochem. Soc., 29, 521 (April, 
1916). 

* For the interval 1911 to 1924, yearly prices are given. The 
remainder of the curve is constructed in the same manner as the 
other price curves. 
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apparent that the American producers are not abusing 
the protection which the government has given them. 
The constant decline in price is not due to competition 
in the industry, for there is only one plant in the country 
producing it; it is due entirely to the strong desire of 
the producers to extend the use of magnesium as far as 
possible. 

While there is no competition within the industry 
itself, magnesium does meet severe competition from 
aluminum. Weight for weight, aluminum is still the 
cheaper of the two, but on the basis of volume, mag- 
nesium is now cheaper than aluminum. It must be 
remembered, however, that the aluminum industry is 
much better established than the magnesium industry, 
and the price of aluminum can certainly be lowered 
when competition from magnesium begins to decrease 
the demand. 


ALUMINUM AND NICKEL 


It is well to include aluminum and nickel under the 
same heading, for while they are quite unrelated chemi- 
cally, they have much in common from an economic 
point of view. Both have become important metals 
from an industrial point of view within the present 
century and have grown in usefulness and favor side by 
side. The expansion of both was greatly stimulated by 
the war and later promoted by advertising campaigns 
and by research. Both the aluminum industry and the 
nickel industry now have their largest producing units 
in Canada, with lesser plants in the United States. 
Finally, and most important, both industries approach 
the monopolistic. 

Monopoly control has many disadvantages, but there 
is something to be said in its favor also. If several 
companies are engaged in producing the same com- 


modity, there is very little incentive for any one of them | 


to attempt to advance the interests of the industry as a 
whole. Any advantage which is gained will be shared 
by all of the producers in the industry, whether they have 
assisted in the advance or not. There is no doubt that 
the aluminum industry and the nickel industry have 
developed much more rapidly under monopolistic 
control than they could have in any other way. The 
founding of a large research laboratory in 1919 by the 
Aluminum Company of America is a case in point. 
This laboratory has worked out many improvements in 
the metallurgy of aluminum and the countless new uses 
that it has suggested for the metal have been of in- 
estimable value, not only to the Aluminum Company 
but to the American people as well. 
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The year 1911 found the aluminum industry of 
America in a prosperous condition. The largest and 
strongest of the companies was rapidly absorbing all of 
the others, and was engaged in making agreements with 
foreign producers to stabilize the price of aluminum, 
at the same time being protected from foreign compe- 
tition by a tariff of three cents a pound on imports. 
The fluctuations in price during the years 1911-1915 
(Figure 7) were due to the variable demand for the 
metal, which was not as well established in those days 
as it is now. Throughout the war years, the quoted 
price of aluminum was extremely high—the Aluminum 
Company of America was willing to sell to its regular 
customers and to the government, however, for about 
half the quoted price, so that, while much aluminum 
was sold for fifty and sixty cents a pound, much was 
also sold for thirty. Even this figure was probably far 
above the production cost.® 

Aluminum production suffered heavily in the de- 
pression of 1921 and the price of the metal finally sank 
to pre-war levels. This condition did not last long, 
for the depression was of short duration, and the 
revival of buying carried the price upward again. 
This upward swing was aided somewhat, perhaps, by 
the passage of the Fordney-McCumber Tariff Act of 
1922, which raised the levy on imports to five cents a 
pound. 

During the next few years the growth of the auto- 
mobile and aircraft industries, and the ever-increasing 
demand for aluminum for the transmission of electric 
power, caused a rapid growth in the aluminum industry. 
The increased demand and the effect of changing eco- 
nomic conditions, have not, however, been reflected in 
the price curve, except that the lowering of the tariff 
to four cents in 1930 brought about a decrease in the 
price of one cent per pound. 

A significant development of the last few years is seen 
in the desire of many nations to become independent 
in the matter of aluminum supply. But the center of 
the aluminum industry still remains, and probably 
always will remain, in North America. In 1930 the 
world produced 245,000 tons of aluminum, of which 
127,000 tons were produced by the plants of the Alumi- 
num Company of America in the United States and 
Canada. There is now under construction a new 
Canadian plant, which it is estimated will more than 
double the world’s production. 

The nickel industry, like the aluminum industry, is 
essentially in the hands of a single company—The 
International Nickel Company of Canada. The de- 
velopment of the two industries has taken place in very 
different ways, however. The Aluminum Company of 
America has been able to keep its advantageous position 
only with difficulty—it has had to purchase enormous 
and widely scattered ore deposits, and has had to buy 
out or absorb competing companies as fast as they 
were formed. ; 

In the nickel industry, on the other hand, there can 
be no competition, for practically all of the nickel ore in 

8 Ricwarps, Mineral Industry, 25, 35 (1917). 
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the world belongs to one company—The International 
Nickel Company of Canada. This organization at 
present supplies about 90 per cent. of the world’s nickel 
from its Canadian mines, the remainder coming largely 
from New Caledonia. The United States produces a 
very small amount of nickel, most of it being obtained 
as a by-product in the refining of copper. Large 
deposits of nickel ore, now unknown, may some day be 
discovered—when this happens, but not before, com- 
petition may arise. 

The curve of Figure 7 demonstrates the nature of the 
nickel market. It can be seen there that the price of 














1919 1921 1923 1925 1927 1929 1931 19382 


1911 1013 1915' 1917 
FiGuRE 7.—THE PRICES OF ALUMINUM AND NICKEL 


nickel does not fluctuate with changing business 
conditions in the same way that the prices of most 
metals do, and that minor charges in economic condi- 
tions are not reflected in the price curve of nickel 
at all. 

The beginning of the war disturbed the nickel indus- 
try greatly, and caused a decline in the price of the 
metal. But since nickel steel is one of the best ma- 
terials known for making armor plate, the continuance 
of the war brought great expansion to the nickel indus- 
try. It also brought very strict government sur- 
veillance. 

The enormous importance of nickel in warfare can be 
inferred from the fact that the German submarine 
“Deutschland” braved the allied blockade and reached 
the United States in 1916 to carry back to Germany in 
her cargo a shipment of nickel. This event created a 
great stir in Canada, for it was naturally supposed that 
this was Canadian nickel, which had found its way into 
the hands of the enemy. Although the Canadian 
Minister of Mines determined that this was not the 
case, the belief lingered in many minds. Even before 
this time there had been a strong feeling in Canada that 
the nickel industry—smelters, refineries, and all— 
should be kept entirely in Canada. This feeling was, 
of course, increased by the submarine shipment, and the 
International Nickel Company was finally forced to 
move its refinery from New Jersey to Ontario. 

The end of the war left the nickel industry with 
enormous production facilities and little market. 
This forced a decline in price from fifty-five cents a 
pound to twenty-five cents, the most rapid decline 
taking place coincident with the meeting of the Wash- 
ington Conference on the Limitation of Navies in 1923. 
Soon after this the nickel producers undertook an 
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educational and advertising campaign to extend the 
peace-time uses of nickel and its alloys. This campaign 
was very successful, and demand for the metal rapidly 
increased. As the popularity of nickel grew, the price 
was gradually raised until it reached thirty-five cents 
a pound. This price has been maintained, almost 
without interruption, for the past six years. 

Nickel ore, like most other ores, is not pure. The 
ore which is used most at the present time contains 
about half as much copper as it does nickel, as well as 
small amounts of other metals. If this ore is reduced 
without separation of the metals, the well-known alloy 
Monel metal is obtained. This peculiar method of 
preparation makes the price of Monel metal almost 
independent of the prices of the constituent metals, 
and it is interesting to note that three years ago the 
price of Monel metal was about a cent a pound less 
than the weighted average of the prices of the metals 
which compose it; today it is nearly three cents higher. 


LEAD 


Lead is produced in many parts of the country from a 
variety of ores and by a variety of different processes. 
The metal and its compounds are used in large amounts 
by many different industries. Fluctuations in the 
price of lead, therefore, follow the trend of general 
business conditions fairly closely. 

The curve in Figure 8 shows that the price of lead 
dropped sharply in 1913. This was due to a decrease in 
the tariff in imports from 70 per cent. to 25 per cent. 
The disturbance in price due to the outbreak of the war 
followed this one closely and was indistinguishable 
from it. Due to great expansion in the smelter ca- 
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pacity of the lead industry throughout the years im- 
mediately preceding the war, production actually 
exceeded demand for some time after the war started, 
and the price remained low. Later it rose sharply to a 
very high level and then, through codperation of the 
producers and the government, was adjusted at a 
more reasonable level. Throughout 1919 the lead 
industry suffered competition, as did some of the other 
metal industries, from governments which wished to 
dispose of their stocks of unused war material. 

The general business depression of 1921 is clearly 
reflected in the price curve for lead. It will be noticed 
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that the price of lead did not rise nearly as quickly after 
this depression as did the prices of the other metals. 
This was not due to any great lack of demand for the 
metal, but to overproduction stimulated by the passage 
of the Pittman Act, the primary object of which was to 
enhance the value of one of the by-products of the lead 
industry—silver. 

The price of lead fluctuated rapidly during the next 
few years due to changes in the tariff, variations in the 
prices of silver and zinc, political upheavals in Mexico 
(an important lead-producing country), improvements 
in metallurgy, seasonal variation in demand, and other 
factors. The general trend was upward until 1925; 
since that time it has been downward. 

The introduction of the process of selective flotation 
has produced great changes in the lead industry within 
the last six years. Ores that previously were discarded 
are now used, and efficient production has become 
possible in fields where it was not possible before. On 
this account, the world production of lead has in- 
creased rapidly, and the price has fallen still more 
rapidly. This is unfortunate in some respects, for the 
known supplies of lead ore are becoming alarmingly 
small. 

SILVER 


As an industrial metal silver does not occupy an 
impressive position; we do not build machinery or 
be*’ ups or bridges of it; it is no better than the 
ch metals for roofing or doorknobs or sewer pipes. 
Whe.: ‘ve are dealing with iron or copper or lead, we 
think in terms of tons; when we consider aluminum or 
nickel, we think of pounds; when we talk of silver, we 
think of ounces. And yet no review of the metal 
market can be complete without a discussion of the price 
of silver, for it has always occupied, and still does 
occupy, an important place in the monetary system of 
the world. 

Most nations use silver for subsidiary coins only, 
gold being the ultimate standard. But China and 
India, and a few smaller countries, use silver as the 
standard, and exports from those countries are largely 
paid for in silver. (Since 1926 India has officially been 
on the gold standard, but the people still think and deal 
in terms of silver.) 

If the silver standard countries traded only among 
themselves and the gold standard countries among 
themselves, or if the two standards bore some fixed 
relationship to each other, the existence of two different 
standards would cause no trouble. But neither of 
these conditions can be fulfilled—the trade of India and 
China becomes more important to the world as time 
goes on, and the value of silver in terms of gold fluctu- 
ates from day to day and from year to year. An 
analogy may show the effect of this situation. The 
world uses two systems of weights, the metric system 
and the English system. This is not a convenient 
arrangement, but it is tolerable because there is a fixed 
relation between the two systems; thus one pound 
equals 0.45359 kilogram. By a simple calculation we 
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can convert weights of one system into those of the 
other system. But suppose that the ratio changed 
frequently—that each day the New York Stock Ex- 
change cabled to Paris a new value for the pound. 
Today it might equal half a kilogram—a year from 
today it might be a tenth of a kilogram. A merchant 
shipping a ton of steel from the United States to Paris 
would not know how much steel he would have when 
the ship reached its destination. The buyer in France 
might report that he had received only eight hundred 
pounds, or perhaps a ton and a half, depending upon 
the ratio of pounds to kilograms that happened to be 
in effect upon the day of receipt. Alice in Wonderland 
nevér saw a more topsy-turvy world than this would be 
if we tried to adopt any such system. 

But, topsy-turvy or not, it is almost exactly the 
system that we use. The only difference is that, in- 
stead of changing the amount of material in our unit 
(i. e., the size of the pound), we change the value of a 
pound of the material which we offer or receive in 
payment. It is the existence of this strange system 
that makes changes in the value of silver so important. 

The production of silver is not stimulated to any 
great extent by raising the price of silver; neither is it 
retarded by lowering the price. This paradox is ex- 
plained by another: only one-fourth of the world’s 
silver comes from silver mines. Silver is almost 
entirely a by-product of the metallurgy of other metals. 
If selective flotation, or some other factor, stimulates 
the production of lead, the production of silver auto- 
matically rises, whether there be any demand for it or 
not. The silver must be mined, and it must be removed 
from the metals with which it occurs—they do not find 
ready sale until they have been desilverized. 

Three-fourths of the world’s silver goes to India and 
China in return for materials which these countries 
export to the rest of the world. The influence of inter- 
national commerce on the price of silver is therefore 
most pronounced. The Indian government imported 
a great deal of silver in 1912, but very little in the three 
years that followed. The drop in price which ac- 
companied this cessation of buying was largely offset 
in 1915 by a decrease in the output of silver in Mexico 
(due to civil war in that country), a large increase in the 
insurance rates on overseas shipments of silver (due to 
submarine warfare), and other factors. 

Due to enormously increased demand the price of 
silver almost trebled within the next four and a half 
years. Europe, unable to supply her own food, im- 
ported heavily from India and China, making payment 
largely in silver. The troops in Mesopotamia and 
Africa demanded payment in silver. Many of the 
European countries adopted the plan of using silver 
instead of gold for currency, reserving the gold to 
stabilize government bonds. Beside these major 
price-lifting influences, there were many others, such 
as the continual unrest in Mexico and the curtailed 
production of many mines due to the influenza epi- 
demic in 1918. 

When the price of silver is high the value of the metal 
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in a silver coin may exceed the face value of the coin. 
This condition arose in 1917, and the Indian people, 
always lovers of silver jewelry and ornaments, were 
quick to realize that it was cheaper to melt silver coins 
than it was to buy bullion. In spite of laws prohibiting 
the practice, enormous quantities of Indian currency 
were cast into bracelets and other ornaments. The 
Indian mint found it impossible to buy enough silver to 
maintain the currency, even though the British govern- 
ment was supplying silver as fast as it could possibly 
be obtained. The mints of other governments were 
troubled in the same way, but to a lesser extent. The 
hoarding of silver throughout this period of high prices 
was so great that a serious shortage of coin became 
evident. Indeed, there was a time that Parisian 
tradesmen used transparent envelopes containing 
postage stamps in making change. 

The United States government undertook the task of 
relieving this world shortage of silver by the sacrifice of 
three hundred and fifty million silver dollars. This was 
authorized by the Pittman Act which became law on 
April 23, 1918. Unlike the people of the Orient, the 
people of the United States prefer paper money to 
silver. The government has, therefore, kept most of 
its silver dollars in the mint, issuing a ‘‘silver certificate” 
to represent each one. According to the provisions of 
the Pittman Act, three hundred and fifty million of 
these “‘silver certificates’ were to be recalled and the 
silver dollars which they represented were to be melted 
and sold as bullion. In order to prevent a currency 
shortage, the Federal Reserve Bank was to issue ‘‘bank 
notes” to the extent of $350,000,000. Finally, in order 
to avoid a permanent disruption of our currency sys- 
tem, the mint was authorized to replace the silver which 
it had sold as soon as opportunity offered, payment for 
the new silver to be made at the rate of one dollar per 
ounce. It was stipulated that all such purchases made 
by the mint must be of domestic silver. 

The release of this enormous amount of silver from 
the United States Mint did much to stabilize the price 
of silver. The mint, of course, refrained from buying 
until the price fell to a dollar an ounce; thereafter, 
its purchases of enormous quantities of the metal at an 
artificially high price stimulated not only the production 
of silver, but the production of copper, lead, and zinc 
as well. From June 6, 1920, when purchases under the 
Pittman Act began, until May 29, 1923, when they 
ceased, there were two quoted prices for silver—one for 
domestic metal, and another for foreign. It is obvious 
that these purchases under the Pittman Act cost the 
United States government many millions of dollars. 

Previous to 1920, the silver coins of almost all nations 
contained 92.5 per cent. silver. With the price of 
silver so high, however, many governments felt that 
they could not afford to use such an expensive alloy. 
Some called in their silver coins and reminted them, 
using a 50 per cent. alloy; others entirely abandoned 
the use of silver in the smaller coins, substituting nickel 
for it. This greatly diminished the demand for silver, 
and the continuance of the practice has been an im- 
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portant factor in the depression of the price of silver 
throughout the last few years. 

The influences which elevated the price of silver 
finally became inoperative—Europe again produced 
her own food,.and imports from India and China fell off; 
Mexico reéstablished civil government, and her pro- 
duction of silver increased markedly. The decline in 
price which resulted was aided by a governmental 
campaign to educate the people of India to the use of 
paper money. 

The market was sustained somewhat throughout 
1924 and 1925 by the decision of several of the European 
governments to go back to the plan of using silver for 
their small coinage, with the hope that it would sta- 
bilize their paper money. On the other hand, the use 
of silver coins in the United States decreased throughout 
these years—the forty million dollars coined by the 
United States Mint in 1925 were quite unpopular and 
were kept in circulation with considerable difficulty. 

In 1926 India adopted the gold standard. The 
Indian people will continue to use silver coins, of course, 
but the abandonment of the silver standard decreased 
the Indian demand for silver greatly; it also increased 
the supply, for the Indian mint had large stocks of 
silver which it wished to replace with gold. China 
thus became the world’s outlet for silver. And China, 
in the last few years, has not been able to absorb any 
more silver. Famine and pestilence have decreased 
Chinese exports tremendously, and civil war has 
rendered money so unsafe that many foreigners have 
shipped their silver out of China. 

The great decline in the price of silver due to this 
combination of circumstances makes it evident that 
silver is no longer a suitable standard of value. The 
Chinese government has therefore taken steps to adopt 
the gold standard as soon as conditions become stable 
enough to permit such a change. When this is done, 
the price of silver will probably decline still further. 

Silver has other uses than the manufacture of cur- 
rency, of course, but they are minor factors in deter- 
mining the price of the metal. The most important of 
these uses is the manufacture of silver jewelry, cutlery, 
and dishes. The desire for articles of silver does not 
depend primarily upon the beauty of the metal, but 
upon its costliness. It is interesting to note that ster- 
ling silver rings can now be purchased at many ten 
cent stores—and the demand is very light. Perhaps 
the use of silver for ornaments, like its use as a standard 
of value, is doomed. 

The photographic industry will always furnish an 
outlet for silver, but cannot possibly use all that the 
world produces. Several applications in architectural 
decoration and in the manufacture of chemical engi- 
neering machinery have been suggested, and a few 
installations have actually been made.°® Silver is the 
best conductor of heat and electricity that we know, 
and in luster it is almost without rival. Perhaps these 
properties will sometime suggest uses that will again 
make silver an important metal. 

9 McDonaLp, Chem. & Ind., 50, 168-78 (Feb. 27, 1931). 
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LTHOUGH the periodically alternating passivity 
A and activity of iron which is the anode of a 

sulfuric acid cell has been known for many 
years (1), the authors had difficulty in finding in the 
literature an entirely trustworthy experimental ar- 
rangement for demonstration of this phenomenon. 
A satisfactory apparatus has been constructed by 
adaptation and modification of former cells (2). 

A 100-cc. beaker is used in constructing the cell, 
and in this is placed a cathode consisting of a piece 
of platinum gauze or foil 1 cm. X 2 cm., fastened to a 
platinum wire which is sealed into the end of a glass 
tube filled with mercury and provided with a lead-in 
wire. The anode is a loop of electrolytic standardizing 
iron wire consisting of fifteen strands of wire; the loop 
is 4 cm. long. To support the anode and to provide 
electrical connection a copper wire with the end bent 
into a hook is pushed through a glass tube and the 
loop of iron wire is pulled back into the tube just far 
enough to secure it. The electrolyte is sulfuric acid 
of specific gravity 1.185 (81 cc. of c.p. acid made up 
with distilled water to 500 cc.). The cell is also 
equipped with a thermometer. 

The electrical arrangement, as shown in the figure, 


| 
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consists of a 110-volt source of direct current con- 
nected through a rheostat, R, of 45 ohms resistance 
and 5 amperes current capacity, and a key to the termi- 
nals of a voltmeter, V, of 10 volts range. Across the 
terminals of the voltmeter are connected, first, the 
cell in series with an ammeter, A, reading to 1 am- 
pere, and, second, a resistance of 0.7 ohm, made of 
resistance wire, W. Care must be taken that the 
iron electrode is the anode of the cell. 

To start the periods the key switch is closed with 
the iron removed from the cell, and the rheostat R 
is adjusted so that the voltmeter reads 2 volts. The 
switch is then opened, and the iron is dipped into the 























acid slightly. The switch is now closed and the cur- 
rent through the ammeter is adjusted to 1 ampere 
by varying the depth of immersion of the anode and 
its distance from the cathode. 

After a short interval the current through the cell 
decreases gradually and somewhat irregularly and 
reaches a minimum, constant value in a few seconds. 
The passivity persists for some time, after which the 
iron becomes active rapidly and the current through 
the cell simultaneously rises to its earlier, high value. 
The iron remains active for a short time (much 
shorter than the duration of the passive phase), and the 
cycle of changes just described is repeated periodically. 

The experiments of earlier workers (3), and our own 
experience have shown that not all kinds of iron are 
capable of showing the phenomenon and that the oc- 
currence of the periodicity and the length of the periods 
depend especially on (a) the current density, (b) the 
concentration of the acid, and (c) the temperature. 
With the conditions described above and a tempera- 
ture of 20°C. the average period is about 20 seconds. 

If it is desired to elaborate the demonstration, an 
interesting addition is to show the periodic rate of 
evolution of gas from the cell (4), corresponding to the 
periodic current through the cell. In this case the 
electrical arrangement is the same, but the cell is made 
with an air-tight flask, the only outlet being through 
a tube which branches outside the flask, one branch 
leading to a capillary tube and the other to an open 
arm manometer of small bore filled with colored water. 
An image of the manometer arm may be projected 
onto a screen, where the colored line will advance and 
retreat in phase with the movements of the ammeter 
needle. 
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MICRO-DENSITY DETERMINATION 


of SOLIDS and LIQUIDS 


EUGENE W. 





This paper presents a brief review of the present 
methods of micro-density determination of solids and 
liquids and describes some new and novel methods of 
determination. Simplicity of method and apparatus 
without sacrifice of accuracy has been successfully ob- 


tained. 
++ + + + + 


ENSITY is a significant physical property 
D of chemical substances, and is frequently of 

value in scientific investigation and routine 
examination. That the determination of the density 
of materials is a constant and recurrent problem is 
shown by the extensive literature on the subject. 

It is frequently necessary to determine the density 
of small amounts of material too minute to be ex- 
amined by the usual methods. For this reason the 
development of micro-methods of attack is both neces- 
sary and logical. 


I. THE DETERMINATION OF THE DENSITY OF SOLIDS 


Review of Past Methods. The most important 
methods (1) for determining the density of solids are 
six in number: (1) the direct volumetric method; 
(2) by use of the dilatometer; (3) by use of the volu- 
menometer; (4) by use of the pycnometer; (5) by the 
classical method of Archimedes; (6) by the flotation 
method. These methods and their applicability to 
micro-work will be briefly discussed in order. 

The volumetric method involves the determination 
by direct measurement and estimation of the volume 
of a definite weight of the material whose density is 
desired. This method fails when the material under 
measurement departs from a symmetrical or perfect 
geometrical form and in general is of little importance. 
Lunde (2) and Goldschmidt (3) weigh small metal 
beads on the micro-balance and measure the diameter 
of the beads under the microscope. The method is 
not capable of great accuracy. Kahlbaum, Roth, and 
Siedler (4), using a macro sample, determined the 
density of an accurately formed cylinder of pure 
copper by direct measurement. They were not able 
to check results closer than 6 units in the second 
decimal place, an error of approximately 1%, and 
considerably greater than that of more refined methods. 

The dilatometer consists of a glass bulb fitted with a 
long capillary tube. If the bulb be filled with a liquid 
to a point within the capillary then any subsequent 
change of volume of the solution, produced by adding 
a solid object, can be readily ascertained. Since the 
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volume increase of the liquid is equivalent to the 
volume of the solid introduced one needs but weigh 
the solid to complete the data necessary for the calcu- 
lation of its density. 

Andreae (5) determines the density of homogeneous 
solid substances by flotation in a dilatometer. A dense 
liquid (say a mixture of methylene iodide and benzene) 
is adjusted by adding benzene until a fragment of the 
material, about 1 or 2 mm. in diameter, barely floats 
in the liquid. The liquid is placed in a dilatometer, 
and the solid caused to remain stationary in the stem 
of the dilatometer by slightly heating or cooling the 
liquid, till the density of the solid is exactly matched 
with that of the solution. The system must be evacu- 
ated to remove air from the solid. The density of the 
liquid under these conditions is then calculated from 
its weight and the known volume of the dilatometer. 
The method is accurate to 0.0001. By determining the 
density of the material at temperatures 20 to 50° 
apart, the coefficient of cubical expansion of the ma- 
terial can be determined. 

The volumenometer is essentially a graduated tube 
into which is placed the solid whose density is to be 
determined. The apparent increase in volume of the 
liquid is the volume occupied by the solid. By ascer- 
taining the weight of the solid its density can be readily 
calculated. 

Caley (6) has devised a narrow tube volumenometer 
suitable for the rapid estimation of density of small 
amounts of solids. A known weight of substance dis- 
places a measured volume of liquid in a narrow tube. 
The quantity of solid required for a determination 
varies from 0.0500 to 0.3000 g. depending on the density 
of the material. A device in which the weight of the 
liquid displaced by a known weight of solid is readily 
obtained has been recently described by one of the 
present authors (7). 

The pycnometer method involves the weighing of a 
vessel filled with a suitable liquid and a known weight 
of the solid under determination. The vessel is also 
weighed empty and filled with liquid alone; the den- 
sity of the latter must be known or determined by 
weighing the bottle filled with pure water. From these 
weighings the density of the solid can be calculated 
immediately. It is readily apparent that this method 
is of limited application in micro-work. 

In the application of the method of Archimedes the 
solid is usually weighed in air and in water but the 
operation can be carried out in a vacuum and the water 
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replaced by any suitable liquid. Egerton and Lee (8) 
give a full discussion and treatment of errors involved 
in the application of the principle. This method, like 
the preceding one, is of little value in micro-work. 

In the flotation method fragments of the material 
are floated in a heavy liquid which is gradually diluted 
with a lighter liquid until the fragment remains sus- 
pended. The density of the medium is then obtained. 
Modifications of the procedure have been advanced by 
Merwin (9) and Graham (10). 

The Micro Dilatometer. The density of micro- 
quantities of solid materials is readily determined by 
use of the apparatus shown in Figure 1. The capillary 
of the instrument is approximately 1 mim. in internal 
diameter and is extended to a length 
of 15 to 20 cm. to prevent evapora- 
tion of volatile confining liquids. 

The diameter of the capillary 
must be accurately known by pre- 
vious measurement or the instru- 
ment may be calibrated by the in- 
troduction of two or three samples 
of known density. In either case the 
scale of the capillary is calibrated in 
units of volume, 7. e., cubic centi- 
| meters. 

/\ The confining liquid is sealed in 
| the instrument by a layer of mer- 
| | cury. The previously weighed sam- 
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by means of a flexible steel wire 
coiled into a spiral form at one end 
so as to hold the sample in a minia- 
% ture cup. 

Retires The solid may be in more than 
- ae See one piece but should not be pow- 
Micro-pEensity dered. Too fine powders are to be 
DETERMINATION OF avoided since they give rise to errors 
SOLIDS ° . : ° 

from the inclusion of minute air 

voids between the individual particles of powder. 
Materials that react with mercury cannot be deter- 
mined by the use of this device. 





Procedure. Assuming the apparatus to be filled with a dis- 
placing liquid, such as ether or benzene, the position of the upper 
surface of the liquid is read by means of a millimeter scale. 
The previously weighed sample is now carefully introduced by 
means of the flexible steel wire. Care should be taken to avoid 
“rocking” the mercury layer. The steel wire should not be 
allowed to rise to the liquid within the tube on account of the 
danger of withdrawing some of the liquid with the wire. The 
rise of the confining liquid is read; the difference in the readings 
before and after introduction of the sample gives the volume 
occupied by the solid at the temperature of the experiment. 
A slight error is involved by the displacement of the mercury 
layer by the weight of the solid. This is negligible when com- 
pared to the error involved in a determination by change of 
temperature. For the latter reason it is advisable in precise 
work to suspend the instrument in a large beaker provided with a 
cover. Under ordinary circumstances this will hold the instru- 
ment at a constant temperature. 


Results obtained with this instrument are shown 
in Table 1. 


The values for the densities of various 


ple is introduced into the apparatus. 
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materials obtained by this method check reasonably 
well with those obtained by established methods and 
the procedure has the merit of being very rapid. 


TABLE 1 


DETERMINATION OF DENSITIES OF SEVERAL SOLIDS USING 
APPARATUS SHOWN IN FIGURE 1 


Displacement Volume of 
Sample, of Ether, Sample, Density 
Material g. cm. cc. Found Accepted 
Cork 0.01278 6.52 0.0512 0.25 0.24° 
Calespar 0.0864 4.10 0.0322 - 2.68 2.736 
Cupric Oxide 0.2196 4.42 0.0348 6.31 6.29¢ 


* Density determined by chemical balance. 
bsc Density determined by pycnometer. 


Micro-density Determination of Solids by Use of the 
Microscope. The density of micro-quantities of solids 
is very readily and rapidly obtained by use of a micro- 
volumenometer constructed as shown in Figure 2. 
The rise of liquid in the volumenometer caused by 
inserting the solid under determination is measured 
by means of the fine adjustment of a microscope. 

The volumenometer is constructed of a section of 
glass tubing as long 
as is consistent with = 











the working dis- ' = ! 
tance of the micro- 

scope objective. A 

high tube cuts down | | | eS 
evaporation in the 42 3 @ te 


event a volatile 
liquid is used in the 
determination. 
The glass tube is 
converted into a cell by cementing to a microscope 
slide with either Canada balsam or sodium silicate, de- 
pending upon the particular immersion liquids to be 
used in the cell. 

The internal diameter of the cell is carefully measured 
by means of a micrometer. It is assumed that the glass 
tubing is uniform in internal diameter, a condition 
likely to be realized in such a short section as is used 
here. The fine adjustment of the microscope is cali- 
brated in the usual manner (11). 


FIGURE 2.—DETERMINATION OF THE 
DENSITY OF SMALL QUANTITIES OF 
MATERIAL BY USE OF THE MICRO- 
VOLUMENOMETER 


Procedure. The cell is partially filled with a liquid which 
in most cases will be water. The disadvantage of using the 
latter is that with very small specimens the high surface tension 
of the water causes errors due to the inclusion of air bubbles 
on the surface and between the particles of solid sample. Shaking 
or jarring the cell will sometimes loosen these bubbles and allow 
the determination to be carried out. Ethyl alcohol may be 
substituted for the water if one works very rapidly but in general 
volatile liquids do not give consistent results. The distance 
from the top surface of the glass slide to the surface of the liquid 
in the cell is measured in divisions of the fine adjustment. The 
solid under test is now added to the cell. The distance from the 
slide to the surface of the liquid is again measured. The differ- 
ence is due to the volume occupied by the solid. Knowing the 
value of the fine adjustment in centimeters and the diameter 
of the cell one may compute the volume occupied by the solid. 
Dividing the weight of the sample by its volume will give the 
density of the solid. 

In making measurements the upper surface of the slide can 
be more readily “picked up” by the observer if it ‘is lightly 
scratched. A fine dust of lamp black or carbon blown on the 
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liquid will permit of rapid focusing on the liquid surface. Meas- 
urements involving the liquid surface should always be taken 
at the center of the cell. Temperature changes of any magni- 
tude are ruinous to the determination and should be carefully 
guarded against by sheltering the stage of the microscope if 
necessary. 


Results obtained through the application of this 
method are summarized in Table 2. The values 
obtained check closely with those obtained by older 
methods on larger quantities of sample. 


TABLE 2 


MICRO-DENSITY DETERMINATION OF SEVERAL SOLIDS USING 
THE MICROSCOPE 


Displacement in Fine Volume 
Sample, Adjustment Divisions Sample, Density 
Material g- 1l‘div. = 0.000136 cm. ce. Found Accepted 
Copper 0.1053 196.2 0.0118 8.90 8.93° 
Calespar 0.02012 124.9 0.00751 2.68 2.736 
Aluminum 0.01560 94.6 0.00569 2.74 2.72¢ 
Cupric Oxide 0.0908 241.1 0.0145 6.26 6.294 
Mercury 0.1247 152.8 0.00921 13.53 13.55¢ 


a+bseod Density determined by pycnometer. 
© Density determined by chemical balance. 


II. DETERMINATION OF THE DENSITY OF LIQUIDS 


Review of the Literature. The history of micro- 
methods of density determination of liquids begins 
with Wartenberg (12) who weighs 9-35 mg. of a liquid 
in a small pipet-shaped bulb of 4 to 20 mm.°* capacity. 
The bulb is calibrated with ether or chloroform and 
weighed with a Nernst microbalance (13). This 
method does not provide for error due to evaporation 
loss of the sample. Damerell (14) provides for such 
error in his method by plotting time of weighing against 
the decreasing weight of the apparatus. The falling 
drop method, theoretically presented by Stokes (15), 
has been used to advantage by Barbour and Hamilton 
(16), (17), Detre (18), and Lenk (19). Gicklhorn and 
Nistler (20) have advanced a method based on the 
principle that two miscible liquids in contact will form 
a fairly stable boundary if they have the same specific 
gravity. With a set of solutions of known density 
the value for an unknown is readily determined. 
Wiedbrauck (21) determines the densities of small 
quantities of liquids by the familiar balanced column 
method. Nouy (22) has devised a Mohr’s specific 
gravity balance with a plunger displacing about 1 
cm.’ of liquid. Emich (23), (24) has described a 
microscopical method of observing the streak appearing 
when two liquids of differing optical density are 
mixed. Liquids like water and 1% alcohol give a 
streak although differing in density by as little as 
0.002. Spencer (25) has compared the falling drop 
method with several other methods and finds that the 
falling drop method for the specific gravity of blood 
serum appears to be best. If the volume of liquid is 
very minute recourse can be had to a method of 
mixtures as outlined by Kirch (26). Mulliken (27) 
finds densities by a method similar to that of Warten- 
berg (12). 

Micro-density Determination of Liquids by‘ Use of the 
Microscope. It is possible to determine the density 





of liquids by use of the micro-volumenometer shown 
in Figure 2 provided a change is made in the apparatus. 
If the microscope slide is cut off close to the cell the 
latter can be readily weighed on the microbalance. 
The procedure involved is apparent. 


Procedure. The cell is partially filled with a liquid of low 
volatility and immiscible with the liquid under test. Water 
is to be preferred; the sample must have a density greater than 
that of water so it will sink to the bottom of the cell. The 
cell is placed on the microscope stage. and the height of the 
cell liquid determined in fine divisions. The cell and contents 
is immediately transferred to a microbalance already partially 
balanced and the cell weighed. A drop of the liquid under test 
is added and the cell again weighed. The increase in weight is 
taken as the weight of the drop of sample. The determination is 
completed by replacing the cell under the miscrocope and 
determining the rise of the cell liquid. The weight and the 
volume of the sample being known, its density is readily ob- 
tained. 

This method works:very well as a means of quickly determining 
the approximate density of a liquid. The main error lies in the 
loss in weight of the cell liquid occasioned by evaporation. This 
can be corrected by noting the loss in weight over stated inter- 
vals of time and drawing a correction curve based on the time 
and decreasing weight of the cell according to a modification 
of the method proposed by Hottinger (28). 


Uncorrected results obtained with water as the cell 
liquid are tabulated in Table 3. 


TABLE 3 


MICRO-DENSITY DETERMINATION OF SEVERAL LIQUIDS USING 
THE MICROSCOPE 


Volume 
Sample, 


Displacement in Fine 


Sample, Adjustment Divisions Density 


Material g. ldiv. = 0.000136 cm. ce. Found Accepted (31) 
Carbon 25° 
Tetrachloride 0.0191 199.0 0.0120 1.59 1.584 wc 
“ = 15° 
Chloroform 0.0236 260.1 0.0157 1.51 1.499 “7s 


Micro-density Determination of Liquids by a Bal- 
anced Column Method. An apparatus (29) for the 
determination of the density of small quantities of 
liquid was developed by one of the authors several 
years ago following the lines of the apparatus proposed 
by Heard (30) for macro work. 

Typical results are given in Table 4. 


TABLE 4 + 


MICRO-DENSITY DETERMINATION OF SEVERAL LIQUIDS USING 
THE BALANCED COLUMN METHOD 








Calibration value with distilled water: 15.0 cm. 
Temperature: 20°C. 
i 20° 
Density of water: 0.9982 “<3 
Rise in Capillary, Density 
Material cm. Found Accepted (31) 
Ether 20.80 0.720 0.719 a 
20° 
Toluene 17.32 0.864 0.866 7. 
, 25° 
Carbon Tetrachloride 9.41 1.589 1.584 7" 
20° 
Acetone 18.85 0.794 0.792 ro 
. 15° 
Chloroform 10.00 1.493 1.499 - 
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Construction and detail are shown in Figure 3. 
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FIGURE 3.—APPARATUS FOR THE MICRO-DENSITY DETERMINA- 
TION OF LIQUIDS 


Procedure. The principle of the device is relatively simple. 
A small volume of liquid of known density is placed in bulb (A) 
and air is forced through the apparatus from the aspirator bottle 
(D) by opening the stopcock of separatory funnel (C). The air 
pushes the water out of the submerged tube (B) and bubbles 
to the surface of the water surrounding it. The air flow should 
be regulated by means of the stopcock of funnel (C) so that 
approximately 60 bubbles a minute are released. The pressure 
developed in the system causes the liquid in (A) to rise to a 
point within the capillary. Knowing the rise of distilled water 
in the tube the density of an unknown liquid can be ascertained 
by subsequently repeating the operation and determining the 
height to which it rises when subjected to the same pressure. 
The heights to which the two liquids of different densities rise 
are inversely proportional to their densities. Allowance for the 
capillary rise must be made in determining the heights to which 
the respective liquids rise in the tube. 

The apparatus is placed in a beaker of water to prevent 
temperature changes from occurring in the air space existing 
above the liquid in the bulb (A). The volume of sample re- 
quired ranges from 0.25 to 0.75 cm.’ depending upon the density 
of the liquid under test. 

A glass cap is placed over bulb (A) to prevent water from 
reaching the stopper of the bulb. This allows of recovering the 
sample with a minimum of difficulty in drying the tube to pre- 
vent contamination by water during the operation of recovering 
the specimen. 
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SUMMARY 


In this paper three methods have been presented 
for the determination of the density of small quantities 
of solids and liquids. The results obtained on various 
substances by employing these methods are shown in 
Tables 1 to 4 inclusive which serve to show that the 
respective methods give concordant checks with the 
values obtained by other procedures. 

No one of the methods proposed admits of classical 
accuracy but all give close approximations to the true 
density with a minimum expenditure of time. The 
balanced column method can be modified to yield 
more accurate results by a corresponding increase in 
the length of the capillary A and tube B in Figure 3. 
The voiume of sample required for a determination 
will be correspondingly increased. 

The determination of density by means of micro- 
scope measurements becomes unreliable if care is not 
taken to have the cells perfectly clean. If the inside 
walls of the glass tube are in the least amount greasy 
or dirty the liquid meniscus will creep or be depressed, 
giving a greater or smaller number of fine division 
readings and a corresponding error in the density 
determination. The tube from which the cells are 
cut should be steamed and washed with cleaning 
solution before being cut into sections and cemented 
to the microscope slide. All measurements are made 
by taking the average of several readings at the center 
of the meniscus. 
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SOME STUDENT 


EXPERIMENTS in and out of the 


The nine experiments presented below use cyclohexanol 
as the starting material and illustrate a number of func- 
tional reactions which are met in both the aliphatic and the 
alicyclic series. They may be used as optional replace- 
ments for corresponding experiments commonly per- 
formed with aliphatic compounds, with a consequent 
increase in the variety and scope of the laboratory exercises 
and in the student's appreciation of the generality of cer- 
tain reactions. There are exemplified also the following 
more profound structural changes: (1) ring-rupture, 
with passage from the alicyclic to the aliphatic series, (2) 
ring-closure, with passage from the aliphatic to the alicyclic 
series, and (3) the passage from the cycloparaffin to the 
aromatic series by introduction of three double bonds. 
These instructive exercises are not ordinarily included in 
elementary laboratory courses. They require no special 
apparatus and are well within the manipulative abilities of 
undergraduate students. 


++ +e Ho + 


EVERAL cycloparaffin hydrocarbons, notably cy- 
clopentane and cyclohexane, and their simple de- 
rivatives, are so similar chemically to correspond- 

ing aliphatic compounds that a number of the familiar 
experiments which illustrate important general aliphatic 
reactions can be carried out interchangeably in either 
series. The substitution of alicyclic for aliphatic com- 
pounds in the study of such reactions is entirely feasible 
using as the starting material cyclohexanol (hexahydro- 
phenol, “‘hexalin’”’), which is now inexpensive, and 
which chemically is a typical secondary alcohol. The 
introduction of several such exercises into the laboratory 
course will give students some first-hand acquaintance 
with a series of compounds known in many instances 
only on the pages of their textbooks. It will tend to 
break down the somewhat artificial boundaries within 
which the student unconsciously segregates his knowl- 
edge of the aliphatic and the several carbocyclic series, 
and should strengthen his appreciation of the degree of 
generality of certain functional reactions. 

The experiments, and the general reactions they 
illustrate, are as follows. 


(1) Preparation of cyclohexene from cyclohexanol; the dehydra- 
tion of an alcohol to an olefin. 

(2) Oxidation of cyclohexanol to cyclohexanone; ‘the oxidation 
of a secondary alcohol to a ketone. 
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(3) 


Oxidation of cyclohexanol to adipic acid; oxidation of a 
secondary alcohol, through the ketone, to carboxylic 
acid. 

(4) Preparation of cyclopentanone from adipic acid; the prepa- 
ration of a ketone from the barium salt of a carboxylic 
acid. 

(5) Preparation of cyclopentanone-2,4-dinitrophenylhydrazone; 
the preparation of an identifying derivative of a ketone. 

(6) Preparation of cyclohexylbromide from cyclohexanol; the 
replacement of alcoholic hydroxyl by halogen. 

(7) Preparation of 1,2-dibromocyclohexane from cyclohexene; 
the saturation of an olefinic bond by bromine. 

(8) Preparation of cyclohexanone-oxime from cyclohexanone; 
the preparation of the oxime of a ketone. 

(9) Reduction of cyclohexanone-oxime to cyclohexylamine; the 

preparation of a primary amine by reduction of an ox- 

ime. 


Incidental to the immediate purpose of experiment 
3 is the fact that the oxidation involves ring-rupture 
with formation of an aliphatic compound; since cyclo- 
hexanol is prepared by hydrogenation of phenol there 
is illustrated here the passage from the aromatic to the 
aliphatic series. Experiment 4, which yields a ketone 
from a carboxylic acid by a general method, further 
illustrates a method of ring-closure which is familiar in 
the passage from the aliphatic to the alicyclic series, 
in this case with a descent from Cs to C;. Experiment 
7, primarily the saturation of a double bond by bromine, 
includes outline directions by which the exercise. may 
be extended to show the passage from the alicyclic to the 
aromatic series, by the path: cyclohexene —> dibromo- 
cyclohexane —»> cyclohexadiene —» dibromocyclo- 
hexene —> benzene. This illustrates a second common 
method (cf. experiment 1) for introduction of double 
bonds. It shows the sudden loss in the ordinary un- 
saturated properties upon introduction of the third 
double bond, and opens the way for an instructive con- 
sideration of the experimental researches of Baeyer 
and others on the structure of benzene (1). 

In the preparation of the experiments the pertinent 
literature has been examined, and it is believed that the 
procedures chosen, in several cases after comparative 
trials, are those best adapted to student use. Thougha 
majority of the preparations are described in ‘‘Organic 
Syntheses,” the procedures were not in all cases found 
suitable to the present purpose, and in a number of 
instances some changes in apparatus and manipulation 
were necessitated by the reduction of the operating 
scale to one-fifth to one-twentieth of that specified. 
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When the procedures of “Organic Syntheses’ are to 
be used, detailed directions are omitted, references to 
the recently published collective volume or to subse- 
quent annual volumes being given, together with minor 
changes shown by trial to be advisable. The yields 
and physical constants stated are those obtained by the 
procedures specified. Physical constants quoted from 
Beilstein or from International Critical Tables are 
indicated, respectively, (B.) or (I.C.T.). Where the 
use of a fractionating column is recommended refer- 
ence is made to a column of the size described in a recent 


paper (2). 


(1) INTRODUCTION OF AN OLEFINIC BOND BY REMOVAL OF 
THE ELEMENTS OF WATER FROM AN ALCOHOL; THE 
PREPARATION OF CYCLOHEXENE FROM CYCLOHEXANOL 


Dehydration of cyclohexanol to cyclohexene by 
catalytic action of a small amount of sulfuric acid was 
reported by Senderens (3), whose method was used 
by Osterberg and Kendall (4), and appears also in 
“Organic Syntheses” (5). Other dehydrating agents 
are discussed by Osterberg and Kendall. Boudroux (6) 
obtained high yields by use of phosphoric acid at 
160°. The dehydration may be effected also by gas- 
phase catalysis using alumina, etc. 


PROCEDURE: Follow the directions given in ‘Organic Syn- 
theses” (5). Use 30 grams of cyclohexanol and 1 cc. of conc. 
sulfuric acid in a 200-cc. flask surmounted by a short fractionating 
column, with condenser attached (no thermometer is required at 
the head of the column). After drying the product as described, 
distil it from the original apparatus (with thermometer now in 
place), collecting the fraction which boils 82-83.7° cor. The 
yield is about 70%. 


The complete purification of cyclohexene was de- 
scribed by Waterman and van Westen (7), who found 
the boiling point to be 82.8°. Material made by the 
above method, after two distillations through a 3-ball 
Snyder column, boiled 83-83.2° cor. The unsaturation 
of cyclohexene is readily shown by the usual tests. 


(2) THE OXIDATION OF A SECONDARY ALCOHOL 
TO A KETONE; THE PREPARATION OF CYCLOHEXAN- 
ONE FROM CYCLOHEXANOL 


Oxidation of cyclohexanol to cyclohexanone by 
means of chromic acid was outlined by Baeyer (8). 
The procedure was improved by Osterberg and Kendall 
(4), whose method is given below essentially un- 
changed. 


PROCEDURE: Transfer 25 grams of cyclohexanol to a 200-cc. 
flask, and chill in ice. Add gradually, with thorough mixing and 
chilling, 9 cc. of conc. sulfuric acid. With the same precautions 
add in 2 cc. portions a cooled solution of 25 grams of sodium di- 
chromate and 9 cc. of conc. sulfuric acid in 40 cc. of water; this 
should require about an hour. Attach a reflux condenser, and 
heat the mixture for two hours on a water-bath. 

Cool the liquid, and extract with about 100 cc. of ether, used in 
three portions. Dry the ether extracts with anhydrous potas- 
sium carbonate, filter with suction to remove the bulky mass of 
drying agent, and transfer the extract to the flask of a frac- 
tionating outfit. Distil off the ether, and fractionate the residue 
slowly, collecting as cyclohexanone the fraction boiling from 150 
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to 158° (cor.), and as unchanged cyclohexanol anything which 
distils from 158 to 168°.* 


The yield of cyclohexanone is about 75% of the 
theoretical. The pure compound boils at 156.7° cor., 
and has the specific gravity 0.949 (?°/,). Cyclohexan- 
one may be identified by preparation of the 2,4- 
dinitrophenylhydrazone (m. p. 160°) as described for 
cyclopentanone in experiment 5, or of the oxime (m. p. 
88°) prepared as described in experiment 8. 


(3) THE OXIDATION OF A SECONDARY ALCOHOL TO A 
CARBOXYLIC ACID VIA THE KETONE; PREPARA- 
TION OF ADIPIC ACID FROM CYCLOHEXANOL 


When cyclohexanol is oxidized more strongly than 
in experiment 2 the first-formed ketone is attacked in 
typical manner, with rupture of the carbon chain be- 
tween the carbonyl carbon and an adjacent carbon 
atom, both of which are oxidized to carboxyl groups. 
The main product is adipic acid, HOOC(CH2)4sCOOH. 
Smaller amounts of several lower acids (glutaric, suc- 
cinic, oxalic, and apparently monocarboxylic acids 
also) are formed as a result of incidental ring-rupture at 
other points. The same final results will be obtained 
whether the starting material is cyclohexanol or cyclo- 
hexanone. 

Oxidation by nitric acid was described by Bouveault 
and Locquin (9). An improvement of the method was 
patented by the Deutsche Hydrierwerke A.-G. and is 
now given in ‘‘Organic Syntheses” (10). Trials have 
shown the permanganate oxidation method of Mannich 
and Hancu (11) to be more convenient for prepara- 
tion of small amounts of adipic acid. The oxidation, 
conducted in a large volume of water, is a mild reaction 
which requires no regulation nor provision for the 
disposal of toxic fumes. The modified procedure of 
Braun and Lemke (12), using a restricted volume 
(with efficient stirring, control of temperature, and 
gradual addition of solid permanganate), was found 
to offer no real advantage over the simpler method of 
Mannich and Hancu. The yield by permanganate 
oxidation (80% or more) is distinctly higher than by 
nitric acid oxidation (about 60%), but the latter 
method is more useful for preparation of larger quan- 
tities of adipic acid. 


PROCEDURE: To a solution of 15 grams of sodium carbonate 
in 300 cc. of water in a 2-liter flask add 20 grams of cyclohexanol. 
During about 15 minutes introduce a cooled solution of 90 grams 
of potassium permanganate in 1500 cc. of water. Allow the mix- 
ture to stand at room temperature, with occasional shaking, for 
several days. Filter with suction, extract the mass of hydrated 
manganese dioxide with water, and evaporate the combined fil- 
trates rapidly to a volume of about 200 cc. Filter if not clear, 
transfer to a beaker on which the 150-cc. level has been marked, 
and evaporate to this volume. 

Chill the solution in ice and (in a hood) add concentrated hydro- 
chloric acid cautiously until the mixture is acid, and then 30 cc. of 


* A column is necessary to retard distillation of unchanged 
cyclohexanol (b. p. 161.5°) with the cyclohexanone (b. p. 156.7°), 
and at best the separation is imperfect. If the high-boiling resi- 
due is too small to operate the column, it may be distilled from a 
10-cc. side-arm flask, and the 158-168° fraction collected as cyclo- 
hexanol. 
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the acid in excess. After an hour in the ice-bath filter off the 
crude adipic acid, wash with cold water, and dry. The product is 
white, but smells strongly of intermediate fatty acids apparently 
present asimpurities. The yield is about 80%. Torecrystallize, 
dissolve the crude acid in about twice its weight of hot water, add 
charcoal, and boil (in a hood) until the rancid odor in the steam 
becomes faint, keeping the volume constant by addition of water. 
Filter through a heated funnel, and chill the filtrate in ice, with 
stirring. The yield of nearly pure acid is about 75%, and the 
m. p. about 150°. 


Adipic acid when pure melts at 151° (J.C.T.),* 
and is distillable in vacuo (B.). Its solubility in water 
is 1.4 gram per 100 cc. at 15°. It can be crystallized 
satisfactorily from conc. nitric acid, one recrystalliza- 
tion yielding a product of m. p. 151-2° (10). 

For preparation, of adipic acid from cyclohexanone 
by oxidation with permanganate see Rosenlew (14) 
and also Blaise and Koehler (15). 


(4) THE FORMATION OF A KETONE FROM THE BARIUM 
SALT OF AN ACID; THE CONVERSION OF ADIPIC 
ACID TO CYCLOPENTANONE 


The most general application of the essential reaction, 
2R:‘COOH —> R:CO:R + CO: + H:0, involves dry 
distillation of the calcium or barium salts of the acid 
(or of mixed acids). Morgan and Holmes (16) prepared 
in this way a number of methylketones (CH;-CO-- 
C,He» + 1), in which mrangedfrom7to 19. With vola- 
tile acids a vapor-phase catalytic process may be used 
(17). In the case of adipic acid the desired decomposi- 
tion of the barium salt occurs below the boiling point of 
the acid. Itis therefore possible, by heating to the de- 
composition temperature with only a small amount of 
barium oxide or hydroxide, to effect the progressive 
conversion of the acid, through its barium salt, to 
cyclopentanone, which distils out. This excellent 
procedure appeared as a Baeyer and Co. patent (18), 
is described by Vanino (19), and is given essentially 
unchanged, but with useful comments, in “Organic 
Syntheses” (20). 

PROCEDURE: Follow the directions given in ‘‘Organic Syn- 
theses” (20). Use for the reaction a ground mixture of 20 to 25 
grams of adipic acid and 1.5 gram of barium hydroxide, contained 
in a 125-cc. side-arm flask with the bulb nearly immersed in a 
sand-bath. Raise the temperature so that the molten charge 
reaches 290° in about 40 minutes. To the distillate add solid 
sodium or potassium carbonate until the aqueous layer is satu- 
rated, separate the ketone layer, and dry over night with calcium 
chloride.t Redistil the product, collecting as cyclopentanone 
the portion which boils 128-132° cor. 


The yield is about 70%. The boiling point of pure 
cyclopentanone is 130.6°, and the specific gravity 
0.951 (29/4) U.C.T.). 


(5) THE PREPARATION OF AN IDENTIFYING DERIVATIVE 
OF A KETONE: CYCLOPENTANONE-2,4- 
DINITROPHENYLHYDRAZONE 


The usefulness of the 2,4-dinitrophenylhydrazones as 
identifying derivatives of carbonyl compounds was 

* Other recorded values (13) range from 149° to 153.5°. 

{ This treatment removes traces of adipic acid, and salts out 


the ketone, without the loss of product which attends the washing 
with water and aqueous alkali as directed in ‘‘Organic Syntheses.” 
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suggested by Brady and Elsmie (21), and was estab- 
lished by Allen (22), who devised a satisfactory general 
procedure for their preparation and characterized 58 
carbonyl compounds in this way. Another procedure 
was devised by Brady (23). The reagent condenses 
with carbonyl compounds even in presence of consider- 
able mineral acid, yielding products which are colored, 
highly crystalline, sparingly soluble (24), and readily 
obtained pure. 


PROCEDURE: (Method of Allen). Weigh in a tared 100-cc. 
Erlenmeyer flask 0.5 gram of cyclopentanone. Introduce 1.0 
gram of 2,4-dinitrophenylhydrazine and 60 cc. of 95% alcohol. 
Heat to boiling on a water-bath, add 1 cc. of conc. hydrochloric 
acid, and boil the liquid gently until everything dissolves, adding 
more alcohol 1 cc. at a time if necessary. Chill the solution, filter 
off the precipitate, and wash with a little ice-cold alcohol. Dry at 
100° and determine the melting point. 


The yield is practically theoretical. The derivative 
melts at 142°. 

Allen (22) describes the preparation of the reagent 
from 2,4-dinitrochloro(bromo)benzene and hydrazine 
(25). The reaction is a good example of replacement 
of ‘‘activated”’ aromatic halogen, and is satisfactory as a 


student experiment. 


(6) THE REPLACEMENT OF ALCOHOLIC HYDROXYL BY 
HALOGEN; THE PREPARATION OF CYCLOHEXYL- 
BROMIDE FROM CYCLOHEXANOL 


For preparation of cyclohexylbromide from cyclo- 
hexanol Baeyer (8) used fuming hydrobromic acid 
under pressure, Wahl and Meyer (26) used excess of 
the acid under reflux, and Hope and Perkin (27) em- 
ployed in the same way a saturated solution of hydro- 
gen bromide in glacial acetic acid. Better results can 
be obtained, according to Hiers and Adams (28), by 
action of phosphorus tribromide on cyclohexanol, as 
first used by Freundler and Damond (29), modified by 
Kohler and Burnley (30), and by Krause and Pohland 
(31), whose procedure is described below. 


PROCEDURE: Provide a dry 250-cc. flask with a two-hole stop- 
per carrying a small dropping funnel and a calcium chloride tube, 
the latter connected with a sodium hydroxide trap. Weigh 25 
grams of cyclohexanol into the flask, cool in ice, and add drop by 
drop from the funnel 34 grams (1.5 times theory) of phosphorus 
tribromide,* with thorough mixing and continual chilling; the 
reaction mixture should be kept near 0°, to minimize formation 
of cyclohexene. Allow to stand several hours in the ice-bath, 
then at room temperature over night, and finally heat for 30 
minutes on the water-bath. 

Pour the mixture slowly into chipped ice (in the hood). Sepa- 
rate the layer of cyclohexylbromide, wash with 5% sodium hy- 
droxide solution, and then with water. Dry with anhydrous 
calcium chloride until the liquid is clear. Decant into a 125-cc. 
Claisen flask and distil under reduced pressure. 


Reported boiling points for various pressures are as 
follows: 113-116° (150 mm.), 69-71° (30 mm.), 
61-62° (20 mm.), 52.5° (13.5 mm.) (27), (28), (29), (31). 
Under ordinary pressure cyclohexylbromide boils at 

* For preparation of phosphorus tribromide from red phos- 


phorus and bromine see EDWARDS AND REID, J. Am. Chem. Soc., 
52, 3239 (1930). 
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165.5° (.C.T.), but with partial decomposition. 
The yield is 80% or more; it is decreased by forma- 
tion of some cyclohexylphosphite (29). 
Cyclohexylbromide resembles the alkyl halides of 
comparable molecular weight in odor, etc., though the 
bromine atom (unlike that in cyclopentyl- or cyclo- 
heptylbromide) is firmly held (32). With magnesium 
cyclohexylbromide yields the Grignard compound 
(together with some cyclohexene and dicyclohexyl) 
and this can be used in familiar ways. By action of 


dry carbon dioxide there can be obtained good yields of 
cyclohexanecarboxylic (hexahydrobenzoic) acid (33). 


(7) THE SATURATION OF AN OLEFINIC BOND BY 
HALOGEN; THE PREPARATION OF 1,2-DIBROMO- 
CYCLOHEXANE FROM CYCLOHEXENE 


The compound 1,2-dibromocyclohexane is _ best 
prepared by saturation of cyclohexene with bromine; 
attempts to obtain it by direct bromination of cyclo- 
hexylbromide were not successful (34). 

PROCEDURE: Follow the directions given in “Organic Syn- 
theses” (35), using one-fifth the quantities specified. Use for the 
reaction a 500-cc. flask; the mechanical stirrer may be omitted, 
the reaction mixture being shaken by hand during the addition. 
Reported boiling points at various pressures (other than that 


stated) are as follows: 145-6° (100 mm.), 116° (29 mm.), 101-2° 
(13 mm.). The compound cannot be distilled under ordinary 


pressure. 


THE INTRODUCTION OF DOUBLE BONDS BY ABSTRAC- 
TION OF HYDROGEN BROMIDE; CYCLOHEXADIENE 
AND BENZENE FROM 1,2-DIBROMOCYCLOHEXANE 


This interesting series of reactions was described by 
Crossley (36). It involves removal of 2HBr from di- 
bromocyclohexane by heating with quinoline, partial 
saturation of the conjugate system of the resulting 
cyclohexadiene by bromine (1,4-addition), and finally 
the removal of 2HBr by means of quinoline, with 
introduction of a second and third double bond and 
formation of benzene. The experiment is instructive 
and is manipulatively simple, though the yields are 
small. The quinoline can be recovered. An outline of 
the procedure follows. 

Upon heating 1,2-dibromocyclohexane with twice its 
weight of quinoline to 178° hydrogen bromide is re- 
moved, and the distillate, collected up to 100°, con- 
sists largely of cyclohexadiene-1,3.* After redistilla- 
tion from some quinoline, washing with dilute sulfuric 
acid, drying with calcium chloride, and distillation from 
sodium, the product boils at 81.5-82°. The yield is 
rather small. Cyclohexadiene polymerizes in sunlight, 
becoming viscous, and takes up atmospheric oxygen to 
form (eventually) an explosive sirup. 

When cyclohexadiene-1,3 in chilled chloroform solu- 
tion is treated very slowly with one mol of bromine in 
chloroform, there occurs vigorous addition of the 
1-4-type once regarded as characteristic of conjugated 

* This product, according to HARRIES, WILLSTATTER, et al. (see 
Beilstein, 4th ed., Vol. V, p. 113; Suppl. Vol. V, p. 61), is a mix- 


ture of cyclohexadiene-1,3 with cyclohexene, 1-bromocyclohex- 
ene-1 and benzene. 
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systems. Upon evaporation of the solvent, and re- 
crystallization of the residue from ligroin, there is 
obtained 1,4-dibromocyclohexene-?, a crystalline solid 
of melting point 108-9°. 

By heating 1,4-dibromocyclohexene-? with twice its 
weight of quinoline as outlined above, the distillate up 
to 90° consists largely of benzene, which after drying 
with calcium chloride distils at 80-1°. The yield is 
small, but the product is readily recognized. To 
identify with certainty, 3 drops may be converted into 
m-dinitrobenzene, m. p. 89°, as described by Mulliken 


(37). 


(8) THE PREPARATION OF CYCLOHEXANONE-OXIME 
FROM CYCLOHEXANONE 


Preparation of this oxime has been described by 
Baeyer (8), Osterberg and Kendall (4), and in ‘‘Organic 
Syntheses” (38); yields are uniformly high. The 
procedure given below is that of Osterberg and Kendall. 


PROCEDURE: Chill in ice a mixture of 10 grams of cyclohexan- 
one, 10 grams of sodium bicarbonate, and 35 cc. of water. 
Dissolve 7.1 grams of hydroxylamine hydrochloride in 15 cc. of 
water, and add in small portions to the ketone mixture, with 
stirring and chilling. Allow to stand for about an hour in ice, 
and filter off the separated oxime. Wash twice with ice water, 
and dry in a vacuum desiccator or in the air. The yield is about 


10 grams, or nearly 90%. 

To purify the product dissolve it in boiling ligroin, using 4 cc. 
for each gram of oxime, and chill the solution in ice. The yield of 
pure oxime (m. p. 88°) is about 75%. 


(9) THE REDUCTION OF AN OXIME TO A PRIMARY 
AMINE; THE PREPARATION OF CYCLOHEXYLAMINE 
FROM CYCLOHEXANONE-OXIME 


Cyclohexylamine has been made by catalytic hydro- 
genation of aniline (39), (40), of cyclohexanone-hydra- 
zone (41), of cyclohexanone-oxime (42), and also by 
action of liquid ammonia upon cyclohexanol (43). 
The best laboratory method is the chemical reduction 
of the oxime by sodium and alcohol. Earlier pro- 
cedures (4), (8) use a large excess of sodium and alcohol, 
but state no yields. The procedure of “Organic Syn- 
theses” (44) for reduction of heptaldehyde-oxime (and 
recommended also for other oximes including that of 
cyclohexanone) specifies a more moderate excess of 
reducing agent. The similar reduction of menthone- 
oxime (45) requires even less sodium, and the same 
conditions were found to serve for preparation of 
cyclohexylamine more economically and in satisfactory 


yield. 


PROCEDURE: Follow the directions given in “Organic Syn- 
theses’ (44). Use a 500-cc. flask, 10 grams of cyclohexanone- 
oxime, 150 cc. of dehydrated alcohol, and 15 grams of sodium. 
If any sodium remains undissolved, add finally a little more alco- 
hol. In the receiver for the steam distillate put 20 cc. of 6N 
hydrochloric acid; after the distillation evaporate this liquid to 
dryness, dry at 100°, and weigh the crystalline residue as crude 
cyclohexylamine hydrochloride. The yield is about 80%. 
Reserve 0.2 gram for preparation of the picrate and purify the 
rest by either of the following methods, one yielding the hydro- 
chloride and the other the base. 

(a) To obtain pure cyclohexylamine hydrochloride (8) dis- 
solve the crude salt in the least’ hot alcohol, filter quickly, add a 
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large excess (10-20 volumes) of ether, and chillin ice. Filter off 
the separated amine salt, wash with cold ether, and dry. The 
recovery is about 75%. The melting point is 204°. 

(6) To obtain cyclohexylamine (the base) dissolve the crude 
hydrochloride in about 10 cc. of water, make alkaline with strong 
sodium hydroxide solution, and extract the separated amine in 
ether. Dry the extract thoroughly over solid sodium or potas- 
sium hydroxide,* transfer the ether solution to the flask of a frac- 
tionating outfit, and distil off the ether. When the temperature 
of distillation exceeds 125°, attach as receiver a small side-arm 
flask (tared) with the outlet protected by a soda-lime tube (cyclo- 
hexylamine absorbs carbon dioxide readily from the air). Col- 
lect as product the portion which boils 130-5°. The yield is 
about 55%.t With the least possible exposure to the air trans- 
fer the product, through a miniature thistle-tube, to a small 
sealing bottle. 


Cyclohexylamine is a strong organic base with 
ammoniacal odor. The boiling point is variously 
given (B.), values ranging from 130 to 138°. Made as 
described above the product boiled almost wholly 
at 133-4° (uncor.). 


CYCLOHEXYLAMINE PICRATE. Dissolve 0.2 gram of cyclo- 
hexylamine hydrochloride, 0.25 gram of picric acid, and 0.2 gram 
of crystallized sodium acetate in 10 cc. of hot water, and chill 
the solution in ice. Filter with suction, and wash the picrate 
with cold water. Dry, weigh, and determine the melting point. 
The yield is about 0.8 gram, and the melting point 155-6° 
(158-9° cor.). This picrate has apparently not been reported 
hitherto. 


As an alternative experiment, menthone-oxime (46) 
may be reduced to menthylamine (45). This is re- 
moved by steam distillation, as in the above procedure, 
and the distillate liquid concentrated to about 100 cc., 
filtered, evaporated further to 50 cc., and chilled. 
The amine salt crystallizes out in a yield of 80% or 
more, depending upon the purity of the oxime. The 
hydrochloride does not melt. It may be transposed 
to the difficultly soluble picrate (47) of m. p. 173°. 





* According to H1ERS AND ADAMS (39) cyclohexylamine forms 
with water a constant-boiling mixture (94-5° at 746 mm.); com- 
plete drying requires use of metallic sodium. 

t A yield of 57% was obtained when the amine was distilled 
through a small Vigreux column (2) of about 1 cc. hold-up. 
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A STUDENT-MADE 
CHEMICAL BALANCE 


OTTO J. WALRATH 


High School, Bloomfield, New Jersey 


have his own chemical laboratory at home. 

One of his difficulties, especially if money is 
scarce, is to get a suitable balance. The following 
accompanying drawing and description of a balance 
made by one of our boys last year should be of interest 
to teachers who desire projects for their students. 
It can easily be made in the manual-training shop and 
the cost is very small. Moreover, its accuracy will 
prove to be much greater than that of some balances 
found in high-school laboratories. 


Mie Y a high-school chemistry student wants to 











STUDENT-MADE BALANCE 


The base A is made of wood 14” X 6” X 3/4”. 
At the exact center is fitted an upright C of wood 


3” & 11/4” X 5/3”. The latter is fastened by brass 
angles to the base. Two brass strips (I) 8” X 5/s” 
(‘/1e” gage) are attached to the upright and these 
extend 5” above its top. V-shaped notches are made 
in the exact middle of the upper ends of the brass strips 
to hold the center pivot D, which is ground from a hack- 
saw blade and which is soldered in place in the above 
notches. 

The lever proper is made of two brass strips H 
10*/2” X 1/2” (*/16” gage) and one strip E of the same 
material 131/,” & 1/4” (*/1e” gage). This latter strip 
will later carry the slide and have the gram markings. 


The long strip is bent 1!/.” from each end. The first 
two strips are then soldered 1” apart between the bends 
of the long strip. Now, V-shaped notches are made 
1/,” from the ends of the shorter strips. Of course, 
these are on the upper side. At the center of these 
strips (on the lower side) V-shaped notches are made. 
These will rest on the pivot D. Great care should be 
taken that they are uniform for both strips. 

The weighing pans are of aluminum trimmed to the 
same weight. They are held by brass crosses, whose 
ends extend just beyond the pans. The pan pivots F 
are ground from hack-saw blades */,”  13/s”. Two 
steel wires are now securely soldered near the ends of 
the pan pivots. These wires should be about six 
inches long. It is best, before proceeding farther, to 
have the lever supported at both ends in a horizontal 
position. The pan pivots can then be placed in position 
and the free ends securely soldered to the ends of the 
crosses so that the cross will be in a true horizontal 
plane. It is important to use great care in getting the 
crosses exactly parallel to the lever. Four steel wires 
may be used but it is easier with two to get the pans on 
and off the crosses. The slides, made of !/15” gage 
brass, 1/,” wide and long enough to bend (above and 
below) around the longer arm, can next be placed in 
position at the extreme left of the long strip. In 
bending the slide make sure it is able to move freely to 
the right or left without being too loose. The lever is 
now ready to place on its support. 

The brass slide at the left will make that arm slightly 
heavier than the right. A brass counterweight is now 
clamped over the back strip at the right of the center 
pivot and moved until the whole lever is level. The 
counterweight is then tightened in position. 

After the above adjustments, 11/3” wood cubes are 
placed on the base directly under the pans, to prevent 
the pans from swinging too far. 

The gram divisions on the scale are determined by 
experimentation, the zero point being where the scale 
balances with the slide placed at the extreme left. 
The 10-gram point can be found by balancing against 
a 10-gram weight. The space between 0 and 10 may 
now be divided into equal parts and these again into 
tenths. 

Finally, a stout steel wire is soldered to the back 
of E in line with a marking lengthwise through the 
center of the front brass strip on the support. This 
will serve as an indicator and will also aid in leveling 
the scale. 
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SMALL SAMPLES 
of SO: 


EARL H. BROWN 


Antioch College, Yellow Springs, Ohio 


URING the past two years the author has had 
occasion to use small samples of sulfur trioxide. 
The following method has been found satisfactory 
for the preparation, weighing, and handling of small 
quantities of the compound. The method is similar 
to that employed in the preparation of boron triethyl- 
imine.! . 

A number of small bulbs of about 7 mm. diameter are 
blown. Capillary necks about 8 cm. long are left on the 
bulbs. They are carefully inspected and the weak ones 
discarded. They are then numbered, weighed, and 
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inverted in tube C (see illustration). The capillaries 
should be well cleaned before the bulbs are placed in 
tube C. A brown color appears in the sulfur trioxide 
near those not cleaned after contact with the hands. 

A mixture of fuming sulfuric acid and phosphorus 
pentoxide is poured into flask A and phosphorus pent- 
oxide into B. The system is then evacuated and the 
stopcock closed. Tube B is then immersed in a cooling 
bath of ice water and flask A gently heated. When a 
sufficient quantity of sulfur trioxide has condensed in 
tube B, the tube between A and B is closed with a 
flame. The cooling bath is then transferred from B to 
C, and the trioxide distilled into C. Dry air is then 
admitted to the system through the stopcock, forcing 
the liquid into the bulbs. Tube C is then opened, and 
the bulbs are removed, sealed, and weighed. It is well 
to cover the hands with vaseline while sealing the bulbs. 

This method of handling sulfur trioxide offers the 
following advantages: 


1. Weighed samples are available for immediate use. 





1C, A. Kraus AnD E. H. Brown, “Studies relating to boron. 
II. Action of lithium on ethylammino boron trifluoride,” J. 
Am. Chem. Soc., 52, 4414-8 (Nov., 1930). 
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An EQUILIBRIUM 
EXPERIMENT 


EARL H. BROWN 


Antioch College, Yellow Springs, Ohio 


HE determination of the degree of dissociation of 
sulfur trioxide by the Dumas method is quite 
feasible for an experiment in a beginning course in 

physical chemistry. The following is a description of 

the technic developed for the experiment. 

A 500-cc. round-bottomed Pyrex flask, A (see illus- 
tration), with a neck at least 10 cm. long is cleaned and 
dried. A bulb, B, of sulfur trioxide is placed in the flask 
and the neck drawn to a capillary. The capillary is 
left about 10 cm. long and bent at right angles about 
2 cm. from the end. The flask is then weighed and 
placed in a suitable 
furnace, C, with the Yea 
tip of the capillary 
down. The tem- 
perature of the fur- 
nace is then slowly 
raised to the de- 
sired value. The 
sulfur trioxide bulb A 
breaks shortly after oH 
heating is started. 
It is necessary to 
flame that part of 
the capillary out- 
side of the furnace 
to prevent conden- 
sation. The tip is 
pointed downward so that drops of sulfuric acid formed 
at the end do not run back into the flask. The temper- 
ature measurement is made by a chromel-alumel 
thermocouple, D. When the temperature is between 
500 and 600°C.., the tip of the capillary is sealed with an 
oxygen flame (exact temperature noted) and the flask 
removed from the furnace. When it has cooled to 
room temperature, it is weighed, the volume is deter- 
mined, and the necessary calculations are made. 

An undergraduate can perform the above-described 
experiment with ease provided he does not have to 
prepare the sulfur trioxide. This should be prepared 
by the instructor or assistant. A sufficient quantity 
of samples can be prepared at one time to supply the 
class. 
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2. A large number of samples can be made up at 
one time. Twenty-five one-gram samples are 
easily prepared in one preparation. 

3. Enclosed in the bulbs, the compound can be very 
safely handled. 













SIMPLE TIME-SAVERS in the 
PREPARATION of SOLUTIONS 


L. A. MUNRO 


Queens University, Kingston, Canada 


CONSIDERABLE saving of time can be achieved 

by the use of home-made dissolving funnels 

for the preparation of solutions. The principle 
is simple. A perforated container filled with solute is 
suspended in the upper portion of the solvent. The 
solution formed in the funnel is denser than the solvent 
so it streams to the bottom, fresh solvent taking its 
place. This gives very efficient stirring by gravity. 
The reader may be familiar with ‘dissolvers’”’ of the 
funnel type. Three simple types are described below. 
These can easily be made by the amateur glass blower 
from apparatus at 
hand. 

Type A is made 

from an old 100- 

200 ce. pipet. Thin- 

walled bulbs are 

blown as shown in 

the diagram. The 

thin walls are broken 

by tapping with a 

file, when the re- 

quired number of 

bulbs has been 

blown. The edges 

of the holes are fire- 

polished in the tip 

of a small flame. One end of the pipet is then cut off 
near the shoulder by means of a hot wire and the 
pierced part is flanged. The small tube is cut off near 
the base and a plug of glass wool is inserted, the 
shoulder being heated until the edges of the plug fuse 
to the walls. The completed dissolving tube is sus- 
pended by a nicrome triangle. 

In an experiment using sticks of NaOH, 15 g. was 
weighed into A, and suspended in a tall beaker con- 
taining 85 cc. of water. The whole dissolved in 6.0 
minutes. In a second experiment the same quantity 


was added to the same volume in a beaker and the mix- 
ture was stirred continuously with a stirring rod. This 
required six minutes three seconds for complete solu- 
tion. It seems therefore that the “gravity stirring” 
induced by the dissolving tube A is as effective as con- 
stant stirring with a stirring rod. 

For larger quantities a dissolver of type B or C is 
recommended. Of these, type B is more easily con- 
structed. It is made from a large neck, round bottom 
Pyrex flask, using a fine-pointed oxygen flame. This 
type was used for making up NaOH for a large class in 
qualitative analysis. 
The weighed NaOH 
was placed in B, sus- 
pended by the neckin 
alarge beaker. Solu- 
tion was quite rapid. 
Theresulting solution 
was then diluted to 
therequired strength. 

Type C is a little 
more difficult to 
make but gives a 
convenient shape. 
Holes are first blown 
as before. Indenta- 
tions are made in the 
neck of the Erlenmeyer. The base is then cut off by 
means of a hot wire and a stream of water from a wash 
bottle. A plug of glass wool is inserted on top of the 
indentations and the funnel is suspended by a ring. 

One should be sure that the walls of the little bulbs 
are thin enough to be shattered by tapping with a file. 
Should the projecting bulb ‘‘blow out,” the edges 
should be fire polished and a plug of asbestos or cotton 
wool inserted when cool. Some prefer to make all the 
holes in this w y, plugging each until the work is 
completed. 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


A demonstration beaker. Anon. Laboratory, 5, 60 (1932).— 
A new beaker, which is elevated on its own base, is admirably 
suited for lecture demonstrations. The container is 4 X 4 X 7/s 
inches and contains 140 ml. H: TB. 

Doing big things in a small way. Anon. Laboratory, 5, 78-9 
(1932).—Many of the pieces of apparatus which the micro- 
analyst uses are illustrated and a brief discussion of what may be 
done using micro equipment is given. Hi. T..B, 

Experiments in allotropy. II. Oxygen and phosphorus allo- 
tropes. E. W. Bianx. Sch. Sci. & Math., 32, 757-9 (Oct., 
1932).—An ozone apparatus constructed from a Liebig condenser 
is described. The inner tube is filled with NaCl solution which 
serves as one electrode, the other electrode being a layer of tin- 
foil on the outside surface. Air to be ozonized is aspirated 
through the water jacket. Ozone has a remarkable effect on 
mercury. If some ozonized air be admitted into a flask con- 
taining mercury, the latter becomes dull in luster and spreads a 
film over the interior of the flask. By adding water, the mercury 
recovers its luster. This is a most characteristic effect and the 
reaction is so delicate that a very small bubble of oxygen con- 
taining only 1/59 of its bulk of ozone will destroy the luster of 
several pounds of mercury and cause the latter to lose its custo- 
mary mobility and convexity. The conversion of yellow phos- 
phorus into the red modification is readily demonstrated by 
sealing some of the former in a small tube and heating in boiling 
diphenylamine (310°C.). The flask apparatus for this experi- 
ment is drawn and described. J. H..G. 

Experiments on colloids. G.Fowzes. Sch. Sci. Rev., 14, 142- 
53 (Dec., 1932).—A collection of experiments from books and 
articles on colloidal chemistry. (Few references given.) The de- 
tails of procedure have been altered where necessary to suit the 
experiments to demonstration use. 

Colloidal Sulfur. Add dilute H.SO; to H2S water. Optimum 
concentrations and proportions are best determined by trial. 
Demonstrate that sol runs through filter. Contrast with crystal- 
line sulfur obtained by Na2S.O3aq. + dilute acid. 

Colloidal Silver Chloride. Ten ce. 0.1 N AgNO; + 10 cc. 
warm 5% gelatin soln.; dilute to 50 cc.; add equal volume of 


similarly prepared NaCl-gelatin soln. Contrast opalescent pro- 
tected sol with NaCl + AgNO; precipitate. 

Arsenic Sulfide Sol. Pass H2S into 100 cc. of previously pre- 
pared cold, saturated soln. of As.O; until a trial portion smells 
faintly of the gas; remove odor by adding a little more As.O; 
soln. Contrast clear golden sol with precipitate obtained by 
passing H2S into soln. prepared by As.O; + HCl. 

Antimony Sulfide Sol. Can be prepared by preceding method 
or by mixing very dilute solutions of tartar emetic and commer- 
cial ammonium sulfide. More concentrated solns. give flocculent 
precipitate. 

Ferric Hydroxide Sol. Heat hydrolysis of concentrated FeCl; 
soln. Coagulate by boiling and by addition of NazSO, or alum. 

Colloidal Silver. (a) Very dilute ammoniacal AgNO; soln. plus 
= portion 10% tannin soln. (6) With dextrin (cf. Carey 
Lea). 

Illustrating Coagulation or Flocculation. In addition to previous 
examples, prepare rosin sol by pouring a 1 g. in 20 cc. rosin- 
methyl alcohol soln. into 100 cc. distilled H,O; flocculate half- 
portion by adding one drop conc. HCl. 

Gelation. Alternate warming and cooling of gelatin soln. 
Gelatinous precipitates of ferric and aluminum hydroxides. 
Silica gel by adding equivalent (phenolphthalein end-point) 
quantity of N HCl to sodium silicate soln. of 1.06 density. For 
experiments with silica gels see Holmes, “‘Laboratory Manual of 
Colloid Chemistry,” 1928. 

Peptization. Peptize washed cadmium sulfate precipitate by 
passing H2S into H,O suspension. Peptize washed, ammonia- 
precipitated ferric hydroxide by adding FeCl; to warm H:0O sus- 
pension. 

Non-dialysis and Non-diffusion. 
Noyes. 

Protective Action of Colloids. Dilute solns. of HgCl, and KI 
plus gelatin. Dilute solns. of AgNO; and K2CrO, + gelatin. (To 
be continued.) O. R. 

Inductive electrical heating in chemical plants. See this title, 
. 122. 


Methods of Wo. Ostwald and 
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KEEPING UP WITH CHEMISTRY 


Eddington’s theory of the electron. R. M. LANGER. Sct. 
News Letter, 22, 303, 315 (Nov. 12, 1932).—An eighth paper 
recently published in the Proceedings of the Royal Society of Lon- 
don by Sir Arthur Eddington claims to contain a rigorous proof 
of characteristics of the electron presented in seven other papers 
published during the last three years. A difficulty in reading 
the article is that two separate fields are involved—quantum 
mechanics and relativity. There are not many scientists 
sufficiently experienced in both of these to be able to read Doctor 
Eddington’s proofs without hard work. The results which he 
claims for this paper include: 

1. The fundamental electric charges, the electrons, are ex- 
actly alike and interchangeable. 2. The inverse square law, 
with improvements, for the force between electrons is at last 
derived and not assumed. 3. The Exclusion Principle of Pauli 
is deduced from general principles and not mysteriously added to 
patch up flaws in an imperfect theory. 4. The numerical value 
of the electronic charge is calculated from the velocity of light 
and the quantum of action. 5. The problem of two bodies has 
for the first time been solved in a satisfactory manner in ac- 
cordance with the requirements of relativity and quantum ae 

«: .B. C, H. 

A new variety of H.O.. K.H. Gere AND P. Harteck. Ber., 

65, 1551-5 (Sept. 14, 1932)—-When atomic hydrogen acts on 


molecular oxygen at low temperatures a product is formed in 
which the atomic ratio between oxygen and hydrogen is 1:1. 
At —115°C. this substance is partly changed into ordinary hydro- 
gen peroxide. The substance is considered to be a new chemical 
individual. If ordinary hydrogen peroxide is considered to be 
dihydroxyl HO-OH the new substance may have the structure 


H 
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A new type of shatter-proof glass. M.Naputaui. Chem. & 
Met. Eng., 39, 601 (Nov., 1932).—Sekurit glass, a new product 
from Germany, is made from highly polished sheets of plate glass 
treated by a special hardening process which does not affect the 
transparency and which obviates the necessity of an adhesive 
medium between the individual plates. Brittleness is greatly 
reduced and the high elasticity and flexibility of the product re- 
mind one of spring steel. This glass has remarkable resistance 
to temperature changes, high resistance to torsional stresses, 
and falls into small pieces when destroyed. A diamond cannot 
be used for cutting. J. Waki. 

Under-water fires. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 71, 2 (Nov., 1932).—A few years ago the Bulletin called 
attention to the process of submerged combustion which was 
being developed in England, in which process the burner was 
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immersed in the liquid and shot the incandescent gases of com- 
bustion directly into the liquid. It was pointed out that this 
type of combustion delivered the heat directly to the liquid, 
thereby eliminating the heat losses of furnaces and boiler or 
evaporator shells. Recently this burner was successfully used 
for the concentration of waste sulfite liquor, a waste product of 
certain types of pulp mills. 

The difficulties encountered in the evaporation of sulfite liquors 
by the usual methods are: viscosity of solution, scale-forming 
tendency of the liquor, and the corrosive nature of the un- 
neutralized liquors. 

The incandescent combustion gases are broken up into minute 
bubbles in their passage through the liquid, producing great 
agitation, thus preventing the precipitation of the calcium sulfate 
on the tubes and evaporator shell, which always seriously re- 
duced heat transfer. The calcium sulfate settles on the bottom 
where it can be readily removed. Corrosion is prevented by 
the use of earthenware or special alloy equipment, hitherto im- 
possible because of the high heat resistance and fragility of 
earthenware, and the high rate of corrosion of the special alloy 
equipment at elevated temperatures. A sulfite liquor con- 
taining 12% solids has been evaporated to 70% solids without 
difficulty, and without the serious foaming encountered in the 
usual methods. G. O. 

The most important improvements in the inorganic industry 
made in the years 1927-1931. A. BRAUER, J. REITSTOTTER AND 
H. SIEBENEICHER. Z. angew. Chem., 45, 727-38 (Nov. 19, 
1932).—The authors discuss the latest developments in the 
industrial manufacture of mineral acids as well as compounds 
and elements needed for the manufacture of these acids. The 
following topics are taken up, accompanied by numerous refer- 
ences: (1) the manufacture of hydrochloric acid by the Le Blanc 
process, the Hargreaves and Robins Process, and by the direct 
synthesis from the elements; (2) the manufacture of sulfur, sul- 
furous acid, and sulfuric acid; (3) the preparation of nitric acid. 
291 references are listed. L. S. 

Dental chemistry. R. B. Savin. Chemist, 9, 814-7 (Nov., 
1932).—The phases which have marked the development of 
dentistry might be classified as destructive dentistry, reparative 
dentistry, restorative dentistry, and preventive dentistry. Al- 
though chemistry has been important in the development of the 
second and third phases, the greatest opportunity for a highly 
beneficial contribution is in relation to the fourth phase. ‘‘Faulty 
dentition, abnormalities in tooth alignment, soft or chalky teeth, 
imperfect enamel on the tooth crown, all have their origins in 
faulty chemical processes, lack of control by the endocrines. 
These are problems of the chemist, the biologist, the bacteriolo- 
gist—but without the chemist there would be no hope of solu- 
tion.’ E.R. W. 

Electrical factors of colloid stability. E.S. Hepcres. Chem. 
phobic colloids (dispersions of suspensoids in water) have indi- 
cated that a positively charged colloid carries with it as it moves 
a diffuse layer of anions, the potential difference between the 
mobile and immobile parts of the diffuse layer, or zeta potential, 
is the main electrical factor in the stability of this class of colloids. 
This theory does not account for the electrical charges on some 
hydrophilic colloids, for example, proteins. Orientation polariza- 
tion of dipole molecules at the surface of the colloid particle may 
be the principal factor in the stability of organosols. The in- 
fluence of solvation is undoubtedly important in making some of 
these systems stable. E.R. W. 

Supersaturation control attains close crystal sizing. F. 
JEREMIASSEN AND H. SvANoE. Chem. & Met. Eng., 39, 594-6 
(Nov., 1932).—Crystallization as a means of removing a dissolved 
substance from solution is an important unit operation in many 
chemical processes. The efficiency of this operation determines 
the purity as well as the size and shape of the finished product 
and is of great importance in the heat economy of the plant. 

The factors of prime importance in the design of equipment 
for controlled crystallization may be summarized as follows. (1) 
The solution must not be supersaturated beyond its metastable 
limit. It is only when this limit is exceeded that precipitation of 
salt on the walls of the apparatus and an uncontrollable forma- 
tion of nuclei occur. (2) To prevent excessive supersaturation 
and still render Possible a high rate of production, a large total 
crystal surface is required and its efficient utilization must be 
secured by exposing the crystals to fresh solution supersaturated 
to the minimum degree. (3) The crystals must be kept in con- 
stant motion to prevent their growing together, but this motion 
must not be so violent that too large a number of new crystals 
will be formed by attrition. (4) In order to secure even crystal 
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size the formation of new crystals or nuclei should equal the 
number of full-grown crystals produced and removed. 

In the opinion of the authors the Oslo crystallizer is the first to 
apply fully the known laws of crystallization. J. W. H. 

Chemical engineering problems in hardwood distillation. 
R.S. McBrwwe. Chem. & Met. Eng., 39, 604-8 (Nov., 1932).— 
One of a series of articles on problems of wood distillation. A 
number of plants have been visited and the most satisfactory 
methods which have been used to solve plant problems of general 
interest are reported. a. WB 

Inductive electrical heating in chemical plants. R.D.CENTER. 
Chem. & Met. Eng., 39, 617-9 (Nov., 1932).—The principle of 
inductive heating is that of a step-down transformer where a 
current in one coil generates, by magnetic action, an electrical 
current in another coil. In a heating system, however, the 
second coil is omitted and the primary coil is wound around the 
outside of the vessel wall, and the latter then becomes a com- 
bined core and one-turn secondary coil. Alternating current in 
the coil surrounding the vessel wall sets up a magnetic flux or 
field in the latter which causes hysteresis and induces eddy cur- 
rents. When these currents are great enough to be seriously 
resisted by the area of iron of the wall, the latter will be heated 
to a high temperature and will, in turn, heat the contents of the 
vessel. The heating is done only by induced currents in the 
vessel walls. 

The merits of this system are ease and speed of operation, 
simplicity of construction, small space required, absence of 
auxiliary equipment, and the lessening or even elimination of fire 
hazard. J. W. H. 

Alkyd resins in industry. T.H.K1ENLE ANnp C. S. FERGUSON. 
Chem. & Met. Eng., 39, 599-600 (Nov., 1932).—The three 
classes of alkyd resins are: (1) heat-non-convertible, prepared 
from dihydric alcohols and dibasic acids; (2) heat-convertible, 
prepared from polyhydric alcohols with three or more OH groups 
and polybasic acids; (3) element-convertible resins which result 
when unsaturated acids or alcohols are used as modifying agents 
or as an integral part of the resin. These resins can all be pre- 
pared in forms ranging from soft balsams to hard, brittle types 
similar to common rosin, as well as permanently flexible resins. 

Their characteristics are durability, heat resistance, oil resis- 
tance, acid resistance, ultra-violet resistance, high dielectric 
strength, non-tacking properties, adhesive properties (when 
fused or semi-fused), and decomposition without appreciable 
gumming at high temperatures. 

The heat-convertible type can be cast into rods or sheets and 
made into such articles as jewelry, penholders, and pencils. They 
are also used as cementing agents in making both flexible and 
rigid mica products, asbestos products, lacquer cements, and cold- 
molded compounds for foundry cores and insulating material. 
The flexible resins are used for printing rolls and oil-proof gaskets. 
Resins are being used in practically every type of finishing with 
great success. if. We. ER. 

Uses of phenolic laminated and plastic molded products. 
H. M. Ricuarpson. Chem. & Met. Eng., 39, 597-8 (Nov., 
1932).—The outstanding characteristics of a group of products 
known as “‘plastics” are: (1) relative inertness to corrosion and 
other chemical action, (2) structural strength, (3) resilience to 
absorb mechanical shocks, (4) low density compared to other 
structural materials, (5) electrical insulation value, (6) low heat 
conductivity, and (7) versatility of form. 

They are classified as: (1) laminated, using synthetic resin 
binder of phenol-formaldehyde type in combination with cotton 
and asbestos cloth, rag, Kraft and asbestos, and other fillers; 
(2) hot molded, using synthetic resin binder, including wood 
flour, cotton fiber, and asbestos fillers; (3) cold molded with or- 
ganic binder; (4) cold molded with inorganic binder. 

They have a wide diversity of uses. J: We. 

A survey of the plastic industry. H. V. Potter. Chem. & 
Ind., 51, 869-75 (Oct. 21, 1932).—The methods of preparation 
and the uses of the chief plastics are briefly discussed. Among 
others the following are included: celluloid, viscose, cellulose 
acetate, casein, natural resin plastics, and synthetic resins. 

E.R. W. 

Leatherboard may absorb all leather scrap. C. D. INGERSOLL. 
Chem. & Met. Eng., 39, 614-5 (Nov., 1932).—It has always 
been one of the regrets of the leather industry that animals do 
not furnish hides uniform in shape, thickness, and texture. 

The most general method of waste utilization is to reduce 
scrap leather and paper stock in a beater to a pulp; the leather 
“nubs” are separated out and the stock reduced to approximately 
1% consistency. The sheet is then formed on a wet wheel, the 
boards dried, rolled, and trimmed. Modifications of this 
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process employ a hydraulic press or vacuum cylinder to form the 
boards. 

The United States produces 8500 to 12,000 tons of leather- 
board annually with about 50,000 tons of leather waste avail- 
able, making this a very attractive field for future expansion. 


j. W. B. 
Fluid fuels today and tomorrow. A. E. Dunstan. Chem. & 
Ind., 51, 822-31, 846-55 (Oct. 7-14, 1932).—The second jubilee 
memorial lecture of the Society of Chemical Industry. Fuel is as 
important as food, and liquid fuel is very important in the main 
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organs of defense. A large supply of fuel oil is advocated. This 
could be cracked or hydrogenated as needed. Research on the. 
preparation of light hydrocarbons by hydrogenation of tar and 
coal must be encouraged. E.R. W. 

A new rapid method for the determination of moisture in 
flour and other finely divided materials. E. A. FISHER AND 
J. THomuinson. Chem. & Ind., 51, 355T-58T (Oct. 14, 1932).— 
The method described is based on determining the loss of weight 
which occurs as calcium carbide reacts with the moisture, liberat- 
ing acetylene which is allowed to escape. E.R. W. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Progress report in the field of organic chemistry. 1929-1931. 
III. Isocyclic series. E. MUiier. Z. angew. Chem., 45, 
685-97 (Oct. 29, 1932)—I. Alicyclic Compounds: (a) ring 
systems up to five-membered rings; (5) cyclo-hexane series— 
hydrocarbons, oxy- and oxo-compounds, acids; (c) ring systems 
containing more than five members, syntheses of dienes. II. 
Aromatic Compounds: (a) monophenyl compounds—general 
properties, hydrocarbons, substitution processes, oxy-compounds, 
oxo-compounds, oxy-oxo-compounds, thio compounds, acids, 
nitrogen monophenyl compounds; (b) polyphenyl compounds— 


diphenyls and polyphenyls, polyphenyl alkylenes; (c) condensed 
systems—naphthalene and acenaphthene groups, dinaphthalene, 
anthracene derivatives, fluoranthene, phenanthrene group; (d) 
more complex condensed ring systems—dibenzanthracene, 
pentacene, dibenzanthrone, benzopolymethylene compounds, 
chrysene, rubrene, perylene. 172 references are listed. L. S. 
The most important improvements in the inorganic industry 
made in the years 1927-1931. See this title, p. 122. 
Eddington’s theory of the electron. See this title, p. 121. 
Electrical factors of colloid stability. See this title, p. 122. 


HISTORICAL AND BIOGRAPHICAL 


Ernest Solvay (April 16, 1838-May 26, 1932). ANON. 
Nature, 130, 657 (Oct. 29, 1932)—On October 16, 1932, at 
Brussels, a monument to Ernest Solvay, the eminent chemist, 
philanthropist, and publicist, was unveiled. 

Nicolas Le Blanc (1753-1806) had devised the first successful 
process for manufacturing artificial sodium carbonate, though 
he himself reaped no benefits from the discovery. 

In 1863 the yearly world production of soda was about 300,000 
tons. This same year Solvay took out his patent, and, by 1914, 
the various plants throughout the world were capable of produc- 
ing 2,000,000 tons of soda ash a year. F..B. D. 

[Antique Egyptian axe.] Anon. Nature, 130, 625-6 (Oct. 22, 
1932).—In a letter to Nature, Mr. H. C. H. Carpenter, of the 
Royal School of Mines, South Kensington, London, describes an 
Egyptian axe of great antiquity, which dates roughly from about 
4000 B.C. It weighs 3 lb., 7 oz., and showed a Brinell hardness 
from 63 to 85 near the cutting edge. Analysis gave the follow- 
ing composition: Cu 97.35%; Ni 1.28%; and As 0.49%; 
with only traces of tin. At this period bronze was unknown 
in Egypt. The examination of the axe showed that 6000 years 
ago the Egyptians were casting, heat-treating, and cold-working 
alloys of this type. F. B.D, 

Laboratory, 5, 70 (1932)—The Gaper, 


The Gaper. ANON. 


an open-mouthed effigy carved from wood, was formerly used as 
the symbol of the chemist’s shop in Holland. Ee. 2.8. 
The evolution of weights. Anon. Laboratory, 5, 54-7 
(1932).—The oldest weight in existence is the four thousand year 
old weight of Dudu, the High Priest of the God Niu-girsu. Men 
of succeeding ages have developed their own, often confusing, 
systems of weights, but no attempt was made at standardization 
until the International Bureau of Weights was established in 
1875. bs A a 
Absolute temperature. ‘‘A classic of science.’’ Sci. News 
Letter, 22, 310-1 (Nov. 12, 1932).—In this classic of science by 
William Thompson first published in the Cambridge Philosophical 
Proceedings in 1848, the author undertakes to answer the question, 
“Ts there any principle on which an absolute thermometric scale 
can be founded?” By the aid of Carnot’s cycle and the use of 
experimental data obtained by Regnault, he showed “that a 
unit of heat descending from a body, A, at the temperature, 7, 
of this scale to a body B at the temperature 7, would give out 
the same mechanical effect whatever the number 7. This may 
be justly termed an absolute scale, since its characteristics are 
quite independent of the physical properties of any specific sub- 
stance.” Be. Ey. 
Chemistry at Vassar. See this title, p. 124. 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Who are the good teachers? L. P. Srec. Sch. & Soc., 36, 
481-5 (Oct. 15, 19382).—The teacher should be a counselor, a 
friend, and a task-master if necessary. He should have a strong 
character and a pleasing personality. 

It is not as easy to rate one in the teaching profession as in the 
business world where one’s success depends largely on his profit 
to his business. Dr. Sieg, however, discusses a few qualities 
which he believes every good teacher should possess: a knowledge 
not only of his own subject, but of related subjects as well; his 
ability to inspire the students; a kindly and considerate nature; 
loyalty to his institution; the faculty to make his subject interest- 
ing; readiness to be a good listener; an orderly manner; power 
to discipline if necessary; and a capacity to realize his short- 
comings. K. S. H. 

Who shall judge the teacher? A. E.KNEPLER. Sch. & Soc., 
36, 661-2 (Nov. 19, 1932).—Continuing from where Dr. Sieg 
left off in his article (Sch. & Soc., Oct. 15, see preceding ab- 
stract), the writer says that no one is better fitted to judge the 
teacher than the student. He disagrees with the statement, so 
frequently made, that the student’s judgment is biased. A 
student soon learns whether or not his professor is the master of 
his subject, or whether he is more interested in the research for 
his doctor’s thesis than in his classroom work. 

A teacher-rating scale to be used by the students would provide 
the teacher with an opportunity of checking up on himself early 
in the year; then a final grading by the students would go directly 
to the administration. These results would be kept secret, 
but the teachers would be counseled where necessary. Such a 
system, within a couple of years, would furnish the authorities 


with a pretty fair idea of whether or not a teacher was com- 
petent or improving and provide a means of eliminating the 
incompetent ones. This suggested means of raising the quality 
of college teaching might, with some modification, be used to 
advantage in the high school. K.. SE. 
Courses in careers. R.Hoppocx. J. Higher Educ., 3, 365 
(Oct., 1932).—The National Vocational Guidance Association 
recently compiled the catalog descriptions of courses designed to 
aid college students in choosing a career. Eighteen are repro- 
duced in the article. G. H. W. 
Possibilities of visual-sensory aids in education. C.F. Hopson. 
Educ. Screen, 11, 198-9, 202 (Sept., 1932) —The author contends 
that “‘the cure for verbalism lies in the effective use of visual- 
sensory aids. The effective use of visual-sensory aids in instruc- 
tion requires preparation on the part of the teachers so that they 
may know these tools of teaching, where to get them and how to 
use them.” Visual aids are listed as: apparatus and equip- 
ment, school journeys or field trips, object-specimens, models, 
and pictorial materials such as stereographs, slides, and films. A 
careful study of over one hundred investigations of the value of 
visual-sensory aids “‘reveals reliable testimony that the proper use 
of visual sensory materials: increases initial learning, effects an 
economy of time in learning, increases permanence of learning, 
aids in teaching backward children, motivates learning by in- 
creasing interest, attention, self-activity, voluntary reading, and 
classroom participation.’”’ The author gives particular stress to 
the school journey or field trip and the use of objects—specimens, 
models, and museum lessons. Likewise he points out and strongly 
emphasizes the importance of special training of teachers in 
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the utilization of visual-sensory aids if they are to be effective 
in the learning process. A curriculum is proposed consisting 
of: research, historical background, psychological aspects and 
verbalism, projectors and projection, school journeys, object- 
specimens—models and museum procedure, pictorial materials, 
photography, blackboard and bulletin-board technic, administer- 
ing and budgeting visual materials, radio-vision and bibliography. 
By Roe: 


Facts on school costs. Symposium. Research Bull. Nat. 
Educ. Assoc., 10, 203-6 (Nov., 1932).—The Bulletin discusses 
the following points: (1) the need for facts on public school 





Science objectives at the junior-and-senior high-school 
level. G. W. HUNTER AND R. Knapp. Sct. Edyc., 16, 407-16 
(Oct., 1932).—The authors report the result of a! questionnaire 
study whose purpose was to determine what objectives junior 
high-school science teachers, senior high-school science teachers, 
and members of the National Association for Research in Science 
Teaching considered to be important. Replies were received 
from 393 schools. Objectives were classified under twenty-seven 
headings. Comparisons are made of the relative emphasis by 
members of the above three groups. Several interesting dif- 
ferences in points of emphasis are indicated. Ces 
A critical summary of the research on the lecture-demonstra- 
tion versus the individual-laboratory method of teaching high- 
school chemistry. D. B. Sturr anp M. D. ENGLEHART. Sct. 
Educ., 16, 380-91 (Oct., 1932)—The author describes the re- 


quirements or specifications for a precise experiment on the rela- 
tive merits of the lecture-demonstration and individual-labora- 





A vision of secondary education. T.H. Briccs. Teachers’ 
Coll. Record, 34, 1-17 (Oct., 1932).—In this address at the 
Teachers’ College Conference on Secondary Education the author 
lists the following important facts on which a vision of secondary 
education may be based: (1) at no time, from the beginning to 
the present, has there been fundamental thinking that has ma- 
terially affected secondary education; (2) although there is much 
vague dissatisfaction today with our secondary education, it .is 
not too much to say that by and large there is a stifling satisfaction 
with tradition; (3) the American people have in education a 
transcendent faith; (4) this fetish happily reached its zenith coin- 
cident with economic prosperity and rapid multiple changes in 
all forms of modern life; (5) when one considers the diversity of 
our magnificent country, including Alaska and the far-flung de- 
pendencies, it is remarkable that secondary schools are so stand- 
ardized; (6) advances have been made in secondary education 
itself as well as with its machinery; (7) the enrolment in secon- 
dary schools, as compared with foreign secondary schools, is stu- 
pendous; (8) the facts of individual differences, whether caused 
by inheritance or environment, are better known than provided 
for by a diversified program; (9) beginning with the century, 
psychology has been remade; (10) for various reasons, many 
teachers have lost faith in the efficacy of the subject they profess 
to teach; (11) secondary pupils understand, learn, retain, and 
use little of what the curriculum plans; (12) with the rapid de- 
velopment of the number and enrolment of secondary schools 
we have not been able to recruit and adequately train a body of 
competent teachers; (13) there is everywhere among the pro- 
fession, no less than among the public, an expectation of miracles. 
The author believes that the new secondary education will be 
based on a general recognition by the public that it is vitally 
important. Effective education cannot be divorced from large 
social aims. The new education will be more comprehensive 
than the traditional. There will be no contest, as there now is, 
between the materially utilitarian and the cultural education. 
The future will bring an extensive program of comprehensive 
planning. Teachers will be soundly trained for the responsibili- 
ties that they are expected to assume. C.me. 
The impeding college. A. G. Metvin. Sch. & Soc, 36, 
577-81 (Nov. 5, 1932).—College education has differed from 
elementary and secondary education in this country in that it 
has been, with few exceptions, a matter for private institutions. 
The traditions, scholarship, et cetera which the college must live 
up to have repeatedly checked any advance it might have made 





EDUCATIONAL MEASUREMENTS AND DATA 


THE PHILOSOPHY OF EDUCATION 


JouRNAL OF CHEMICAL EpucATION 


finance, (2) national income and public school expenditures, 
(3) national income and governmental costs, (4) national wealth 
and the value of public school property, (5) school costs and other 
governmental costs, (6) school costs and certain other expendi- 
tures, (7) recent trends in school costs. Ten tables and seven 
charts are included. C.AMie P: 
Chemistry at Vassar. M. L. Sacug. Chemist, 9, 818-24 
(Nov., 1932).—Vassar college has offered training in chemistry 
since it was first opened to students (1865). The article con- 
tains a brief description of the courses offered to all students and 
required of those who major in chemistry. E.R. W. 





tory method of teaching chemistry. These requirements are: 
(1) specification of experimental factors, (2) control of pupil 
factors, (3) control of teacher factors, (4) control of general 
school factors, (5) duration of experiment, (6) measurement of 
achievement, (7) interpretation of experimental data. The fol- 
lowing summary of conclusions is included: (1) conclusions 
contending that the laboratory method is superior, (2) conclusions 
claiming that the demonstration method is superior, (3) con- 
clusions claiming that students achieve equally well by either 
method, (4) general conclusions based on evaluation of the re- 
ported research. C. M. P. 
Doctorates conferred in the sciences by American universities, 
1931-1932. C.J. West anp C. Huy. Science, 76, 296 (Sept. 
30, 1932).—Tables are given showing the number of doctorates 
in the sciences by subjects and by universities. ¢ 3 — 
Epuc., 9, 1976-96 (Nov., 1932). 
Facts on school costs. Symposium. See this ee slag 








in response to social and scientific changes in the world about it. 

The secondary school is in need of reform, but not until the 
college ceases to dominate it will it be able to solve its problems 
and create an institution which will warrant the enormous sums 
spent upon it. Let the college carry on its work in the way in 
which it always has, but let it also cease to dictate to the sec- 
ondary schools. It is the business of the state which supports 
public instruction, and not of the colleges, to see that certain 
standards are maintained. A new type of college should be de- 
veloped which will take secondary-school students and work out 
for each a college life to meet his needs. K. $. H. 

The humanism of science. T. S. Harpinc. Progr. Educ., 
8, 472-9 (Oct., 1931).—‘‘We do not by any means use socially 
more than a minute fraction of the verifiable knowledge that we 
have and this is in part due to the fact that laymen who have 
power do not sufficiently understand science.” 

Among the reasons for this lack of lay understanding is the 
employment of an ‘‘educational technic [that] counsels the ac- 
ceptance of the stamped and certified expert—the man with 
the degree or the requisite university appointment—at the im- 
printed face value.’’ “It does little or nothing to inculcate in 
the budding scientist the humanistic idea that man is the measure 
of all things and that unless science be admixed with ethics and 
seasoned with culture it is worse than useless, because deceptively 
wrongheaded..... Science is taught today in schools and in 
colleges vocationally rather than culturally. .... Science and 
its method must be taught universally but not vocationally, 
not even so much to inform students about what is scientifically 
true at the time, but culturally and so as to enable students to 
comprehend the general, objective, unemotional, sincere, fact- 
finding, truth-loving attitude the pursuit of pure science en- 
tails.... After all, it is the method of science that is important, 
has cultural value, and is more humanistic. It consists in sweep- 
ing the mind clear of prejudices, personalities, and predilections, 
of wishes and desires, that it may apprehend facts calmly and 
unemotionally. The social value of the scientific method is 
humanistic in the extreme because it is, finally, a labor-saving 
device. The chemical structure of the sugars is very complex. 
They are curiously related to each other, however, in such a way 
that an organic chemist with a knowledge of mathematics can 
picture them structurally in most informative ways. Ulti- 
mately. he can deduce [their actions] from the general 


principles he has grasped and [so] save his labor [in the — 
tory ].” gS Og 2 i 






































FEBRUARY, 1933 


Modern pees and the first principles of science. G. B. 
Brown. Sci. Progr., 106, 256-72 (Oct., 1932).—A review of 


the historical development of the theories of modern science. 
The relationships between the various theories of matter and 
the universe are discussed and the article concludes with a half- 











The employment of chemists. Science, 76, 339 (Oct. 14, 
1932).—-The American Chemical Society has increased its efforts 
during this economic depression on behalf of chemists, by urging 
industries to retain their chemical personnel and by persuading 
other industries which heretofore had not learned the benefits to 
be derived from scientific research to take on chemists. Num- 
bers of chemists have thus been aided. G. H. W. 

Who are the good teachers? See this title, p. 123. 

Who shall judge the teacher? See this title, p. 123. 

Bargains in brains. Ind. Bull. of Arthur D. Little, Inc., 70, 
1 (Oct., 1932).—There are many highly trained and capable 
chemists, engineers, and specialists among the unemployed. The 
situation is one which affords an opportunity for securing ‘‘bar- 
gains in brains,”’ for now is the time to strengthen a staff by the 
addition of high-grade technical men. A recent report of the 
National Research Council shows that an impressive number 
have actually increased their research appropriations over those 
of 1929 with a result that they have been able to reduce costs, 
improve quality, develop new products, and increase good will. 
The Arthur D. Little, Inc., has a list of applicants for positions 
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Demand and supply of younger generation of chemists in Ger- 
many. F. Scuarr. Z. angew. Chem., 43, 615-6 (Sept. 24, 
1932).—It is estimated that by 1933 the number of unemployed 
young German chemists will have increased to 2000. At the 
present time about 250 to 300 chemical positions are available 
every year while the number of chemists that graduate is about 
500 to 600 a year. This shows that the annual supply of chem- 
ists is about twice as large as the actual demand. It is expected 
that the present unemployment in the chemical profession will 
extend into the future unless ways and means are found to de- 
crease the number of students of chemistry to a more reasonable 
figure. E... 
Chemical progress in the U. S.S. R. A. Hirscn. Chem. & 
Met. Eng., 39, 590-3 (Nov., 1932).—In the industrial program 





A banker’s viewpoint of industrial research. B. HASKELL, JR. 
Ind. Eng. Chem., 24, 953-5 (Aug., 1932).—Research is often the 
parent of industrial growth. The mere discovery and develop- 
ment of an idea is not sufficient for financial success, and large 
corporations began to see the need of continual research. Suc- 
cessful research must have for its foundation a vast accumulation 
of diversified experience, large resources, and trained judgment, 
so that the major portion of it can be conducted only by govern- 
mental agencies, endowed institutions, and large corporations. 
Industrial research should be one of the strongest factors mak- 
ing for recovery from the depression. New industries that have 
appeared or been largely developed since the last depression in- 
clude radio and radio broadcasting, sound pictures with millions 
of dollars invested in new equipment, and commercial air trans- 
portation. In chemistry we find the development of synthetic 
ammonia, alcohols, resins, plastics, rayon, chrome plating, and 
stainless steel, electrical refrigeration, and cellophane. Television 
and air-conditioning of the home are industries in the offing. 
Obsolescence of plant and equipment as the result of new dis- 
coveries will employ both labor and capital. In 1921 the recon- 
struction of obsolete plants provided an important contribution 
to the economic recovery. In some industries the machinery 
and processes in vogue forty years ago are still being used. Re- 
search in these industries should lead to improved methods and 

important reconstruction. BC. L. 
Sci. Mo., 


An apparatus for generating high voltages. ANON. 


35, 383-4 (Oct., 1932).—A description is given of an apparatus 
being built at the Massachusetts Institute of Technology, de- 
signed to generate between 15,000,000 and 20,000,000 volts. It 
is based on the same principle as the 1,500,000-volt machine now 
in use. G. W. S. 
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humorous allegory of the relative positions of the leaders in 

modern scientific thought—Einstein, J. J. Thomson, Ruther- 

ford, Eddington, Dirac, de Broglie, Heisenberg, Born, Jordan. 
B.D. F. 


The humanism of science. See this title, p. 124. 


from which they will select, without charge, chemists or chemi- 
cal engineers whose qualifications fit the requirements of such in- 
dividual employers as may request their names. G. O. 

Extra. Ind. Bull. of Arthur D. Little, Inc., 70, 3-4 (Oct., 
1932).—Today the bulk of the science news is written by special 
science editors. There are twenty-two in the U. S. maintained by 
the press associations and by leading journals. Few readers ap- 
preciate the efforts made to verify science facts; and although 
standards of science news reporting are lacking, here is a field 
now open to those individuals familiar with the exactitudes of 

“covering” science. G. O. 

Doctorates conferred in the sciences by American universities. 
See this title, p. 124. 

Courses in careers. See this title, p. 123. 

The establishment of priority in scientific discoveries. C. A. 
BROWNE. Sci., 76, 454 (Nov. 18, 1932).—Often in the history 
of science confusion has arisen over the priority of scientific dis- 
coveries due to the fact that there is no adequate way of adjust- 
ing such claims. Suggestions to alleviate this difficulty are made 
in this article. G. H. W. 






of the Soviet Union, the development of chemical industries has 
been given a prominent place with a capital investment of 
1,400,000,000 rubles under the first five-year plan—an invest- 
ment exceeded only by that of the metal and fuel industries. 

This article gives the geographical location and extent of the 
potash, apatite, phosphate, sodium sulfate, and coal deposits 
and the industries for the manufacture of fertilizers, carbide, 
cyanamide, sulfuric acid, nitric acid, superphosphate, viscose, 
coke, coke-oven by-products, ammonia and ammonium salts, 
Fd synthetic rubber, rayon, methanol, tar products, and 
yes. 

Institutes for nitrogen, leather, textiles, concrete, ceramics, 
coal, and radium are actively doing research in these fields. 
J. Wali. 






References to scientific literature. M. G. MELLON. Proc. 
Ind. Acad. Sci., 40, 57-9 (1931).—This article contains a brief 
review of the divergent practices in regard to the form of refer- 
ences of several chemical journals, and, in addition, some sug- 
gestions for a general policy to be adopted. M. W. G. 

Meaning of “antiseptic,” ‘disinfectant,’ and related words. 
A.M. Patterson. J. Public Health, 22, (May, 1932). O.R. 

The American Association for the Advancement of Science. 
C. Roos. Science, 76, 377 (Oct. 28, 1932).—The ninety-first 
meeting of the Association will be Held at Atlantic City from 
Tuesday, December 27, to Saturday, December 31. Announce- 
ment of hotel headquarters is made. G. H. W. 

Laureate explains his present work. I. LaNcMuirR. Sci. 
News Letter, 22, 319, 338 (Nov. 19, 1932).—‘‘My own research 
work has been in the field of both chemistry and physics. I 
have been especially interested in the mechanism of chemical 
reactions which take place on solid surfaces. At present I am 
engaged in working out the laws according to which atoms and 
molecules distribute themselves over surfaces forming single 
layers. ... The forces that hold atoms or molecules on the 
surfaces of solids or liquids are just as varied in their nature as 
those forces which determine the chemical and physical proper- 
ties of substances in bulk. In other words, we must recognize 
that the chemistry and physics of surface phenomena are subjects 
almost as broad and as complex as the whole field of chemistry 
and physics.... What we need particularly is a study in great 
detail and with high accuracy of a few typical simple examples of 
absorption.” 

Dr. Langmuir and Dr. J. B. Taylor are studying such a 
case in the action of cesium and oxygen while absorbed upon 
tungsten filament. Bo. BR. 
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ESSENTIALS OF COLLEGE CHEMISTRY. 
Professor of Inorganic Chemistry, 
D. C. Heath & Co., Boston, 1932. 
38 Tables. 14 X 21.5cm. $3.24. 


The author, “believing that the aims of education are best 
served when the course in elementary chemistry is intensive 
rather than extensive,”’ has endeavored to prepare an outline 
“complete, concise, and stimulating’ ... “to meet the needs 
of students who wish to secure a fairly comprehensive survey 
of modern chemistry without too great detail and without 
too many applications of industrial chemistry.”’ 

Since college texts have grown in size until in nearly every 
case they contain more material than classes can cover with a 
satisfactory degree of thoroughness, there is a real need for a 
book of this type. It is not to be expected that all teachers 
will agree on “essentials.’’ It is therefore gratifying that the 
task of boiling down to essentials should be undertaken by one 
so eminent as Professor Hopkins. 

In the first part the order of presentation is somewhat out of 
the usual; in the latter part the order in the periodic table is 
followed rather closely. The metric system follows oxygen. 
Valence and nomenclature follow hydrogen. A brief discussion of 
ionization comes early in the text under the preparation of 
hydrogen, while most of the discussion comes in the chapter 
with sodium, bases, and salts. Following sulfuric acid and in the 
same chapter standard and normal solutions are presented. 
Unlike most recent texts atomic structure has been treated clearly 
and concisely without being overdone. While the chapter on 
the periodic system is brief, one of the strongest features of the 
book is the application of the periodic law and the way in which 
the similarities of the elements are brought out wherever oppor- 
tunities for comparison are afforded. Considerable stress 
is placed on chemical equilibrium and its applications and 
the principle of Le Chatelier is presented, but the law of mass 
action is omitted. The discussion of colloids is brief—a little 
over three pages and that of radium still more so—only one short 
paragraph. 

In trying to avoid too many applications to industrial chem- 
istry the reader’s interest is not sacrificed. Numerous uses of 
the elements and compounds and numerous industrial appli- 
cations are given—in nearly all cases the property on which 
these are based being brought out. Numerous small graphic 
charts showing the uses of the elements and compounds and the 
percentage of production absorbed by each is one of the striking 
features of the book. 

A number of thought-provoking questions and a list of well 
selected references are placed at the end of each chapter. 

To a large extent the author has fulfilled his purpose, but if 
the student attains the degree of thoroughness desired con- 
siderable supplementary drill work in equations, problems, etc., 
will have to be supplied by the instructor. 

G. H. WHITEFORD 


THE COLORADO AGRICULTURAL COLLEGE 
Fort Cottiins, Coro. 


THE ELDER PLINy’s CHAPTERS ON CHEMICAL SUBJECTS. PART 
II. Edited, with Translation and Notes, by Kenneth C. 
Bailey, M.A., Se.D., Litt.D. (Dublin), Fellow of Trinity 
College, Dublin. Edward Arnold & Co., London, 1932. 299 
pp. 24 X 15.5 cm. Price: 15 shillings. (Sold in the 
U. S. A. by Longmans, Green & Co., New York, $5.00.) 


Part I of this work (249 pages, 12s. 6d., 1929) has not been 
reviewed in the JoURNAL OF CHEMICAL EpucaTION. The work 
is now complete in two volumes and contains the text and a new 
English translation of all of those portions of Pliny’s Natural 
History which relate to chemistry, together with critical notes, 
adequate indexes, etc., the whole done in a manner to take 


advantage of the most recent advances in the study of the history 
of chemistry. The work thus constitutes an up-to-date source 
book of Roman chemical knowledge and practice. 

The work contains an amazing amount of sound information, 
and is exceedingly interesting reading. It ought to be read 
with humility. If one commences to read Pliny cocksure that 
the ancients knew but little of chemistry, he will put down the 
book after having had humility conferred upon him—or he will 
be one greatly lacking in the capacity for being humiliated. 

This is the sort of book that tempts a reviewer to the writing of 
an essay. Consider Pliny, portly, wealthy, friend and adviser 
of the Emperor Vespasian, author of the only encyclopedia of 
science which has ever been written, of works on history, linguis- 
tics, on “The Art of Using a Javelin on Horseback,” and on 
other subjects, Admiral of the Roman Fleet, ‘‘a bookworm and a 
pedant, but a lovable pedant and a fearless and honorable 
gentleman,”’ killed in the year 79 A.D. by an eruption of Vesuvius 
which he had come to observe, killed because he stayed too long 
in order to help others who had been overtaken by the catas- 
trophe. He knew innumerable things, he knew how to write, 
he knew how to digress—and by digressions how to hold the 
interest of the reader. The present book contains an account 
of the preparation, properties, and use of copper and bronze, 
copper ores, lead, tin, cadmia (zinc oxide), verdigris, brass, 
copper oxide, iron, magnets, iron scale, litharge, minium, 
white lead, pigments, ink, indigo, sand, flint, chalk, bricks, white- 
wash, marble, structural stone, pyrite, pumice, lime, glass, and 
of many other things. And among all this it contains much of 


Pliny, as the following examples indicate 
“With iron we plough the earth, plant trees, prune orchards, 
compel the vines to put forth young shoots by pruning away each 


year the withered growth, build houses, quarry rocks, and ac- 
complish every other useful purpose. But iron is also the 
minister of war, murder, and robbery, not merely as a weapon 
at close quarters, but forged for swift flight, now hurled by an 
engine, now winged, by the most infamous cunning devised by 
the human mind, for, to bring death more speedily to our fellow- 
man, we have given wings to iron and taught it to fly. Let the 
blame for such a death be brought home to man, and not to 

The foe of iron is the customary benevolence of 
nature which exacts from it this penalty, that it must needs rust 
and, with equal foresight, decrees that that which inflicts most 
loss on short-lived humanity shall be of all materials the most 
short-lived 

“The finest portion of the Nile sand is employed in a way not 
altogether different from the dust of Puteoli, not indeed to with- 
stand the sea and break the force of the waves, but to subdue 
the bodies of men in the toil of the wrestling school Iam 
loath to dilate further either on this subject or, by Hercules, 
on the use of earths in wrestlers’ ointments, which assist our 
young men to develop their physical strength at the expense of 
their mental vigor. 

“At the conclusion of our survey of the ways in which human 
intelligence calls art to its aid in counterfeiting nature, we cannot 
but marvel at the fact that fire is necessary for almost every opera- 
tion. It takes the sands of the earth and melts them, now into 
glass, now into silver, or minium, or one or other lead, or some 
substance useful to the painter or the physician. By fire minerals 
are disintegrated and copper produced: in fire is iron born, and 
by fire is it subdued: by fire gold is purified: by fire stones are 
burned for the binding together of the walls of houses. 

Fire is the immeasurable, uncontrollable element, concerning 
which it is hard to say whether it consumes more or produces 
more.”’ ; 

TENNEY L. Davis 


Mass. Inst. OF TECHNOLOGY 
CAMBRIDGE, Mass. 
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CoRNELIS DREBBEL (1572-1633). 
sterdam, 1932. vii + 124 pp. 
em. $1.20. 


This is a biography of a great inventor who failed to be a great 
scientist because he was not independently wealthy (like Robert 
Boyle and Christiaan Huygens). Like other inventors and 
artists of his day he was largely dependent upon the favor of 
princes, and was obliged to do everything in his power to main- 
tain his position at court. He was forced to wrap his inventions 
in secrecy and to say very little about his theories. 

Drebbel studied the effect of pressure and temperature on the 
volume of air, and in 1598 took out a patent for an automatic 
pump and for a clock which did not need winding—both of them 
being operated by the variations in the volume of a confined 
quantity of air. In 1600 he built a fountain at Middleburg which 
operated on the same principle; in 1605 while in England he built 
his perpetuum mobile for James I at Eltham; and in 1610 while 
in Bohemia he built another fountain for Rudolf II at Prague. 
The perpetuum mobile in its simplest form consisted of a glass 
bulb attached to a spiral of glass tubing in which there was a 
small quantity of liquid. The gas in the bulb, expanding by day 
and contracting by night, produced an ebb and flow of the liquid 
in the spiral tube. There is some evidence which indicates that 
Drebbel perhaps filled his bulb with oxygen gas procured by the 
heating of saltpeter. On the same principle he constructed self- 
registering ovens and incubators for the hatching of chicks. 
He was expert in the manufacture, blowing, and grinding of 
glass, and invented an ingenious machine for the grinding of 
lenses. His camera obscura attracted much attention from artists 
and savants. He is credited with the invention of the microscope 
with two convex lenses. 

Drebbel won much fame with his submarine or diving-boat in 
which he went under water down the Thames for a considerable 
distance in the presence of James I and his court. The boat 
had no bottom and was constructed on the principle of the diving 
bell. He measured his depth under water by means of a mercury 
barometer, steered by means of a compass, and renewed the 
goodness of the air confined in the boat by the use of a gas made 
from saltpeter, “broken up by the power of fire and so changed 
in the nature of air.’ He believed that air is made up of two 
component parts, the quintessence (oxygen), fit for respiration, 
and the carcass (nitrogen), unfit for respiration. 

Soon after his arrival at the English court, Drebbel helped to 
arrange a fireworks display. Later he devoted himself to the 
preparation of fulminating gold, a substance which he possibly 
discovered, which he used in 1628 before La Rochelle as a deto- 
nator in his petardsand torpedoes. He was the first to use tin salt 
as a mordant in dyeing with cochineal. After his dismissal from 
the British Navy in 1629, he lived in poverty in London—and 
died in the Parish of Trinity in 1633. 

The book is handsomely printed and illustrated, and is at- 
tractively bound in heavy paper. Its price seems low. There is 
place for the book in libraries of science and in libraries of the 
humanities—and in collections of popular works on science which 
are brought together for the purpose of stimulating the interest 
of high-school students. TENNEY L. Davis 


Mass. Inst. oF TECHNOLOGY 
CAMBRIDGE, MAss. 


THE SANITATION OF WATER Suppiies. Murray P. Horwood, 
Ph.D., Associate Professor of the Department of Biology and 
Public Health, Massachusetts Institute of Technology. 
Charles C. Thomas, Springfield, Ill., 1932. xi + 181 pp. 
26 Figs. 15 X 23cm. $3.00 postpaid. 


The preface states that ‘‘The book is designed as a text for 
students in municipal sanitation and public health, where the 
subject of water supplies represents an essential item for con- 
sideration.” . . . ““Needless to say, available sources of informa- 
tion on all phases of the water supply problem, including 
textbooks and journals, have been freely consulted. Specific 
acknowledgment has been made, however, only where direct 
quotations from published papers or texts have been employed.” 
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The book contains in general the standard material on the topics 
that are discussed. The chapter headings are: The rise of 
municipal sanitation and public health; Development of munici- 
pal water supplies; Sources, uses, and consumption of water; 
Requirements of a potable water supply; Water as a vehicle 
of disease; The purification and improvement of water supplies; 
Water softening; Slow sand filtration; Rapid sand filtration; 
and The disinfection of public water supplies. 

There are very few errors and these are mainly statements 
and implications that were correct ten or fifteen years ago. 
The statement in the preface with regard to other publications 
indicates the main defect of the book. There are only 24 footnote 
references in the 172 pages of text. Nearly all of these are in- 
complete as to either page number, date, author’s initials, or 
some other feature that should be given to make the reference 
easily used. There is little to guide a reader to additional 
material on the different topics except for the “partial list of 
sources of information on water supplies and water purification”’ 
on pages 173 and 174. The list of textbooks does not give names 
of publishers or dates, nor always the correct name of the book. 
Some of the books are recent and generally recognized as re- 
liable; some were published over fifteen years ago, have been 
out of print for some time, and are not likely to be revised; 
some have been reported in published reviews as being so full 
of errors as to be worse than useless. The list of ‘“‘journals’’ 
is slightly inaccurate as to some titles and gives no publication 
addresses, but is a safer list of sources. 

The book is very well printed and the illustrations are mainly 
from excellent photographs. 

W. D. CoLiins 


U. S. GEOLOGICAL SURVEY 
WASHINGTON, D. C. 


APPLIED CoLLoip CHeEMistRY. Wilder D. Bancroft, World 
War Memorial Professor of Physical Chemistry at Cornell 


University. Third edition. McGraw-Hill Book Co., Inc., 
New York and London, 1932. ix + 544 pp. 24 Figs. 14 X 
20.5cm, $4.00. 


This edition of Professor Bancroft’s well-known book appears 
eleven years after the first edition. [For review of the second 
edition of this book see J. CHem. Epuc., 3, 1350 (Nov., 1926).] 
The arrangement of subject matter is much the same as in the 
two previous works but there is incorporation of new material 
throughout the entire book. The chapter headings are as 
follows: adsorption of gas or vapor by solid; chemical reactions; 
adsorption of vapor by liquid and of liquid and solid by solid 
and liquid; adsorption from solution; surface tension—Brownian 
movements; coalescence; preparation of colloidal solutions; 
properties of colloidal solutions; stability of colloidal solutions; 
gelatinous precipitates and jellies; emulsions and foams; non- 
aqueous colloidal solutions; fog; smoke; gases and solids in 
solids; thickness of surface films. In this edition the literature 
references, which appeared as footnotes in the previous editions, 
have all been collected in a single Section at the back of the 
book and there they are arranged in alphabetical order by authors. 

The book, as stated by the author, was written ‘‘for those 
who are interested in colloid chemistry as chemistry rather than 
as mathematical physics.”” In this the author has succeeded 
beyond expectations. Here is collected, in a systematic fashion, 
the vast amount of knowledge about colloids which exists today. 
Professor Bancroft presents this information in such a simple 
yet stimulating fashion that the book is entertaining as well as 
readable. On almost every page one finds something that 
excites his curiosity. In fact so many research problems are 
suggested directly or indirectly that one might almost consider 
this work a source book for new research ideas. Probably no 
other author in the field of colloid chemistry has such a wide 
general knowledge of the subject coupled with the ability to 
present it in so concise, yet stimulating, a manner. 

This book may certainly be said to fulfil the author’s purpose 
in writing it. In the field of chemical education this volume 
should find an important place as a reference work. It is doubtful 
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that, as a textbook, it will find widespread use and it is not 
likely that it was intended as such. However, the third edition 
has been brought up to date with references to work which was 
published as late as the first months of 1932. As a result this 
edition may be expected to occupy the same high place in the 
esteem of those chemists interested in the fields of colloid chem- 
istry as did the previous editions. 
L. H. REYERSON 


UNIVERSITY OF MINNESOTA 
MINNEAPOLIS, MINN. 


George L. Clark, Professor of Chemistry, 
Second edition. McGraw-Hill Book 
xiv + 470 pp. 239 Figs. 


APPLIED X-Rays. 
University of Illinois. 
Co., Inc., New York City, 1932. 
15 X 28cm. $5.00. 


The first edition of this book was intended by its author as a 
missionary, telling of the uses to which X-rays could be put. 
It fulfilled that purpose admirably. Now that the pioneer 
missionary work has been so successfully done, the author is 
justified in feeling that the need at present is for an elementary 
textbook on the subject. The second edition of ‘Applied 
X-Rays” is therefore really a new book, not merely a revision. 
It is divided into two sections. The first, consisting of 170 
pages, deals with the physics of X-rays, X-ray tubes and circuits, 
radiography, and the more physical applications of X-rays in 
chemistry and biology. The second section, consisting of 291 
pages, deals with the use of X-rays in crystal analysis. The 
first part of this section reviews briefly the necessary basic 
knowledge of crystallography, and the diffraction of X-rays by 
crystals. This is followed by an outline of the experimental 
methods of crystal analysis and the interpretation of the diffrac- 
tion data. The rest of the second section of the book is devoted 
to a series of résumés of the results of crystal analysis. These 
results are classified as follows: crystal structure data for ele- 
ments and inorganic compounds, generalizations in inorganic 


chemistry, structure of alloys, structure of organic compounds, 
grain size, orientation, industrial metallurgical-problems, liquids 
and colloids, and polymerized organic materials. 

The result is a book well adapted to college seniors who have 
had a good basic training in physics and chemistry, and in 


physical chemistry and chemical physics. It could be used 
successfully in classes composed of seniors in the standard college 
curricula in physics, physical chemistry and chemical physics, 
or metallurgy. It is not intended to be of graduate student 
grade, but graduate students ought to buy it and use it for private 
introductory reading in preparation for a graduate course in 
crystal structure and its applications. 

All teachers of chemistry and metallurgy will find it a valuable 
addition to their private libraries. It is safe to say that those 
teachers who read this book will show the effects in their lectures 
to their students. 

WHEELER P. DAvEY 
THE PENNSYLVANIA STATE COLLEGE 
STATE COLLEGE, PA. 


MISCELLANEOUS PUBLICATIONS 


ONE THOUSAND AND ONE. THE BLUE BooK oF NON-THE- 
ATRICAL Fitms. Nelson L. Green, Chairman of the editors. 
Ninth edition. The Educational Screen, Inc., 64 East Lake 
Street, Chicago, IIl., November, 1932. 128 pp. 10.75 X 18 
cm. To subscribers of The Educational Screen, $0.25; to the 
general public, $0.75. 


Available non-theatrical films, both 16- and 35-mm., are 
arranged according to a classified subject index. Information 
concerning the title, number of reels, brief review and comment, 
name of distributor, and size are given for each film. 


A SURVEY OF PROPOSED UNITS FOR MEASURING SERVICE LOADS 
IN INSTITUTIONS OF HIGHER LEARNING. Schiler Scroggs, 
Director, Administrative Research and Admissions, Okla- 
homa A. and M. College. Published by the College, Still- 
water, Okla., Oct., 1982. 24 pp. 15 X 21.5 cm. 


The proposed service-load units are discussed under the 
three headings: (a) simple measures of load; (0) units derived 
by multiplying together two simple measures of load; (c) units 
derived by more or less complex statistical processes. 


ENGINEERING. A CAREER; A CULTURE. The Engineering 
Foundation, 29 West 39th St., New York City, 1932. 61 pp. 
15 X 23cm. $0.15. 


The contents and objectives of this pamphlet are clearly 
stated in the foreword: 


This pamphlet, addressed to young men and to parents and teachers, 
is descriptive of the profession of engineering—of its spheres of action, 
of the training and the qualities required for its successful pursuit; of the 
obligations which it imposes, and the rewards which it affords. The prac- 
tical usefulness of an engineering education in vocations other than engi- 
neering is illustrated by the experiences of many men in diverse callings. 
Contrary to common opinion, engineering education possesses cultural 
values comparable to those which inhere in the fine arts. The significance 
of engineering is made clear in order to aid a young man in deciding whether 
through this profession he can realize his ideals and ambitions. 


The text has been prepared by the Education Research Com- 
mittee of The Engineering Foundation, with the codperation of 
the following societies: American Society of Civil Engineers, 
American Institute of Mining and Metallurgical Engineers, 
The American Society of Mechanical Engineers, American 
Institute of Electrical Engineers, American Institute of Chemical 
Engineers, and Society for the Promotion of Engineering Educa- 


tion. 


INSTITUTIONS OF HIGHER EDUCATION IN SWEDEN. Alina M. 
Lindgren, Specialist in Western European School Systems, 
Office of Education, U. S. Dept. of Interior. Pamphlet No. 
32, July, 1932. U.S. Government Printing Office, Washing- 
ton, D. C., 1932. (For sale by the Superintendent of Docu- 
ments, Washington, D.C.) 45 pp. 15 X 23cm. $0.10. 








March 13, 1733— 


—February 6, 1804 


Another portrait of Joseph Priestley has been added to the long list depicting the personality of this versatile man. The new por- 
trait is the work of Miss Margaret Fitzhugh Browne, internationally known as an artist who portrays accurately and effectively the 
personalities of great men. * * * This portrait of Priestley is one of a series of distinguished scientists gnd engineers which Miss 
Browne is painting under the patronage of Mr. and Mrs. Henry A. Wise Wood of New York. Four of the portraits have been com- 
pleted and were recently (October 25, 1932) presented to the Massachusetts Institute of Technology, Cambridge, Mass., which was 
selected by the donors as the most suitable place for this collection of portraits. * * * The chief purpose of the patrons is to give 
young men a clear conception of the personality of leaders in the scientific world whose work emphasizes the cultural as well as the 
technical factor in education. * * * Miss Browne chose the Gilbert Stuart portrait as a foundation. An original and striking part of 
the new portrait, not found in any other portrait of Priestley, is a collection of apparatus arranged on a shelf in the lower foreground, 
somewhat as apparatus is placed on a laboratory work bench. She has faithfully reproduced typical apparatus actually used by 
Priestley in his famous experiments on gases_Here we see a pneumatic trough (center) which he devised for collecting gases so they 
could be examined at will, various tubes and jars for studying the effect of different gases on plants and small animals (particularly 
mice), and a large double lens (left) like the one he used as a source of heat in the discovery of oxygen. * * * The original painting 
by Stuart was made between 1794 and 1800 at the request of the American Philosophical Society of Philadelphia. It was soon after- 
ward taken to Scotland and finished by Artaud in 1812, who, according to acceptable authority, made three full-size copies. One 
copy was obtained by Priestley’s son and it is now among the memorabilia at the Priestley homestead in Northumberland, Pa. Stuart 
depicted Priestley in the dress of that period—no wig, hair parted in the middle and hanging low behind, white stock, and semi-clerical 
coat. Most portraits of Priestley show him in a less clerical garb and with a more determined face. * * * Miss Browne in her por- 
trait has properly retained the clerical aspect, because Priestley’s vocation was the ministry. But she has wisely added the scientific 
aspect because Priestley’s avocation was chemistry.y—L. C. N. 

(Reproduction by courtesy of THE TECHNOLOGY REVIEW, Cambridge, Massachusetts) 





EDITOR’S OUTLOOK 


wrote us, among other things, that she had “never found it 

necessary to stoop to the level” of certain expository devices 
suggested by another teacher as useful in leading pupils to a 
clearer understanding of chemical theories. The indictment of 
the teaching expedients in question was not specific but the re- 
mainder of our correspondent’s communication left little doubt 
that the major charge was lack of dignity. As a sincere respecter 
of dignity we were led to meditate upon the subject of the criteria 
of decorum applicable to classroom analogies. 

The similes of atomic behavior which our correspondent found 
distasteful were all anthropomorphic. Yet this is not necessarily 
a characteristic which precludes dignity. ‘“‘The kingdom of 
heaven is like unto a man....” To arrive at first causes we 
must seek farther. The illustrations criticized dealt with mat- 
ters which many people would be inclined to classify as trivial. 
But so does the parable of the wise and foolish virgins. There is 
little left to examine save the language in which the analogies 
were presented. For the most part this was neither literary nor 
distinguished; several times it lapsed into slang. Yet it did not 
descend to vulgarity and it possibly had the compensating virtue 
of being more vivid and comprehensible to the audience for which 
it was intended than it would have been if recast in a statelier 
mold. 

However, we are quite sure that language was not the key to 
our correspondent’s objections. If the article she cited were 
carefully rewritten with all due regard to the best rhetorical usage 
we suspect that her general reaction to it would be much the 
same. According to her standards it would still lack dignity. 


pornege ANALOGIES. Recently a correspondent 


Certain intangibles have escaped our coarse-meshed net. 


As we examine our own conceptions of dignity we find it ex- 
tremely difficult to lay down rigid general specifications—-speci- 
fications which may be taken as definitively inclusive and exclu- 
sive. We* have an unshakable conviction that Jesus was a 
dignified personage and that the Reverend Billy Sunday is 
not. Yet it is difficult to analyze this conviction in general terms 
without raising pestiferous contradictions. If we say that Billy 
Sunday appeals chiefly to the emotions of his hearers we are 
confronted with the fact that so, also, did Jesus. ‘“‘Come unto 
me all ye that labor and are heavy-laden and I will give you 
rest’’—an emotional appeal, surely. If we criticize the language 
of Billy Sunday we are reminded that Jesus also preached in 
“the vernacular of the people.”” It is not necessary to multiply 
examples in order to create an appreciation of the difficulty we 
have mentioned. 

But this is not the only lion that stands in the way of our quest 
for the essence of dignity. Dignity, like beauty, is to some ex- 
tent in the eye of the beholder. That deportment which seems 
to us to attain the golden mean of dignity sometimes seems to 
others to wear the aspect of a stiff, ungraceful formality. A 
pawky wit which is not by our standards inconsistent with true 
dignity may seem to others to reveal a streak of clownishness. 

Have we, after all, been pursuing a will-o’-the-wisp? If so, 
we have crossed in our wanderings the trail of somewhat more 
trackable game. When we suggest that there may be some 
extenuation for the use of vivid and comprehensible language, 
even at the expense of strict propriety, what do we in fact imply? 
Surely, that it is the primary and essential function of an exposi- 
tion to expound: with reference to the special case under con- 
sideration, that a good classroom analogy is one which materially 
promotes the learning process. 

It is the first essential of an analogy that it be more readily 
understandable than the thing which it seeks to elucidate. This 
may or may not mean that it presents an intrinsically more con- 
crete conception. Classroom analogies in elementary chemistry 
often derive their comprehensibility from the fact that they 


* Editorial we 


embody familiar concepts. These may be no more concrete in 
themselves than are the classical analogies of the kinetic theory, 
for instance. To some students, however, they seem more con- 
crete because they call up definite mental pictures, whereas the 
classical analogies do not. 

It is the weakness of all analogies that they break down when 
too heavily loaded. If this were not true there would be no dif- 
ference between an analogy and an identity. In selecting analo- 
gies, therefore, it behooves us to examine their implications with 
the most scrupulous care. In practice we usually find that an 
unsatisfactory analogy is objectionable by reason of undesirable 
implications rather than because it does not imply enough. 
This is one of the reasons why anthropomorphic analogies should 
first be scrutinized and then, if accepted, presented with more 
than usual caution. It is hard to divest them of the multitudi- 
nous implications suggested by the complex pattern of human 
emotions. Many good teachers would also be inclined to hold the 
anthropomorphic analogy suspect on the ground that it is likely 
to be an accessory to, rather than a corrective of, the anthropop- 
athy common to all primitive peoples, including high-school 
students and college freshmen. 

In attempting to relate our analogies to the everyday experi- 
ence of the student we are confronted by still another problem. 
Is it good pedagogy to link them with games and amusements? 
Some teachers incline to the opinion that greater interest is thus 
aroused. To us it seems that this is questionable psychology. 
If we are not careful we may arouse interest in the side issues sug- 
gested by our analogies rather than in the subject we are seeking 
to expound. It is easy to conceive of a majority of the members 
of a class wandering off into various day-dream by-paths re- 
vealed to them by analogical detours until at the end of a lecture 
the teacher has left only a minority of followers along the high- 
way of learning. 

A similar danger is encountered in the use of humorous analo- 
gies. For some obscure physiological reason the brain does not 
seem to operate in high gear while the muscles of the face and 
diaphragm are risibly employed. Nor is humor necessarily an 
aid to memory. Ask ten people to repeat to you the last ten 
jokes they have heard. Classroom humor seems to find its most 
useful function in interludes of comic relief rather than as a direct 
aid to exposition. . 

There are perhaps other pitfalls into which the classroom anal- 
ogy can lead us. If, however, we exercise due caution with re- 
gard to those already indicated and if we apply comparable 
standards to the language in which we present our analogies, 
it is more likely than not that we shall find them displaying that 
decorum which (in Mr. Webster’s words) constitutes ‘dignity 
arising from suitableness of speech and behavior... . to the place 
and occasion.” 

[Moral: Here, boys and girls, in our own back yard, sits the 
bluebird. ] 





The plain and unassuming struc- 
ture pictured on the cover is the 
laboratory wing of the Priestley 
house at Northumberland, Pennsyl- 
vania. Much of the apparatus 
which Priestley used is permanently 
preserved in a fireproof museum 
building nearby (see p. 184). 

Photo from the collection of Dr. 
Lyman C. Newell. 

Several items pertaining to 
Priestley are published elsewhere 
in this issue in recognition of the 

bicentennial anniversary of his birth—March 13, 1733 (old style.) 
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A brief review of some of the more fundamental processes 
for obtaining pure cellulose from the raw materials is 
followed by a very short discussion of the more important 
chemical properties of the compound. Theapplication of 
cellulose to industry is discussed in three main sections: 
(a) natural cellulose fibers; (b) conversion products; 
(c) decomposition products. A brief survey of the general 
methods of conversion is followed by a discussion of the 
uses of the various products. 


+++ oot 


HISTORICAL 

ELLULOSE, the skeleton of living plant life, has 
C from time immemorial played a very important 

part in the history ofman. Asclothing, produced 
from the cotton or linen plant, it held a high place in the 
life of ancient Egyptians (1) for such clothing was sacred 
and pure as it came not from lowly animal or crawling 
worm. Its use as paper for the expression of the soaring 
fancies of the poet, the measured rhythms of the priestly 
caste, and the prosaic facts of the ancient business world 
was also known by the Egyptians who prepared their 
smooth white sheets from the papyrus plant. Only in 
imagination can we trace the use of cellulose beyond 


the dawn of history to some primitive woman, perhaps, 
who culled from some half-submerged bundle of rotting 
reeds the first long fibers of cellulose and, twisting them 
together, formed the first crude thread, the mother of 
the mighty spinning industry of today. 

Cellulose as used by the ancient peoples, however, 
all came from natural sources and for three thousand 
years the only progress made was in cultivation of such 
natural sources to produce stronger fibers more abun- 
dantly and thus more cheaply. It is in only very recent 
times that man has been able to rival the silkworm and 
spin threads, and rival the wasps in making paper (2). 
No longer must man depend upon cotton and flax for 
pure cellulose but he can grind up trees and extract 
pure cellulose from them. 

In the centuries that passed since the use of natural 
cellulose began, little progress was made until the nine- 
teenth century, in converting natural cellulose-contain- 
ing products into useful materials. No doubt the 
conversion of cotton and linen into paper forms was 
known fairly early but such conversion was probably 
done slowly and with much labor by hand. The 
natural products were improved upon by such processes 
as mercerization of cotton discovered by John Mercer 
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in 1850. The first recorded attempts to utilize raw 
vegetable products, such as wood and straw, for the 
production of paper, were successful in 1846 (3). In 
this process sodium hydroxide was used as the cooking 
reagent. The use of nitric acid for the conversion of 
raw materials to cellulose was patented by Coupier and 
Miller in 1852 (4) but has never proved a commercially 
successful process owing to the cost of the acid. 

Following closely after this came the processes using 
water alone in 1866 (4), (5), the use of hydrochloric 
acid (4), and the most important process of Tilghman 
in 1866 (4) in which was introduced the use of sulfurous 
acid as the decomposing agent. Tilghman in 1866 also 
introduced the use of bisulfite salts as decomposing 
agents and it is upon his work along these lines that the 
present successful cooking processes are based. Later 
in this discussion these various processes will be con- 
sidered in more detail. 


SOURCES 


The sources from which our modern supply of cellu- 
lose may be drawn are innumerable since every vege- 
table material contains cellulose as the skeleton of its 
structure much in the same way that animal matter 
requires bony structure to preserve its form. In spite 
of this very wide distribution of the raw material, the 
actual sources employed in industry are limited by 
certain economic and physical properties of the product. 
In general, the two main sources are the cotton plant 
and woods of different kinds. In addition to these 
there are other plants used chiefly for certain special 
purposes as, for instance, the flax for linen; jute, hemp, 
manilia, aloe, and other monocotyledon plants for 
ropes and twines; straw and wood are used in hat- 
making; and rags, textile wastes, straw, bagasse, etc., 
are used for paper and wallboard of different types. 

In the case of the cotton plant, as is well known, the 
useful part is the boll. The bolls are picked when ripe 
and are subjected to a process called ‘‘ginning”’ by which 
the long cotton fibers are removed from the seeds. 
These long fibers are simply cooked with dilute caustic 
soda to remove the natural fats and oils, washed, and, 
if necessary, bleached and are then ready for use in the 
textile industry. On the seeds is left a quantity of very 
short fibers known as the “seed hairs” which recent 
developments in the industry have enabled us to recover 
by the aid of a machine known as the “‘saw gin” which 
strips these hairs from the seeds and makes them avail- 
able. Such hairs are called “‘linters” and, while much 
too short for use directly in textiles, serve as a very 
important and cheap source for cellulose in the rayon 
and explosives industries. Such linters must neces- 
sarily be purified in a manner very similar to that 
employed for the fiber cotton. 

The only rival to cotton cellulose is the cellulose 
obtained from woods of various kinds. It will have 
been noted that in the case of the cotton plant the 
cellulose obtained from it is practically pure and 
requires merely a cleaning process to be ready for use. 
In the case of the wood the cellulose is less than fifty per 
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cent. of the wood, the remainder being impurities and 
ligneous matter which is useless for the purposes to 
which cellulose is put and therefore must be removed. 
In order to understand the processes used for this 
purpose it is necessary to know a little about the nature 
of cellulose itself and a brief discussion of that com- 
pound as to its chief chemical characteristics will be 
given here. 


CHEMICAL CHARACTERISTICS 


Cellulose is a definite chemical compound with an 
empirical formula CsH1O; by which is indicated that 
there are three elements (carbon, hydrogen, and oxygen) 
present in the compound in the ratio of 6:10:5 re- 
spectively. These elements are necessarily arranged in 
a definite way within the smallest particle of the sub- 
stance, known as its molecule. If this were not so then 
another well-known substance, starch, which has 
identically the same empirical formula, should be 
identical with cellulose. The difference between the 
two substances is immediately apparent when we con- 
sider that one of the most important and easily digested 
foods is starch, while cellulose is not digested in the 
human stomach and is useless for food. Since both 
substances possess the same three elements in the same 
proportion the difference in properties must be due to 
the arrangement of those elements within the molecule. 
Chemists have been working many years in an attempt 
to find out the arrangement of the atoms within the 
molecule of cellulose and have not, as yet, definitely 
decided upon a structure for the compound though 
much evidence tends to give us considerable knowledge 
as to the way in which the compound is put together. 

One great difficulty confronting the chemist when he 
attempts to learn something about cellulose is that all 
the usual methods for handling a compound fail in the 
case of cellulose. Whereas most of our knowledge as to 
compounds of various types comes from studying the 
pure compound, all the usual methods for purifying 
substances fail when applied to cellulose. It is not 
possible to distil the compound, it cannot be dissolved 
and recrystallized since no known substance actually 
dissolves cellulose, and all attempts to purify it by 
washing, or dissolving, out impurities apparently also 
attack the cellulose and change its nature. These are 
very great handicaps to overcome but by studying the 
way in which cellulose reacts with other compounds 
and reasoning by analogy with other compounds of 
known constitution it is possible to obtain a reasonable 
picture as to what the structure of the compound might 
be. Recent evidence obtained by X-ray analysis also 
tends to give us some information as to the way in 
which cellulose is built up (16). 

As has already been shown, cellulose is built up of 
carbon, hydrogen, and oxygen in the ratio 6:10:5, 
or to use the chemical terms it has six atoms of carbon 
for ten atoms of hydrogen, and five atoms of oxygen. 
The molecule, or smallest portion of the compound 
having the properties of the compound, may thus 
contain twenty-one atoms all told, or forty-two or 
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sixty-three, and so on, as long as the ratio is as given 
above. It is at this point that our knowledge fails us 
since we have no definite way in which to determine 
just how many atoms are in the fundamental unit of 
cellulose. Much work is being done on this point and 
when a definite answer to this problem is obtained a 
large stride will have been made in our understanding 
of the raw material with: which we are working. 

The chief chemical property of cellulose is the simi- 
larity of its reactions with the class of compounds known 
as alcohols. Whereas cellulose and ethyl alcohol are 
similar to one another in certain ways, there is little 
similarity when taken into the human system, so that as 
far as cellulose is directly concerned the Eighteenth 
Amendment is safe. Alcohols also consist of carbon, 
hydrogen, and oxygen, arranged in a very definite 
manner. This arrangement is characterized by a group 
known as the hydroxyl group so that ethyl alcohol is 
represented by C2H;(OH) with the hydroxyl group in 
parentheses. Compounds possessing this group react 


with organic acids according to the following equation: 


HX — > ROX + HO 
ACID ESTER WATER 


ROH + 
ALCOHOL 


This has been found to be true no matter how many 
hydroxyl groups an alcohol may have and, what is 
more, by determining how much of the ‘‘X”’ of the acid 
has entered the compound it is possible to find how 
many hydroxyl groups a compound may have. In the 
case of cellulose it was found that for each six carbon 
atoms there were three hydroxyl groups. 

Further evidence has shown that there must be in 
cellulose a molecular structure very similar to that in 
the sugar, glucose, CsHiO¢. It is not the purpose of 
this paper to proceed further into the discussion of the 
structure of cellulose and if the reader will bear in mind 
the fact that cellulose is very similar in its reactions to 
an ordinary alcohol, except that it has three hydroxyl 
groups instead of one, most of the ordinary industrial 
applications can be explained. For further discussion 
of this very fascinating problem of the structure of 
cellulose the interested reader is referred to the textbook 
of Heuser (6). 

WwooD 


As has already been pointed out, alcohols can react 
with various acids to furnish neutral compounds of 
characteristics entirely different from the original. 
Since cellulose possesses an alcoholic nature, it also has 
the power of combining with acids. This is exactly 
what has happened in the formation of wood, which 
apparently consists of cellulose chemically combined 
with an as yet not fully understood acid called ‘“‘lignic 
acid.” If we compare a sample of cotton (which is 
nearly pure cellulose) with a sample of wood the 
difference is immediately apparent both to the eye, 
the sense of feeling, and also to chemical tests. Wood 
is very inert and neutral toward chemical reagents just 
as we might expect a compound of cellulose with some 
acid tobe. It is apparent, then, that in order to obtain 
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the cellulose in a pure form from wood it would be 
necessary to break up the union between it and the 
lignic acid wherewith it is combined. No ordinary 
method suffices for this but resort must be had to rather 
drastic chemical means to remove the lignic acid part 
of the wood. We will discuss later some of the methods 
devised for this purpose. 

There are other factors which make difficult the way 
of the pulp producer and which should be mentioned 
here. Among other things there are present in the 
wood certain natural volatile oils such as are very evi- 
dent in the case of the pitch pine from which turpentine 
is obtained. The amount is small and we know very 
little as to the way in which they are formed in wood. 
Natural oxidation converts some of these oils to 
balsams and resins, and also to certain gums. The 
amounts of these products run as high as five per cent. 
of the wood in some cases. If these products were 
allowed to remain in the pulp they would contaminate 
it so as to render it useless for many purposes. Neces- 
sarily then such substances must be removed, and, if 
such removal.can be combined with the removal of the 
lignic part of the wood, great economy of time and 
labor can be effected. 

Besides such chemical constituents of wood as lignin 
and resins there is also the problem presented by bark 
and knots and decay. The bark and knots apparently 
resist the chemical action of the substance used to free 
the cellulose and would contaminate the pulp seriously 
if they were not completely removed before treatment. 
The decayed wood which results from the action of 
certain fungus growths must also be removed before 
treatment and, since this is a labor- and time-consuming 
operation, precautions are usually taken to prevent the 
growth of such fungi. This is usually done by keeping 
the moisture content of the wood at about sixty per 
cent., or by spraying with cymene or naphthalene. 

Preliminary Treatment of Wood. ‘The first step in 
preparing the wood for treatment consists of removing 
the bark by means of special machines. These consist 
either of large rotating disks carrying sharp knives 
which slice the bark from the log in a manner similar to 
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the action of a carpenter’s plane, or of large steel drums 
which rotate and tumble the logs against sharp steel 
edges and so remove the bark completely. After this 
the logs are cut into slices across the grain, nearly in the 
way in which a loaf of bread is cut into slices. These 
slices are usually about three-quarters of an inch in 
thickness and the machines used for this purpose are 
enormously strong since they must cut through the 
whole thickness of the log at one blow. The slices are 
then placed in a crusher which breaks them into 
“chips” of a definite size and thickness suited for the 
chemical operation to follow. A very good description 
of these preliminary steps may be found in the book of 
Witham, ‘‘Modern Pulp and Paper Making” (7). 

Processes. The chemical treatment of the prepared 
chips is usually done in one of three general ways: 
the ‘‘soda’’ process, the “‘sulfate’’ process, and the 
“‘sulfite’”’ process. 

The soda process is apparently the oldest of the 
methods and makes use of the fact that sodium hy- 
droxide will decompose the ligno-cellulose compound, 
convert the resultant lignic acid to the soluble sodium 
salt, and leave the insoluble cellulose as a residue which 
may be recovered from the process by washing out the 
soluble impurities. The speed of the action of sodium 
hydroxide on the wood is increased by carrying out the 
process in large, strongly built steel digestors at a high 
temperature and pressure. The pulp after washing 
and bleaching may be used for paper or other purposes. 
Details of the process may be obtained from any good 
textbook (8). 

The sulfate process differs little from the above- 
described soda process since the liquor used for cooking 
is also alkaline in nature. Instead of using sodium 
hydroxide in the treatment the process really depends 
upon sodium sulfide which is formed by the reduction 
of the sodium sulfate used in the liquor and from which 
the process gets its name. The so-called ‘Kraft’ 
process is really a modification of this process in which 
the cooking is carried out at such a temperature, time, 
and pressure as to give a strong but dark-colored 


product. 
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It should be pointed out here that both the sulfate 
and soda processes employ an alkaline solution to 
remove the lignic portions of the wood and that prac- 
tically all of the resins, oils, and gums are dissolved by 
such solutions. In this way the removal of such sub- 
stances takes place at the same time as the decomposi- 
tion of the wood. For this reason it is possible in these 
processes to make use of woods which have a high resin 
content. Apparently it is not as important to remove 
completely all bark and knots in these processes. 
The pulp produced by these alkaline treatments is 
excellent for many purposes but there are certain large 
uses for which thev are not fitted and hence the third 
process was developed. 

In the sulfite process the liquor used is acid in charac- 
ter, usually consisting of an alkaline earth acid sulfite 
dissolved in water, usually with some excess of sulfurous 
acid in the liquor. The cook is carried out at high 
temperature in strong steel digestors lined with a 
special acid-resisting lining. When the acid liquor 
acts upon the ligno-cellulose compound of wood the 
cellulose is split from the lignic acid by hydrolysis and 
remains inert in the solution. The freed lignic acid is 
probably further acted upon by the solution to reduce 
it partially to aldehydes which form soluble com- 
pounds with the bisulfites present. The acids of ligne- 
ous nature remaining probably form soluble metal salts 
and may be washed from the cellulose. The product 
may be bleached and washed to produce a white soft 
pulp of very pure cellulose. 

The above process being acid in nature does not 
readily remove resins and oils so that the wood used in 
it must be as free as possible from bark, knots, and 
resins. The raw materials are cheaper than those used 
in the other two processes and the product is better 
fitted for certain uses such as for rayon and for fine 
papers than the product from the alkaline processes. 
There are many modifications of these main processes 
which lie beyond the scope of this article and the 
reader is referred to any good text upon the subject for 
further details (8). 

As has already been mentioned, there are many other 
sources from which cellulose might be extracted by one 
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of the above general methods and a great deal of work 
has been done upon the recovery of the substance 
from various industrial and agricultural wastes, such as 
from cornstalks, or from waste tannery chips. The 
economic features involved in the problem, however, 
apparently eliminate such sources as important factors 
in the production of cellulose and the supply for indus- 
try is limited to that obtained from cotton and wood. 
Unless a serious shortage in the supply of pulp wood 
should develop, it hardly seems likely that wood will 
be superseded as a source by any other raw material. 
Any danger of such a shortage occurring is rapidly being 
diminished by the application of intelligent reforesta- 
tion methods. Wood, therefore, presenting as it does a 
compact, easily gathered and handled raw material, 
is easily supreme as a source of industrial cellulose.* 


APPLICATIONS 


In discussing the applications of cellulose in modern 
civilization, a more or less arbitrary classification of the 
many ramifications of the subject must be made. This 
paper will take up the subject in the following order: 

(a) Uses of the natural cellulose fibers which have 

been subjected only to incidental chemical 
treatment. 

(b) Uses of the cellulose products derived by chemi- 
cal treatment of the raw product—conversion 
products. 

(c) Uses of the chemical decomposition products of 
the source materials. 

Natural Fibers. In this classification are the various 
types of cellulose fibers derived directly from plants of 
various kinds. Among these are cotton, flax, hemp, 
ramie, jute, manilla, aloe, straw, esparto, and in general 
the whole class of monocotyledon plants. 

It is beyond the scope of this article to discuss the 
methods used for the preparation of textile fabrics of 
all kinds from cotton fiber. Such fabrics enter very 

* Wood will furnish the highest average yield of cellulose per 


acre over a period of years, according to W. O’Byrne, Extension 
Forester at Virginia Polytechnic Institute. 
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intimately into the everyday life of all of us. Many 
people sleep in bedding largely composed of cotton 
fabric, comforters, sheets, pillow cases, and mattress 
ticking containing varying amounts of the fiber; the 
pajamas, or nightgown, may also be of cotton. On 
arising, the towels and facecloths used probably are 
cotton. The meals of the day probably are served on a 
table decked with a pure white cloth of cotton. It is 
hardly necessary to enumerate the manifold uses of 
cotton in wearing apparel. A few of the less apparent 
uses are as a base for the preparation of oilcloths; as a 
fabric upon which the tires of our automobiles are built; 
artificial leather which enters so many fields of human 
activity is usually prepared upon a base of cotton 
fabric. In general most of the finer fabrics used daily 
are prepared from cotton, flax, hemp, or ramie fibers; 
all of them cellulose. Along with these finer fabrics 
must be mentioned those of a coarser texture such as 
sugar sacking, burlap bagging, canvases, strong coarse 
fabric used as belting for machinery drive, carpets, 
rugs, etc. Such fabrics are usually prepared from jute, 
flax, hemp, and other plants and are all of them cellulose. 

One of the most important uses of cellulose fibers is 
in the ropes, twines, and string with which a large part 
of our civilization is tied together. Many hatmaking 
materials are derived from cellulose fibers and from 
straw. The natural fibers of cellulose from cotton, 
linen rags, textile wastes, and esparto may also be made 
into paper whose manifold uses will be discussed when we 
consider the uses of paper prepared from wood pulp 
cellulose. 

It is probably more logical to discuss the products 
prepared from wood cellulose, or celluloses derived by 
chemically decomposing a compound containing cellu- 
lose, as a separate section since such a list of uses is long 
indeed. In the first place, when the pulp prepared by 
a process, such as has been discussed above, is mois- 
tened with various agents and then compressed under 
tremendous pressure into a mold, articles of many 
varied kinds can be made. This type of article is 
known as papier maché and is used for silent gears, 
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paper plates and cups, and has such strength that it has 
even been used to prepare train wheels. The largest 
use of pulp, however, is in the preparation of other 
materials from it by physical or chemical transforma- 
tion. The chemical transformation will be discussed 
later with the conversion products of cellulose. 

Paper is one of the blessings of civilization which 
has been made possible by the discovery of a cheap 
source of cellulose. If pulp, prepared in the usual 
manner, is suspended in a large quantity of water and 
this suspension is poured onto a large wire screen, a thin 
layer of closely entangled cellulose fibers is left on the 
screen and upon compression with hot rolls this layer is 
formed into a sheet of paper. It is usual to incorporate 
with the cellulose suspension various binding and finish- 
ing agents which give paper its smoothness and surface. 
The process is, of course, much more complex than this 
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and the reader. is referred to a textbook on paper- 
making for a more detailed description (9). rom 
There is also another method for producing paper 
which is known as the mechanical method. In this the 
wood, without chemical treatment, is ground into a 
very finely divided state by huge mechanical teeth. 
These small fibrous portions of the wood are then 
bleached with strong bleaching agents until white. 
The resulting product is run into sheets as in the case 
of the other paper and compressed by rollers. This 
paper is not quite pure white and does not possess the 
same strength and enduring qualities that the regular 
cooked paper does. It is, therefore, used for news- 
print, etc., where lasting qualities are not required. 
Much has been written about the tremendous depletion 
of our forest supplies by the extraordinarily large 
amount of wood used to furnish such paper and from 
this may be drawn an idea of the tremendously im- 
portant part newsprint plays in our modern civilization. 
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In discussing the uses to which paper prepared from 
cellulose pulp is put, we can nearly call the roll of all 
modern industry. We can just briefly mention some of 
the types and uses of this substance, as, for instance, 
the production of books cheaply and in great numbers. 
In fact the great spread of knowledge since the Middle 
Ages must be laid to the development of such a cheap 
and convenient method of recording and distributing 
the advances in knowledge. Before the invention of 
paper, records had to be made upon such expensive 
materials as parchment, clay, papyrus, or stone and the 
number of copies available for distribution was de- 
cidedly limited by the expense of material and method 
of recording. As a matter of fact, it might well be 
advanced that the invention of the art of printing was 
directly due to the availability of a cheap material to be 
printed upon since certainly printing would be a useless 
art without paper. Along with the sister art of print- 
ing, paper has been the great democratizer of knowledge 
so that it is no longer confined to a few but is available 
cheaply and instantly to the multitude. 

The use of paper in printing is, however, only one of 
its many uses. The warmth and decorative qualities of 
our houses are greatly enhanced by the use of building 
papers and boards between the walls, and of decorative 
wallpapers on the walls themselves. The electric light 
cables and fixtures depend to a great degree for their 
insulation upon the use of treated paper. This is true 
also of the telephone and telegraph as well as the radio 
used as a means of communication. Paper is put also 
to such humble but important uses as wrapping paper, 
blotting paper, waxed paper, toilet tissue, paper 
towels, and cigaret papers. It is also possible to 
prepare various articles of clothing from paper as, for 
instance, paper collars and shirts. Recently there has 
been announced in Germany the preparation of whole 
suits of paper clothing of very good wearing properties 
whose laundering may be done efficiently by simply 
touching with a lighted match. Paper tablecloths, 
napkins, and dishes, even forks and spoons, simplify 
housekeeping for the modern wife. One might con- 
tinue almost indefinitely enumerating the multitude of 
places in which paper is used in modern industry and 
the few instances given indicate how important a place 
cellulose occupies in this one form alone. 

Conversion Products. When we survey the field of 
the conversion products of cellulose we enter into a 
most fascinating realm where almost anything possible 
in the wildest dreams is also possible. Before consider- 
ing the uses of the products in this branch, it will be 
well to consider the most important of the methods used 
to convert cellulose into other forms more useful than 
those found in nature. In general, the difficulty with 
the cellulose furnished by Dame Nature is that it 
consists of many very short fibers which do not have a 
great tendency to cling to one another and hence cannot 
be twisted into a strong continuous thread which may 
be woven into fabrics. The chemist, however, steps in 
and, improving on nature by painting the lily, provides 
us a product much more wonderful than nature has. 
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In order to do this, naturally, use must be made of the 
chemical properties of cellulose to which reference was 
made earlier in the paper. At present there are four, 
and possibly five, general methods employed com- 
mercially to prepare conversion products of cellulose. 
These are called the nitro process, the cuprammonium 
process, the viscose process, the acetate process, and 
possibly the ether process, and we will discuss them in 
that order. 

As has already been pointed out, if an alcohol is 
treated with an acid the hydrogen of the hydroxyl group 
is removed and an ester of the alcohol and acid remains 
while a molecule of water is formed. If cellulose, a 
trihydroxy alcohol, is treated with nitric acid under the 
proper conditions a reaction takes place as follows: 

O-NO,” 
| ca1:0.0N0, | + xH.0 
O-NO2_}x 
CELLULOSE 
TRINITRATE 


OH 
C.H;0.0H + xHNO; = 
OH _}x 


NITRIC WATER 


ACID 


_, CELLULOSE 


In order to remove the water formed in the process the 
nitric acid is never used alone but usually mixed with 
equal parts of sulfuric acid. The product, cellulose 
trinitrate, has decidedly different properties than has 
cellulose. It is quite soluble in many organic liquids 
and is exceedingly inflammable. As a matter of fact, 
for most uses, the nitration is not allowed to proceed as 
far as the trinitrate but is controlled so that the nitrogen 
content rarely exceeds eleven per cent. In the case of 
guncotton alone is the nitrogen content higher than this. 
The nitrated cellulose of the lower nitrogen content is 
collodion and dissolves readily in a mixture of ether and 
alcohol from which it can be recovered in the form of 
glass-clear flexible films or threads as desired. 
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It is evident from the above that the chemical treat- 
ment has converted insoluble cellulose into a soluble 
derivative which, by virtue of such solubility, may be 
used in many ways in which cellulose itself cannot. 
Furthermore, chemists have found that if the product, 
be it in the form of mass, film, or thread, be treated 
with a hot alkaline solution it is possible to convert the 
cellulose nitrate back into cellulose again and so reduce 
its inflammability. The uses of cellulose nitrate are 
manifold but since they do not differ appreciably from 
those of the other conversion products of cellulose 
except in one case we will discuss them later. 

One of the very important uses of cellulose nitrate is 
as an explosive, ‘‘guncotton.”” When one mentions an 
explosive the thoughts of most people are naturally 
carried immediately to war. The use of explosives for 
war purposes is happily really of minor importance in 
the lives of most of us though when war occurs there is 
no greater possible need. The major use of explosives 
is in agriculture, mining, and building. No huge dams 
or irrigation systems would exist without them. No 
tunnels, no easy and cheap extraction of valuable ores 
could occur without explosives, and no grading and 
building of huge road systems would make easy com- 
munication between communities. Cellulose nitrate 
is one of the most important of such essential materials 
and the reader is referred to the textbook of Worden 
(17) for further information as to its use in this way. 

In the second of the methods mentioned, the cu- 
prammonium process, it is not known definitely whether 
the cellulose actually undergoes a chemical change or 
whether it is merely dispersed colloidally by the action 
of the reagents used. The chemistry of this process, 
as well as that of the others herein discussed, is very 
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clearly outlined in the textbook, ‘‘Technologie der 
Textilfasern,” by Herzog (10). In general the reaction 
depends upon the discovery of Schweitzer (10) that a 
solution of copper oxide in ammonium hydroxide has 
the power of dissolving cellulose and that from such 
solution the cellulose may be recovered in the form of 
threads, films, or masses which apparently consist of 
cellulose. It is easily seen that by such a process it is 
possible to take cellulose consisting of very short fibers, 
useless for textiles, and convert it into a long continuous 
filament which may be woven, or into films and sheets 
of great industrial value. 

The viscose process for conversion of cellulose was 
discovered by Cross, Bevan, and Beadle (11) who ob- 
served that when cellulose has been treated with strong 
alkali it will react with carbon disulfide to give an 
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orange-colored mass which is quite soluble in water or 
dilute alkali. From solutions so prepared it is possible, 
by the aid of acids, to regain the cellulose in the form of 
threads, films, or masses. A very good discussion of the 
chemistry of this reaction is given by Wheeler (12). 
There is considerable discussion as to whether a definite 
compound between the cellulose and the carbon di- 
sulfide is formed or whether the process depends solely 
upon the colloidal dispersion of the cellulose by the 
reagents used. It seems possible that some compro- 
mise between the two views may represent the actual 
status of the problem. It should be pointed out that 
the raw chemicals used in this process are the cheapest 
employed in any of the processes, sodium hydroxide, 
carbon disulfide, and sulfuric acid being the chief ones 
besides cellulose. For this reason the process offers 
considerable economies over those others and that this 
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is true is attested by the fact that over eighty per cent. 
of all the rayon produced is made by the viscose 
process (13). 

In the acetate process advantage is taken of the 
same properties exhibited by cellulose in its reaction 
with nitric acid. If in the reaction acetic acid is 
substituted in place of nitric acid an ester is formed 
between the cellulose hydroxyl groups and the acetic 
acid. Asa matter of fact, acetic acid itself is not used 
in the process but the anhydride of the acid is. This 
fact, however, has no bearing upon the theory of the 
reaction which is as follows: 

OOC:-CH; 


OH 
| caso. | + xCH;COOH = | eat:0,006 6 | — xH.20 
OH _|x OOC-CH3_Jx 


CELLULOSE ACETATE WATER 


CELLULOSE ACETIC ACID 


This ideal reaction is never realized but a mixture of 
the mono-, di-, and triacetate is obtained. The acetate 
first obtained by this reaction is soluble in only such 
expensive or dangerous solvents as chloroform, glacial 
acetic acid, formic acid, and acetylene tetrachloride. 
A further step which involves the treatment of the first 
formed acetate with dilute mineral acids is necessary to 
obtain a product readily soluble in a cheap, easily 
handled solvent such as acetone. For an excellent 
discussion of this product and the process of its produc- 
tion the reader is referred to ‘“‘Acetate Silk and Its 
Dyes,” by Charles E. Mullin (14). It can readily be 
seen that this process converts the cellulose into a 
soluble product which may be transformed into any 
physically useful form. Unlike the products of the 
other processes such form is not reconverted to cellulose 
before using and therefore articles prepared from it will 
have different properties than those arising from the 
other processes. The chief characteristic of such 
articles is their much lower inflammability, for which 
reason safety films for X-ray and cinema work are made 
from the acetate. Another characteristic is the fact 
that acetate threads or films do not lose as much 
strength when wet as do those from other types of 
process. This is an advantage which, however, is 
minimized by the greater cost of the material. 

A discussion of the conversion of cellulose into ethers 
is still speculative since the process at the present time 
is still being developed. Reference to the recent 
chemical literature will show the state of the problem 
which is still far from satisfactory industrial production. 
What the future will bring in this line is one of the most 
fascinating fields of supposition but beyond the scope 
of this article. When an alcohol or its sodium deriva- 
tive, such as cellulose, or sodium cellulose, reacts under 
the proper conditions with an alkyl halide there is split 
out from the compounds either the halogen acid or salt 
with the formation of an ether derivative of the alcohol 
as follows: 


OH O-CH3 
C.H702-OH a xCl-CHs = C;H70,-0-CHs; a xHCl 
OH_]x O-CHs3 _|x 
CELLULOSE 
ETHER 


HALOGEN 
ACID 


CELLULOSE ALKYL HALIDE 
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The cellulose ether produced is soluble in a variety of 
substances and when formed into threads or films 
possesses valuable and distinctive properties which may 
render it commercially important. 

With this very brief outline of the processes used in 
the conversion of cellulose we will turn our attention to 
some of the uses to which such products are put. 
Possibly the outstanding use for such substances has 
been in the development of a new textile material 
rivaling the product of the silkworm in appearance and 
far surpassing it in cheapness and quantity, rayon. 
In 1930 the world production of rayon was estimated 
at nearly 462,000,000 pounds (13). Since that time the 
production has decreased considerably owing to the 
world-wide depression but without doubt will be 
resumed at full capacity in the near future. A recent 
development which seems to be independent of the 
depression is the production of cellophane, a clear, 
transparent wrapping prepared from cellulose con- 
version products. This material is becoming more and 
more of great importance in our commercial life. 
Prepared by the same general processes are also artificial 
straw, horse hair, and wool, used as substitutes for the 
natural products. A most peculiar use for cellulose 


conversion products has recently been introduced in the 
preparation of sausage casings (18) which have never 
seen a pig. Possibly one of the largest uses of cellulose 
conversion products is in the production of films of 
various types, photographic, cinema, and X-ray. It 


should be mentioned that the rather recent develop- 
ment of satisfactory films from cellulose acetate has 
eliminated the danger of such disasters as occurred in 
Cleveland a few years ago where several fatalities 
occurred owing to the spontaneous ignition of the old- 
style nitrate films. Among other things, cellulose 
conversion products have made possible the high-speed 
production of automobiles by supplying a quick-drying 
lacquer for body finish. The use of such new paints 
and lacquers has also extended into the furnishings of 
the home as well as paint for the outside. Perhaps one 
of the less known uses of cellulose conversion products 
is in the preparation of safety glass for automobile use. 
In this type of material a sheet of transparent cellulose 
product similar to cellophane is sandwiched between 
two plates of glass and cemented there by the use of a 
special cellulose cement. Such glass may be broken by 
impact but the splinters cannot be thrown into the air 
since they are held by the cellulose film. Many very 
dangerous accidents have been and are being avoided by 
the use of such glass. Cellulose conversion products 
also have a wide use as adhesives and cements. The 
development of the aeroplane has to a large extent been 
dependent upon the use of such “‘dopes’’ for the prepa- 
ration of strong wings. Such cements and adhesives 
enter into far too many fields for discussion here. 
Along the same general line is the preparation of molded 
articles of all kinds from plastics developed from the 
cellulose conversion products. The preparation of tars 
for roads and resins for insulation has recently been 
developed from the reaction between phenols and 
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cellulose. One of the largest uses of cellulose conver- 
sion products has come to be in the artificial leather 
industry. This product usually consists of cotton or 
pulp fabric impregnated with cellulose conversion 
products dyed to the proper color and impressed with 
the natural pattern of leather. It is almost impossible 
to distinguish from the natural product and has taken 
its place in many cases. This is particularly true in the 
case of fabrics designed for automobile upholstery and 
tops. Recent development has entered this material 
into the shoe trade and many excellent shoes are pre- 
pared from artificial leather. Probably the most recent 
development of the industry consists of the preparation 
of artificial reed for use in furniture or hat making by 
twisting together ribbons of cellophane dyed in any 
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desired color. These new reeds are light, strong, and 
very attractive in appearance. 

Chemical Decomposition Products. In the uses previ- 
ously discussed the cellulose molecule itself has under- 
gone no chemical change. The original structure is 
still present along with the addition of other atoms. 
There is a further use for cellulose in that its molecule 
may be chemically broken up to form distinctively new 
compounds which have wide industrial importance. 
Among the first of these products known were the dyes 
produced from cellulose wastes by fusing them with 
sulfur and sodium sulfide. The change which the 
cellulose molecule undergoes in this case is not well 
understood but the products have the power of dyeing 
very fast shades of black and brown upon cotton. 
Recent developments in the dye industry have largely 
displaced these dyes but they are still of considerable 
interest. It has also been long known that it is possible 
to break the molecule of cellulose into glucose sugars of 
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various types by the use of digesting agents such as 
strong acids. In this way it is possible to render 
cellulose edible and also, by fermentation, to produce 
ethyl alcohol from cellulose. The process has not yet 
been completely worked out into a commercially suc- 
cessful one but offers considerable promise for the 
future. Other alcohols may also be produced from 
cellulose by simple destructive distillation or by fer- 
mentation by means of bacteria. These products have 
considerable technical importance and a development 
of their production from cellulose is of interest. De- 
structive distillation also produces various technically 
important acids and gases from cellulose. Hawley’s 
book, ‘‘Distillation of Wood” (15), gives a very clear 
discussion of this phase of the industry. In recent 
years much work has been done upon the bacterial 
fermentation of cellulose and of cellulosic wastes. 
From such reactions many valuable products can be 
isolated, not the least of which is a gas very well suited 
for illuminating and heating purposes. It is possible 
that the future will see disposal of such wastes by 
converting them to useful gases by fermentation. 


CONCLUSION 


In closing this discussion of the place of cellulose in 
industry may I point out that only a very sketchy and 
incomplete picture of the methods, processes, and 
products could possibly be included? Each of the uses 
mentioned has developed into a huge industry with a 
literature, technology, and chemistry of its own and 
many papers of this length would be necessary to dis- 
cuss any one of them adequately. For further details 
of any one of the fields the reader can only be referred 
to the current periodicals, texts, and the bibliography 
of this article. 
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CORROSION, the BILLION- 


DOLLAR THIEF 


I. Introduction, Definition, History, and Elementary Concepts 


FREDERICK A. ROHRMAN 


Michigan College of Mining and Technology, Houghton, Michigan 


This paper, the first part of a three-part series on 
corrosion, has for its purpose the initiation of the topic to 
the general reader. The economic importance, history, 
definition, and elementary fundamentals of the subject are 
presented with the view of acquainting the reader with the 
most accurate knowledge of corrosion. 

All corrosion is shown to be the result of cell action, 1. e., 
the action of two different elements in the presence of an 
electrolyte. The importance of the Nernst equation and 
hydrogen overvoltage is stressed. The recent work of 
Palmaer on ‘induction period’ is outlined and its 
importance demonstrated. 
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If gold ruste, 
What shall tren do? 
Chaucer 


HE scientist and the engineer are constantly called 
ie to direct their attentions to the elimination of 

waste. As President Hoover has said,! ‘It is only 
through the elimination of waste and the increase in our 
national efficiency that we can hope to lower the cost of 
living, on the one hand, and raise our standards of 
living, on the other.’’ Today, the greatest source of 
waste is corrosion. It is the purpose of this paper to 
present some of the problems of corrosion and some of 
the information that has been accumulated on the 
subject. 

One phase of the importance of the problem has been 
emphasized by Sir Robert Hadfield, the great English 
metallurgist, who stated that the world’s debit to 
corrosion in 1920 was about $2,500,000,000.2 It has 
also been computed that 33% of all the steel and iron 
fabricated is for the purpose of replacing units destroyed 
or damaged by corrosion.* 

Bancroft‘ stated that 10% of the capital invested in 
the American petroleum works is charged against the 
ravages of corrosion. Kendall and Speller® find that 
the cost of gasoline is one cent higher because of corro- 
sion. One of the world’s largest manufacturers of 
chemicals charged $2,500,000 in 1930 to corrosion 


1Chem. & Met. Eng., 32, 151 (1925). 

2 HADFIELD, Proc. Royal Soc., 101A, 472 (1922). 

3RABALD, ‘‘Werkstoffe und Korrosion,’’ Spalmer, Leipzig, 
1931, Vol. 1, p. 124. 

4 Bancrort, Chem. & Met. Eng., 32, 6, 336 (1925). 

5 KENDALL AND SPELLER, Ind. Eng. Chem., 23, 740 (1931). 


losses. A cursory examination of our ‘‘metal age’ 
shows only too clearly what a staggering problem 
corrosion presents us at every turn. 

Additional evidence on the importance of the prob- 
lem can be visualized when one realizes that hundreds 
of specialized experts are devoting all their time to the 
many phases of corrosion. In this country and abroad 
specialized committees, organizations, and periodicals 
are established for the study of its problems. Up to 
1932, sixteen books, several bibliographies, and more 
than five thousand papers had been published upon 
this subject. 

DEFINITION 


The word corrosion is derived from the Latin rodere 
(to gnaw). The Latin for rust, however, is robigo or 
rubigo (red); thus, iron rust was called ferrugo; copper 
rust, aerugo, etc. 

Speller® defines corrosion as ‘‘the chemical action of 
certain external agencies on metals which causes their 
deterioration or destruction.”” The Deutscher Gesell- 
schaft fiir Metallkunde, the Verein Deutscher Inge- 
nieure, and the Verein Deutscher Eisenhiittenleute have 
agreed upon a definition of corrosion which states 
“.. . die Zerstérung eines festen Korpers, die durch 
unbeabsichtigte chemische oder elektrochemische Angriffe 
von der Oberfldche ausgeht.”’” This might be translated 
as, “‘. . . the destruction of a solid body which follows 
an undesired chemical or electrochemical attack at the 
surface.’’ It will be noted that the German definition 
eliminates the application of the term to anode corro- 
sion, which certainly is a desired'result in some electro- 
chemical processes. Since the Germans define their 
terms thus, there can be no confusion between desired 
and undesired corrosion; to them all corrosion is 
destructive economically. In this paper, however, 
Speller’s definition suffices. 


HISTORY 


The history of corrosion, no doubt, has its origin 
beyond the records of mankind. Historical references 
to the metals show that the ancients were familiar with 
gold, silver, copper, lead, iron, tin, and their alloys, 


such as electrum, an alloy of gold and silver. It is 
6 SPELLER, ‘‘Corrosion, causes and prevention,’”’ McGraw- 
Hill Book Co., New York City, 1926, p. 6. 
7 KROHNKE, Maas, AND Beck, ‘Die Korrosion,” Hirzel, 
Leipzig, 1929, vol. 1, p. 3. 
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difficult to ascertain which of these metals was first 
used. Quite probably, however, since gold, silver, and 
copper exist free in nature, they were the first to come 
into service. Meteoritic iron was also known and used. 

It has been frequently reasoned that because of the 
absence of iron specimens among archeological excava- 
tions, iron was not used appreciably in the early times. 
The fact is, however, that iron is so readily corroded 
that it could hardly be expected to endure the elements 
for centuries. Hadfield is one of the many who believe 
that iron was fabricated into tools and weapons during 
the earliest times. 

Herodotus® mentioned the use of iron in the con- 
struction of the pyramids. A number of iron specimens 
known to be of the period 2900-1450 B.C. have been 
recovered from the pyramids. Diodorus as well as 
Plutarch described the ancient method of preparing 
swords and weapons of iron.'!° The scheme frequently 
used by the Celtiberians in Aragon was to bury the 
piece of iron in such a way that it would corrode, ‘‘so 
that the weaker portions would be eaten away.” This 
same method was used by the early Japanese. 

For a comprehensive historical survey of the metals 
and their properties, one can do no better than read 
C. Pliny’s ‘Naturalis Historiae,’’ volumes 33 and 34. 
Some of these data have been summarized by Weeks."! 

Copper, which was known in the early times as 
meretrix metallorum, was most frequently called aes. 
Verdigris, or aerugo, was made by exposing copper to 
the fumes of vinegar. The well-known Dutch process 
for the manufacture of white lead was known and used 
by the early Romans. It is interesting to note that 
they were also familiar with the methods of adulterating 
this material by additions of chalk, carbonates, etc. 

Pliny realized that the value of gold was due only to 
its permanence in resisting fire and the elements.. He 
states, ‘In addition to this, gold steadily resists the 
corrosive action of salt and vinegar, things which obtain 
the mastery over all other substances.’’!? Observa- 
tions on silver were, “Silver admits also of being 
blackened with the yolk of a hard-boiled egg,’’!* and 
again, “Silver becomes tainted by the contact of mineral 
waters and of the salty exhalations from them.’’!* 

In book 34, chapter 19, occurs a choice passage 
indicating that Pliny would have made an ideal member 
of the S.P.W., “Nature in conformity with her usual 
benevolence has limited the power of iron by inflicting 
upon it the punishment of rust; and has thus displayed 
her usual foresight in rendering nothing in existence 
more perishable than the substance which brings the 
greatest dangers upon perishable mortality.”’ 

Probably the first reference to stress-strain corrosion 
is a description of the bridge constructed by Alexander 


8 SWANK, “‘Iron in all ages,”” Swank, Philadelphia, 1884, p. 1. 

® CARPENTER AND RoBERTSON, J. Iron & Steel Inst., 121, 
420 (1930). 

10 SWANK, loc. cit., p. 16. 

11 WEEKS, J. CHEM. Epuc., 9, 4 (1932). 

12 Priny, Book 33, Chap. 19. 

18 Priny, Book 33, Chap. 46. 

14 Piiny, Book 33, Chap. 46. 
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over the Euphrates. The bridge was held by iron 
chains, and it was noticed that the replaced links 
always corroded more readily than the old links. 
White lead mixed with tars and pitches was used to 
protect iron members from corrosion. 

Copper articles were coated with tin by dipping the 
metal in molten tin. Articles prepared in this way 
were called incoctilia (inboiled). Pliny states, ‘““When 
copper vessels are coated with stannum they produce a 
less disagreeable flavor and the formation of verdigris 
is prevented.’ Vitruvius described chronic lead poi- 
soning—the result of drinking water which had stood in 
lead pipes.?” 

Zosimus is credited with being the first to note that 
copper will precipitate upon iron when the latter is 
placed in a copper solution.'* Paracelsus in his 
‘De Tinctura Physicorum’’ pronounced the deposition 
of copper on iron from solutions of copper sulfate to be a 
transmutation of the iron to copper. One can but 
imagine what excitement would have prevailed had 
some one substituted gold solutions for copper solutions. 
After Paracelsus, a considerable amount of information 
upon the action of various substances on metals was 
obtained in the Middle Ages. This plethora of data 
was no doubt due to the wide interest in alchemy, the 
prevailing science of the time, which directed attention 
to investigations of metals with the hope of a possible 
transmutation of the base metals to gold or silver. 

The prototype of the electromotive series of the 
elements was due to Bergman in the 18th century. 
In his ‘De praectpitatis metallicis’” he states, ‘‘the 
metals precipitate one another after a certain order. . . 
zine prevails over iron, iron over lead, lead over tin, 
tin over copper, copper over silver. . .”’ 

In the 17th and 18th centuries peitung (white cop- 
per), frequently called packfong or packtong, was 
imported from China. These beautiful alloys owed 
their value to their comparative immunity from tarnish. 
These metals are now known as the “‘German silvers.”’ 
From 1700 on, the knowledge of corrosion and corrosion 
prevention increased rapidly. Climaxed by Lavoisier’s 
work on the action of oxygen on iron! and other 
investigations, the modern age of chemistry came into 
existence. 

Today the man in the street knows the progress 
which has been made and is being made. Skyscrapers, 
such as the Empire State and Chrysler buildings in 
New York City, are covered with “‘stainless steels’’; 
chromium-plated and ‘‘stainless-steel’’ fittings are no 
longer novel for the automobile, kitchen, and lavatory; 
other articles are being plated with platinum metals and 
tungsten; scores of alloys of complex composition and 
treatment are constantly being presented on the 
market. 


1 Piiny, Book 34, Chap. 43. 

16 Puiny, Book 34, Chap. 54. 

17 STILLMAN, ‘“‘A story of early chemistry,” D. Appleton & 
Co., New York City, 1927, p. 23. 

18 MELLOR, “‘Comprehensive treatise of inorganic and theo- 
retical chemistry,’”’ Longmans, Green & Co., New York City, 
1923, vol. 3, p. 14. 

19 LAVOISIER, Ann., 1, 260 (1789). 
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On the other hand, the reader attempting to under- 
stand the many phenomena involved in corrosion is 
bewildered by the terms abounding in the technical and 
scientific journals—such terms as local action, polariza- 
tion, inhibitors, stray currents, oxygen concentration, 
pH, electrode potentials, film formations, and other 
shibboleths. What do these terms.all mean? 


THE ELECTROCHEMICAL THEORY OF CORROSION 


A number of theories have been ad-znced on the 
cause and nature of corrosion, but the electrochemical 
theory has served to explain in the best manner all the 
factors involved. For an extended description of the 
other theories one ‘can refer to any of the books on 
corrosion. An excellent review of the electrochemical 
theory is given by Bancroft, one of the early champions 
of the theory.” 

The essence of this theory is that the solution of a 
metal is the result of an electrochemical action at the 
surface of the metal. It is presumed that as an atom 
of the metal goes into solution it loses an electron 
(or electrons) and acquires a positive charge (or 
charges), forming what is called an ion. The remain- 
ing, undissolved metal is then left with the excess elec- 
tron (or electrons), giving it a negative charge. Now, 
this negative charge may be employed to neutralize a 
positively charged atom of another species present so 
that the total action is that of one element going into 


solution (losing its electrons—being oxidized) and 
another element going out of solution (gaining its 


electrons—being reduced). The action is, therefore, 
one of chemical and electrical transformations. 


THE ELECTROCHEMICAL SERIES OF THE ELEMENTS 


In order to avoid a philosophical argument on why a 
metal or element goes into solution, we shall merely say, 
per scienter, that such a tendency exists to a greater or 
lesser degree. A great deal has been written upon the 
solution pressures of the elements (tendency to go into 
solution), but the fundamental reason why one element 
goes into solution faster than another is unexplainable, 
like chemical affinity. 

Since some of the elements go into solution more 
readily than the others, it seems reasonable that a table 
could be constructed showing the comparative solution 
pressures of the various elements. Such a table can be 
constructed, and most chemists are familiar with it. 
The standard for comparing the elements is hydrogen; 
in a solution one-molal with respect to the hydrogen- 
ion content, hydrogen is supposed to have a zero po- 
tential; that is, it has a tendency to go neither into 
solution nor out of solution. The other elements, being 
compared with hydrogen, fall into two classes—those 
which have a tendency to go into a one-molal solution 
of their ions, and those which have a tendency to go out 
of sucha solution. Since these tendencies are measured 
in terms of volts and the tendencies are all different, 
a table is very easily constructed. This table is some- 


20 Bancrort, J. Phys. Chem., 28, 785 (1924). 


” 
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times called the electrochemical series of the elements, 
the electrode potential series, the electromotive series, 
the oxidation-reduction series, the activity series, etc. 
Table 1 lists some of these elements, the figures being 
taken from books by Latimer and Hildebrand and by 
Kremann and Miller.” 

According to the convention of this table 
lithium is supposed to go into a one- 
molal solution of its own ions, leaving 
a negative charge on the remaining metal 
of 2.96 volts. Copper, silver, and gold, 
although soluble in many media, do not 
exhibit this solubility in one-molal solu- 
tions of their ions; they all show a ten- 
dency to go out of solution, consequently 
bringing their positive charges to their 
electrode. 

Every one is familiar with the fact that 
an iron knife placed in a copper sulfate 
solution will become covered, more or less, 
with a coat of copper. This experiment 
shows that iron has a tendency to replace copper as 
ions. The fact is that if the iron and copper could be 
placed in a solution containing one-molal iron and 
one-molal copper the iron would have a tendency, 
according to the table, to go into solution with a 
potential of 0.46 volt and the copper to go out of the 
solution with a potential of 0.34 volt. The total 
driving force of the action would then be the sum of the 
potentials, 0.80 volt. 

A galvanized iron pail behaves similarly. If the pail 
is scratched so that iron and zinc are both exposed to 
external action one might expect them both to go into 
solution, but fortunately this is not so; only the zinc 
goes into solution, because it is easier for the zinc to go 
into solution than the iron. A glance at the table then 
tells one which elements should go into solution easily 
and which with difficulty. Some of the elements, such 
as aluminum and chromium, exhibit non-tarnishing and 
non-rusting properties, so that they appear out of place; 
but these are properties, not of the elements aluminum 
and chromium but of their oxide films which cover the 
metal, and since these films are very resistant to most 
corroding mediums the metals act'as if they belonged 
with copper and silver. The table does not misinter- 
pret; it measures the respective solution pressures of 
the elements, not of their oxide films. 

If the reader will examine different electrode potential 
tables he may lose all faith in electrochemists; some of 
the tables give gold with a positive potential and some 
with a negative potential and, conversely, the metals 
above hydrogen with a negative potential or a positive 
potential. The authors of one group state that lithium 
and the metals above hydrogen are negative because, 
as those metals go into solution, the remaining metal 
must retain the negative charges; thus, they should be 

21 LATIMER AND HILDEBRAND, ‘“‘Reference book of inorganic 
chemistry,’”’ The Macmillan Co., New York City, 1929, p. 367; 
OsTWALD-DrRUCHER, “Handbuch der allgemeinen Chemie,” 


vol. 7, p. 2; KREMANN AND MULLER, ‘“‘Elektromotorische Krafte,’’ 
Akademische Verlagsgesellschaft, Leipzig, 1930, p. 786. 


TABLE 1 


—2.96 
—2.92 
—2.71 
—2.70 
—1.55 
—1.34 
—1.00 
—0.76 
—0.56 
—0.46 
—0.40 
—0.23 
—0.14 
—0.12 
—0.00 
+0.34 
+0.80 
+1.34 


Li 
K 
Na 
Ca 
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negative. The other group argues that since the metals 
have a tendency to go into solution this spontaneity 
should be honored with a positive sign. To come to 
some sort of agreement the American Electrochemical 
Society went on record, after considerable thought, 
discussion, and debate, as adopting the metals above 
hydrogen as negative and those below as positive.” 
The same convention has been adopted by the majority 
of scientific people here or abroad, so that this nomen- 
clature will be used in the present paper. 

The elements below hydrogen are sometimes called 
electropositive elements or noble elements, while those 
above hydrogen are called electronegative or base 
elements. Kahlenburg chooses to classify them as 
‘“‘more zinc-like’”’ and ‘‘more carbon-like.”” Convention 
dictates that nickel can be called more electropositive 
or more noble than iron or zinc, zinc more noble than 
magnesium, copper more electronegative than silver, 
etc. 

THE NERNST EQUATION 


The electrode potential series gives us a fair indication 
as to the comparative corrodibility of the various 
elements and an exact relationship when the elements 
are compared in one-molal solution of their ions. 
When the solutions are not in the order of one-molal, 
or the concentrations are very different, then we cannot 
adhere too strictly to the table. It can be reasoned 
that as the number of ions of a solution decreases, the 
tendency for a metal to go into solution would increase; 
and if the ion concentration increases, then the tendency 
to go into solution should decrease. This reasoning 
can be proved experimentally as well as mathemati- 
cally.2* In 1888, Nernst developed a valuable equation 
to show the relationship between electrode potential 
and concentration.** Disregarding the development 
and derivation of his equation, which may be obtained 
from any standard text on physical chemistry, it may 
be stated as, 


Rt 
E = Ey + 7, log C (1) 


where E is the potential at some concentration, C, 
which is in terms of activity, Ey is the electrode poten- 
tial as obtained from the electrode potential series, 
R is a constant, ¢ the absolute temperature, u the va- 
lence of the element, and F the value of the Faraday 
(96,494). At 25°C. equation (1) resolves itself into 


E = Ey + hog Cc. (2) 


If the concentration activity is less than one, the log 
term results in a negative value, thus making £ less 
than, or rather, more negative than, Eo. If the con- 
centration activity is more than one, then E£ will be 
more positive than EK). It has been proved that the 
agreement between the calculated and the experimental 
values is quite close. 
22 Trans. Am. Electrochem., 34, 3 (1919). 


23 KROHNKE, MAASS, AND BECK, loc. cit., p. 14. 
24 Z. physik. Chem., 4, 129 (1889). 
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It is sometimes possible for an electronegative ele- 
ment to plate out on an electropositive element, such as 
zinc upon copper. It is a well-known fact that copper 
will usually deposit upon zinc when zinc is placed in 
even extremely diluted solutions of copper. When 
cyanide solutions are employed, however, the activity 
of copper reduces itself to such a degree that the copper 
potential becomes negative and passes that of zinc. 
When this happens, and any copper metal is present, 
the zinc in solution will deposit upon the copper. 
The phenomenon of the plating out of one metal on 
another from solutions is sometimes called cementation 
by the electrochemists. This property is often realized 
in certain stages of the electro-refining of metals such as 
nickel, copper, zinc, and lead. 

How intimately the electromotive series and the 
Nernst equation are connected with corrosion phe- 
nomena can be demonstrated by referring to Figure 1. 
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A zinc electrode is placed in a solution of zinc sulfate 
which is separated by a porous membrane from a copper 
electrode immersed in a molal solution of copper 
sulfate. According to equation (1), the zinc potential 
will be 


Zn = —0.76+ oe log Czn++ 


and this resolves itself in a one-molal solution to Zn = 
—0.76 volt. In a like manner, the copper potential 
becomes Cu = +0.34 volt. When the two electrodes 
are connected with a wire, a current will flow with a 
potential equal to the algebraic difference of the single 
zinc and copper potentials, which is 1.10 volts. It 
makes no difference whether one wishes the final poten- 
tial to be negative or positive; the important fact is 
that a difference of the two potentials is asserting itself. 
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If the zinc and copper concentrations are other than 
one molal, the following equation results: 


0.059 
n 


0.059 


. log Cours ) 


E= ( -0.76 + 


or: 


log Cant+ ) - (+ 0.34 + 


0.059 


1.) — =S ee Coss (3) 


Cant+ 


Bia 


so that if the copper activity concentration is greater 
than that of the zinc, a greater potential than 1.10 volts 
will result. On the other hand, if a greater zinc than 
copper concentration exists, a smaller potential will 
result. 

It is a well-known fact that most corrosion is due to 
acid action, or simply a cell existing between hydrogen 
and a metal. Thus, if we had substituted an acid for 
the copper solution in the previous illustration and a 
hydrogen electrode for the copper electrode, our po- 
tential would be: 


E= (-0.76 + _ 


or: 


_ Can++) 4 (0.00 4 = je Cut) 


0.76 — 2.059 tog 2Cu+ 


lies 2 a 


(4) 
It can be readily seen, then, that the concentration of 
the acid has a great deal to do with the corrosion rate. 
With metals like nickel and tin, which are very close 
to hydrogen in the potential series, and with very weak 
acids, no appreciable potential should be present, and 
consequently no corrosion results, ceteris paribus. 


HYDROGEN POLARIZATION AND OVERVOLTAGE 


It may be difficult to conceive of a hydrogen elec- 
trode, but such an electrode is quite possible. By 
definition, the hydrogen potential is zero in a solution 
with an activity of one-molal hydrogen ions. Hydro- 
gen goes into solution, or out of solution, in two distinct 
steps 

2H+ + 2 = 2H° = H,° (5) 


which are the ionic to the atomic to the molecular, when 
it is going out of solution, and the molecular to the 
atomic to the ionic when it is going into solution. 

The change from the atomic to the molecular state 
is zero when the process takes place at the surface 
of the platinized platinum electrode; at the surface 
of other metals, however, there is generally an appre- 
ciable energy change attending this transfer. As a 
rule, molecular hydrogen will deposit out as bubbles 
at the surface of metals only at the expense of 
extra energy which can be measured in terms of volts. 
Platinized platinum, palladium, and graphite seem to 
give the only surfaces which permit the evolution of 
hydrogen without expense of energy. All other 
metallic surfaces have a tendency to resist the change of 
atomic hydrogen to molecular hydrogen. This re- 
sistance is a form of hydrogen polarization. ‘The nature 
of the metal surface, the concentration and temperature 
of the solution, and the current density, are factors 
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which influence the degree of hydrogen polarization; 
but since these are secondary factors, they may be dis- 
regarded for the time being. 

The elements can be arranged in the order of their 
tendency to resist the evolution of hydrogen at their 
surfaces by comparison with the evolution of hydrogen 
at the surface of platinized platinum. This value 
measured in terms of volts is called the hydrogen over- 
voltage of that element. Thus, hydrogen polarization 
and hydrogen overvoltage are very closely related; 
the former represents the phenomenon and the latter 
has, within limits, a definite numerical value. Table 2 
gives a list, taken from Newbery,”* of these values for 
some of the more common elements. 

One can roughly say that the soft metals, 
such as zinc, lead, and mercury, have a 
high hydrogen overvoltage, while the 
hard metals, such as nickel, iron, and 
platinum, have a low hydrogen over- 
voltage. This hydrogen polarization 
manifests itself in corrosion reactions 
in several ways. 

Every one familiar with the preparation 
of hydrogen from zinc and acids realizes 
that any pure metal stubbornly refuses 
to go into solution and displace hydrogen. 
The reason becomes quite apparent when 
one studies the potentials involved. Ac- 
cording to equation (4) the potential will 
be in the order of 0.76 volt, while accord- 
ing to Table 2 the hydrogen overvoltage 
will be in the order of 0.70 volt, leaving a total of 0.06 volt 
to drive the reaction forward. One is safe in assuming 
that when the reaction is starting, the zinc concentra- 
tion will be so low and the hydrogen concentration so 
high that a sufficient electromotive force will be gener- 
ated to drive the reaction toward hydrogen evolution; 
but after the zinc surface has been attacked by the acid, 
the rate of diffusion of the zinc away from the active 
surface is so slow that its concentration asserts itself 
and the reaction immediately slows down. Before 
hydrogen can be evolved, this equation must hold: 


TABLE 2 


Zn = 0.70 
Hg = 0.61 
Mn = 0.58 
0.55 
0.50 
0.45 
0.44 
0.41 
0.39 
0.38 
0.38 


won ndnrnrnnrnnnrnnnnng 


En > Ex + Eo (6) 


Where E,, is the potential of the metal, E, the poten- 
tial of the hydrogen, and E the overvoltage of the 
hydrogen on the metal. What is frequently done to 
promote this reaction is to add a few drops of copper 
sulfate solution. The copper deposits out on the zinc, 
as previously explained, and the evolution of hydrogen 
begins immediately because the overvoltage of hydrogen 
on copper is of the order of 0.33 volt, and then, ac- 
cording to equation (6) 


0.76 > 0.00 + 0.33 


the reaction can proceed with a potential of 0.43 volt. 
Eventually, the zinc concentration of the solution will 
become so high and the acid concentration so low that 


% J. Chem. Soc., 109, 1051 (1916). 
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even this reaction will stop. Addition of traces of 
metals like nickel and platinum, with their lower over- 
voltages, should accelerate the reaction even more. 
That this is true can be ascertained from the experi- 
mental work of Centnerszwer and Sachs.”® 


THE THEORY OF LOCAL ACTION 


The explanation of the galvanic action of metals 
during the corrosion of one of the elements was first 
made by De La Rive?’ and has since been called the 
theory of local elements, the theory of galvanic elements, 
or simply, local action. Graphically the theory can be 
explained by Figure 2. 
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FIGURE 2.—MECHANISM OF “‘LOCAL ACTION” 





A piece of metal, say zinc, contains some impurity, 
such as iron. The metal is placed in an acid solution 
and, since there is a greater tendency for the hydrogen 
to replace the zinc than to replace the iron, only the 
zine will be attacked. The first stage of the action is 
represented by (A); the hydrogen ions are replacing the 
zine and discharging at the surface of both the zinc and 
the iron as in (B). It will be noted that the action is 
confined to the interface of the liquid, zinc, and iron. 
Since it is easier for the hydrogen atoms to evolve at the 
surface of the iron than of the zinc (the overvoltage 
being lower), hydrogen evolution will commence on the 
iron. This action continues with the formation of a 
cavity at the zinc-iron interface until finally all the zinc 
is corroded from the iron surface and the iron particle 
is dislodged, leaving a pit. If the piece of iron is too 
heavy to be carried out of the cavity by the liquid or gas 
currents, it remains and sinks deeper into the zinc as 
the zinc is being dissolved. The final result may be 
as shown in (C). If the iron particle had been washed 
away, then the action would cease unless other iron 
particles were present. What actually happens is 
that more impurities are uncovered as the corrosion 
action continues, so that more local action is encouraged 
and the corrosion rate speeds up. ‘This increase in the 
reaction velocity soon reaches a maximum and then 
drops down again because the active zinc surface has 
been gradually replaced by the non-dissolving iron 
(or other) impurities. This may be represented as in 
Figure 3. Figure 3 (A) represents a side view of a 
metal which contains impurities being attacked by a 
corroding solution. Section (B) shows the metal 
after it has corroded and three impurity particles have 





26 CENTNERSZWER AND SACHS, Z. physik. Chem., 87, 692 (1914). 
7 Ann. chim. phys., 45, 425 (1830). 
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FIGURE 3.—MECHANISM OF ‘‘PERIOD OF INDUCTION” 









been uncovered, reducing the active area of the dis- 
solving metal. Section (C) shows the surface of the 
metal nearly covered with the impurity. At this point, 
the reaction has slowed down, and it is even possible 
that the impurities would be attacked by the acid. 

The period from the time the metal is placed in 
contact with the corroding solution until the solution 
velocity is at its maximum is called the period of induc- 
tion. The significance of this period has frequently 
been overlooked in the corrosion researches in this 
country. Its application will be discussed under an 
appropriate heading later. 

Auren?’ and Palmaer®® have contributed very valu- 
able information on the theory of local action and its 
application. Not only were they interested in applying 
the Nernst equation but they also developed an equa- 
tion involving the possible electrical resistance of the 
local action circuit. The derivation of their formula is 
very instructive and simple. 

Their problem was to find the velocity of the reaction 
between a metal and an acid in terms of the number of 
cubic centimeters of hydrogen evolved in unit time; 
then if @ equals the number of cubic centimeters 
evolved in one ampere minute, 7 will equal the total 
intensity of the local action currents: 


dV/dT = $1. 


And since E = iR where R is the resistance of the local 
elements and £ the potential of the local elements, 


= 

dV/dT = R° 
One can denote the specific electrical conductivity of 
the solution by L and the resistance capacity of the 
local elements by C, so that R = C/L; then, 

avjar = S22, (7) 
If we take the value for ¢ under ideal conditions and 
760 mm. and 0°C., the equation gives, 


_ (6.95)-EL 
aV/aT = 


28 AUREN, Z. anorg. Chem., 27, 209 (1901). 
29 AUREN AND PALMAER, Z. physik. Chem., 39, 1 (1901); 45, 


182 (1903); 46, 689 (1906). 
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If, for example, iron is being corroded with an acid, 
the following will hold: 


E = Er. — En — Eo 
E = 0.46 — 0.24 = 0.22 volt 
Then, 


6.95 L (0.22) — _ (log Cr. — 210g Cu) 


dV/dT = C 





All the factors can be obtained in advance except C, 
which can be established as a constant after several 
runs on the same metal. 

Palmaer in his three-volume series on corrosion*® 
gives a splendid account of the theory and application of 
local action. It should be appreciated that most of his 
results have checked his theory time after time, When 
we discuss the factors affecting corrosion it will become 
more apparent just how valuable equation (7) is in 
explaining many of the factors. 


IMPORTANCE OF OXYGEN 


So far only those corrosion reactions involving the 
evolution of hydrogen have been discussed. With most 
corrosion reactions the hydrogen-ion concentration is so 
low that it is impossible for a great enough potential to 
be developed so that hydrogen is evolved. Take, for 
instance, the corrosion of iron water pipes and outdoor 
iron and steel work which are subject to the action of 
water. Disregarding the effects of dissolved gases and 
salts, the hydrogen-ion concentration of water will be 
around 10~’ gram ions per liter. This concentration is 
extremely low, and considering the overvoltage one can 
see why hydrogen evolution does not proceed. If the 
overvoltage is very low, then it is possible that hydrogen 
evolution will take place. The author has taken 
palladium and platinum-plated base metal specimens, 
placed them in distilled water, and observed hydrogen 
evolution at the scratches. Fortunately, most metals 
do not contain platinum and palladium as impurities, 
so that this evolution of hydrogen does not take 
place. 

If hydrogen were not removed from the surface, 
corrosion action would cease or would be so low as to be 
insignificant. Oxygen is always present in solution, 
however, and has the ability to react with the atomic 
hydrogen, forming water. This, then, is a means 
whereby the discharged hydrogen is constantly re- 
moved, resulting in a slow but steady rate of corrosion, 
the rate being dependent, of course, upon the diffusion 
of the dissolved oxygen to the active metal surface. 
Oxygen in this réle is called a depolarizer. Equation (7) 
then becomes, *! 


dV/4T =¢ z ( ~En — Eo + Ea — 0.059 (“ES -_— Cu)) 
(8) 


80 PaALMAER, ‘‘The corrosion of metals,’’ Ingeniorgvetenskeps- 
akademiens Handlingar, No. 93 and 108, Svenska Bokhandels- 
centralen, 1929. é 

31 PaALMAER, loc. cit., vol. 1, p. 32. 
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where dV /dT is the reaction velocity in terms of the 
amount of metal dissolved in unit time, ¢ the amount 
of metal dissolved per minute, £,, the potential of the 
metal according to Table 1, EK) the overvoltage, and 
E, the potential of the depolarizer; the other terms 
are the same as before. 

The absence of oxygen, then, in all cases where 
hydrogen does not evolve, results in negative corrosion 
reactions. Too much oxygen, on the other hand, may 
promote the formation of insoluble oxide films which 
inhibit attack. These slightly soluble oxide films are 
called passive films and the phenomenon is known as 
passivity. It is evident, then, that too much or too 
little oxygen inhibits corrosion while a definite amount 
promotes it. This brings one to an enormous field 
of study—that of the influence of oxygen concentra- 
tion. 

With the metals below hydrogen in the electromotive 
series, such as copper, the oxygen forms an oxide film 
which is soluble in most solutions. In this réle, oxygen 
acts in a primary way, attacking first the metal, and 
then the resulting oxide, which dissolves in the acids or 
salts in solution of the corroding medium. 

In this section only those corrosion phenomena have 
been studied which exist under so-called ideal condi- 
tions. Any one familiar with the actual facts realizes 
that there are a very great number of factors which 
(individually and collectively) influence the corrosion of 
metals—such as kind of solution, physical state of the 
metal, temperature, concentration, oxygen concentra- 
tion, diffusion, light, colloids, etc. These factors are to 
be discussed in the following paper. 


(Part II of this series will appear in the A pril issue.) 


STUDENT ATTENDANCE AT THE 
WASHINGTON MEETING OF THE 
AMERICAN CHEMICAL SOCIETY 


The American Chemical Society makes a special 
concession to regular students, of either colleges or high 
schools, by allowing them to register and attend its 
meetings at the minimum rate of $3.00. There will 
doubtless be many students who will want to attend the 
meeting of the Society taking place in Washington, 
D. C., during the week of March 27. The Washing- 
ton Y. M.C. A. has agreed to furnish accommodations 
for such students at the minimum rate of $1.00 per day 
in double rooms or $1.50 in single. The Division of 
Chemical Education is always anxious to help students 
to attend the Society’s meetings and through its secre- 
tary (N. W. Rakestraw, Brown University, Providence, 
R. I.) will be glad to correspond with any who wish 
further information concerning details. In certain 
cases in the past it has been possible to arrange trans- 
portation, sometimes from considerable distances. 
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SOME LETTERS of th REVEREND 
DR. JOSEPH PRIESTLEY, F.R.S. 


RONALD A. MARTINEAU DIXON OF THEARNE 


Thearne Hall, near Beverley, England 


ROM a perusal of Dr. Edgar Fahs Smith’s copy 

of that most interesting book by Henry Carrington 

Bolton, entitled “Scientific Correspondence of 
Joseph Priestley,” privately printed (250 copies) in 
New York and Philadelphia in 1892, and very kindly 
lent by Miss Eva Armstrong, Curator of The Edgar 
Fahs Smith Memorial Collection in the History of 
Chemistry, University of Pennsylvania, we note that 
the author prints ninety-seven Priestley letters extend- 
ing over the years 1780-1804. 

Sir Charles Grant Robertson, vice-chancellor and 
principal of the University of Birmingham, England, 
in a letter dated the 17th of February, 1931, drew the 
present writer’s attention to “‘some Boulton and Watt 
material at the Assay House.’ That is at Birmingham. 
Sir Charles went on to write: ‘“Whether there is any- 
thing there bearing on Priestley I do not know, but it 
would be worth enquiring if you have not already 
done so. The Assay Office Master is Arthur West- 
wood.”’ 

Mr. Arthur Westwood, the Assay Master, was then 
consulted. In a letter dated the 4th of March, 1931, 
he said: “ I am very pleased to hear that you 
are writing an account of Dr. Priestley and his Circle. 
We have here six letters written to Matthew Boulton 
by him between 1775 and 1786. ..... We would be 
pleased to send you copies of Dr. Priestley’s letters. ...’’ 

On the 24th of March, 1931, Mr. A. H. Westwood, 
on behalf of his father, who was then ill at home, 
forwarded the copies of this Priestley-Boulton corre- 
spondence. Later, on the Ist of April, 1931, when 
sending very welcome news of his father’s progress 
toward recovery from pneumonia, he added: 

“He asks me to say that you have his full permission 
to print the letters if you should think fit 

Dr. H. C. Bolton was, no doubt, quite unaware of 
the letters at the Assay Office. None of the six appear 
in his book and no mention is made of them by him. 
With one exception all of them date from a period in 
Priestley’s life prior to any of the letters printed in 
Dr. Bolton’s book. For this reason, together with the 
fact that they so clearly show Dr. Joseph Priestley— 
the “greatest’’ man the English race has produced—at 
every-day work, they are of peculiar and particular 
interest. They, as before mentioned, range from 1775 
to 1786 and are known as part of the Tew Mss. 

The letters explain themselves. They do‘not need 
any comment or further explanation. They now 
follow. 


THE LETTERS 


Calne 22 Oct. 1775 
[Tew Mss.—Copy] 


DEAR SIR 

As you are a friend of science as well as a great promoter of the 
arts, I make no apology for troubling you with a commission which 
I do not know [how] to get executed any other way. 

When I had the pleasure of seeing you at Birmingham, you gave 
me a few pieces of refuse Derbyshire Spar. It lay, I remember, in 
an open Court, and I think you said was not fit for any use to 
which you applied such materials. I find it to be the same thing 
with the fluor spaterus, from which the new mineral acid[*] 1s 
extracted, and by means of the pieces with which you furnished me 
I have completely investigated the nature of it, and can prove, 
what no chymist who has treated of it has suspected, that the acid 
is no other than the vitriolic employed in the solution of the spar, 
volatilized by the phlogiston it contains. 

My stock of Spar is now almost exhausted, and I am at a loss to 
procure more. My friends and correspondents are also frequently 
applying to me for this spar. I beg, therefore, you would, as soon 
as you conveniently can, send me a few pounds of it by the coach, 
directed to me at Shelburne house Berkley Square, where I expect 
to arrive tomorrow. It is of little consequence what colour the 
spar is of, but the more white or yellow the better. However, 
send the pieces at Random. 

If you should have as much by you as you had when I was at 
Birmingham, I wish that, after the parcel by the Coach, which I 
shall want immediately, you would send me ten or twenty pounds 
by the Waggon. 

If you should have none of this spar by you, I shall take it asa 
favour, if you will write to your correspondent in Derbyshire, and 
desire him to send as above, and such pieces as are of no use to him. 
It is generally pounded before it is used, as I want it. 

Depending upon’ your friendship in this emergency, I am, Dear 
Sir, Your obliged humble Servant 

J. PRIESTLEY. 
PS. 

Had L. Shelburne been in the country J would not have put you 
to any expense for this letter. 7 

I have in the press a second Volume of Experiments on Air, 
containing matter which I flatter myself will give you some pleas- 
ure. 

[Addressed] 
To Mr. Bolton [Boulton] 
at Soho 
Birmingham. 


[Tew Mss.—Copy] 


DEAR SIR 

On Saturday last late in the evening I received the box of [Derby- 
shire] Spar you were so obliging as to send me, a day or two after 
your letter. But not hearing from you, on receiving the parcel, 
very soon, I had desired Mr. [John] Whitehurst, late of Derby, 
to order me a quantity, which I take for granted he has done; so 
that if the large quantity be not sent off, you may save yourself the 


[* hydrofluoric] 
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trouble. If it be sent off, I shall only have the more to spare for 
my friends. This isa very seasonable supply. I have promised to 
shew Count Orloff, and some other foreigners, some of my experi- 
ments &c. on Wednesday next, and should not have been able to 
shew them those on this acid. [hydrofluoric.] 

You need not watch for my book.[*] It will be a pleasure to me 
to send you a copy as soon as any are finished, which will be, I 
expect, in a fortnight or three weeks. You will then judge whether 
this spar contains a really new acid, or not. 

It will be a great pleasure to me to see your improvements in 
fire engines, and all your other valuable improvements in mechanics, 
and the arts, whenever I may have an opportunity of seeing 
Birmingham.’ In the mean I hope you will have many opportuni- 
ties of giving me a call in London, if not at Calne. I shall not 
quarrel with you on avowal of our different sentiments in Politiks. 
When I tell you what is fact, that the Americans have constructed 
a canon on a new principle, by which they can hit a mark at the 
distance of a mile, you will say their ingenuity has come in aid of 
their cowardice. It would tell you the principle of it, but that Iam 
afraid you would set your superior ingenuity at work to improve 
upon it, for the use of their enemies. 

I am, 
Dear Sir, 
Yours sincerely 
J. PRIESTLEY. 
London 6 Novr. 1775 
[To M. Boulton, Birmingham. | 


* * * * 


[Tew Mss.—Copy] 


DEAR SIR 

As I knew you will take pleasure in every thing in which the 
advancement of science is concerned, I take the liberty to recom- 
mend to you Mr. Waltire, who h[as] been some time in this part 
of the [Co]luntry, and who is going to read [a] Lecture on the 
subject of air at Birmingham. I think him an excellent philoso- 
pher, as well as a modest and agreeable man. He is perfectly 
acquainted with his subject, and has prepared a set of experiments 
which have given the greatest satisfaction wherever he has been. 
He has been so obliging as to spend some time with me, and has 
given me much assistance in my late experiments, of which he can 
give you some account. 

I have been fortunate in the prosecution of my experiments, and 
ain preparing a third volume|t] which I hope to publish before the 
next spring. I hope you recjeived] the second volume, which I 
desired my [book ]-seller to send you, and am, 

Dear Sir, 
Yours sincerely 
J. PRIESTLEY. 


Calne 28 Septr. 1776. 
[Addressed | 
To Mr. Bolton [Boulton] 


Soho, 
Birmingham. 


[Tew Mss.—Copy] 


DEAR SIR 

Having experienced your readiness to assist me in my philosophi- 
cal inquiries, I am encouraged to apply to you again. Thus, I wish 
to procure air as it is actually breathed by the different manu- 
facturers in this Kingdom and I hope you will be so obliging as to 
procure me the proper samples from Birmingham. 

The method of doing it is simply this—Fill a clean phial (about 
eight ounces) with clear water, and emptying it in the place the air 
of which you would take, immediately cork it well, and open it no 


[* “Experiments and Observations on Different Kinds of Air,”’ 


Vol. 2.] 
[t ‘‘Experiments and Observations on Different Kinds of Air,” 


1777.) 
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more. I only wish you would do this in those places when you 
suspect the air to be the worst, on account of bad fumes or a number 
of people working together &c, and not at your place in the country, 
but in the middle of the town. I should be glad also to have the 
air of some of your closest streets, and likewise the best in your 
neighbourhood, noting the state of the weather at the time. 

.I hope this will not be very troublesome to you, and I shall be 
glad to pay any expence that may attend it. Send the box of 
phials to Shelburne house Berkley Square London. 

I am told you are acquainted with Mr. [James] Keir the trans- 
lator of Macquer’s Dictionary [of Chemistry 3 vols.8vo. 1777]. 
I have just got the new edition of that work, and his treatise on 
different kinds of air. I have not yet read the whole of it, but have 
cast my eye on one of his own experiments, by which he controverts 
my idea of the constitution of atmospherical air and think it would 
be right to inform him that it is quite fallacious, as the minium 
will yield just as much air, and of the same quality, without the 
oil of vitriol, as with it, and that in the experiment of mine which he 
criticizes he has overlooked the principal circumstance belonging to 
it—Whether it be owing to the person being unaccustomed to 
these experiments, or some other cause, I find very few who make 
them with due circumspection. I consider Mr. Keir as a very 
able chymist, and useful writer, but I cannot help smiling at his new 
phraseology, and his puffing of Van Helmont. 

I am, dear Sir, Yours sincerely. 

J. PRIESTLEY. 
PS. 

Please to direct to me under a cover directed to Ld. Shelburne, 
Calne, Wilts. 
[Endorsed | 


J. Priestley Calne. [No date.] 


[Tew Mss.—Copy] 


DEAR SIR 

I took the liberty, some time ago, to beg the favour of you to send 
me some phials of air from Birmingham, I have not had the 
pleasure to hear from you in answer to my request; but three 
weeks ago I received a box of 18 GREEN PHIALS, which had been 
filled with quicksiller, and carefully numbered. As there was no 
letter accompanying them, I presume you wrote one, and that it 
has miscarried. If you did send the phials, and the letter has mis- 
carried, I must beg the favour of you to write again, explaining the 
Nos. of the phials. 

I am very sensible of my obligations to you, and am, Dear Sir, 

Yours sincerely 
J. PRIESTLEY. 


Calne 25 Nov. 1777. 
[To M. Boulton, Birmingham]. 


[Tew Mss.—Copy] 


DEaR SIR 

As I shall still have time enough at Colebrookdale, I shall with 
pleasure defer my journey till tomorrow for the sake of your com- 
pany, and I shall be glad to conform to your mode of travelling 
whatever it be. 

I shall be at the Swan with a horse but in time for the stage 
tomorrow. 

I am, Dear Sir 
Yours sincerely 
J. PRIESTLEY. 
Fair Hill [Birmingham] 
Tuesday 

P.S. If you prefer horses to W.hampton Please to let me know 
in time. 
[Addressed] To Mr. Boulton, Soho. 
[Endorsed; Dr. Priestley. [Suppose abt. 1786.] 
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PETER PORCUPINE’S PERSE- 
CUTION of PRIESTLEY’ 


LYMAN C. NEWELL 


Boston University, Boston, Massachusetts 


Priestley was a dissenter in religion and a democrat in 
politics at a time when these beliefs were unpopular. In 
his speeches, pamphlets, sermons, and books (except 
scientific books) he aroused the opposition of leaders in 
both church and state. Moreover, he was disputatious by 
nature, not violent, but persistent. He nagged his op- 
ponents. Hence he was constantly subjected to persecu- 
tion, especially during the last twenty years of his life. 
After the riots in Birmingham, the persecution became so 


+++ 


HE persecution of Priestley by ardent adherents 
of the government and the established church of 
his native country is a matter of detailed record. 
He was also subjected to persecution very soon after his 
arrival in America, and this persecution was inflicted by 
the same type of enemy as in Great Britain. The 
attack was made through a pamphlet entitled ‘Ob- 
servations on the Emigration of Dr. Joseph Priestley.” 
The pamphlet was written by an anonymous scribbler, 
who concealed his identity under the alliterative and 
suggestive pseudonym of Peter Porcupine. Subse- 
quently, Peter Porcupine was discovered to be an 
Englishman named William Cobbett. 
A copy of this rare pamphlet came into my possession 


* Presented before the Division of History of Chemistry at the 
83rd meeting of the American Chemical Society, New Orleans, 
La., March 28 to April 1, 1932. 


discomforting and unbearable that he emigrated from En- 
gland to America. However, he did not change his views on 
religion and, especially, on politics, nor did he modify his 
methods of expression. Hence he was persecuted in the 
“land of the free.’ This paper gives an account of a 
vicious attack on “‘the honest heretic’ by an English 
refugee named Cobbett, who accomplished his purpose by 
writing a pamphlet under the pen-name of Peter Porcu- 
pine. 


++ + 


recently, and after a critical examination I concluded 
that an account of this distressing experience of Priest- 
ley should be added to the accessible literature dealing 
with the history of chemistry in America. 

In considering Priestley’s experiences in both England 
and America we must remember certain fundamental 
facts. Chemistry was his avocation. Theology was 
his vocation. He was a theologian by education and 
training, and a persistently disputatious dissenter. 
Also he was a democrat, literally an uncompromising 
advocate of the rights of the people of all countries. 
Moreover, he was a prolific writer in these two fields— 
theology and politics—and published an appalling 
array of books and pamphlets setting forth his own 
views and opposing those of his adversaries. Conse- 
quently, for many years he was in continuous conflict 
with the government and the established church of 
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Great Britain. We must likewise remember that 
Priestley lived at a time when the world was involved 
in a bitter struggle; liberty was being born. 

We pass over Priestley’s early contacts in education, 
theology, and science, emphasizing merely the fact that 
he early became a dissenting miaister who spent his 
spare time performing experiments in natural philoso- 
phy, the greater and more important part being 
in chemistry. 

In 1767 Priestley went to Leeds as the minister of 
Mill Hill Chapel. The congregation was “‘liberal, 
friendly, and harmonious,” so Priestley said, and he at 
once threw himself whole-heartedly into this work. 
He renewed his theological studies and launched again 





PROBABLY AN EXCELLENT LIKENESS OF PRIESTLEY 


into controversies in theology and politics to such an 
extent that he acquired a notoriety for the advocacy of 
“heterodox principles in religion and advanced ideas 
in politics.’ 

He remained in Leeds six years and left to become a 
companion and literary adviser of Lord Shelburne. 
The next seven or eight years were fruitful for chemis- 
try. But Priestley became uneasy. He longed for a 
more active life among the people. So he relinquished 
his position with Lord Shelburne in 1780 and soon 
afterward became the minister of a group of dissenters 
in Birmingham known as the New Meeting—an 
event called by Priestley ‘‘the happiest of my life.” 

Priestley’s work in Birmingham ended abruptly and 
disastrously in 1791 through an outbreak known as the 
Birmingham riots. For many years he had been a 


conspicuous advocate of liberalism in theology and 
politics, and a pestiferous agitator of disputed ques- 
tions. 


This persistent opposition to church and king 
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made Priestley obnoxious to divines and statesmen. 
He had done much to irritate both parties, especially 
while in Birmingham. When the French Revolution 
broke out Priestley expressed sympathy for the people 
and continued to show his interest in their cause. He 
was not an advocate of violence, and he did not approve 
of unrestrained personal liberty, but he did favor free 
speech in politics and religion. On July 14, 1791, the 
second anniversary of the fall of the Bastille was observed 
by a dinner in Birmingham sponsored by the liberal- 
minded citizens. Priestley did not attend the dinner 
nor did he write the seditious handbill which had been 
widely distributed early in July. Nevertheless the 
people associated him with these events and similar 
ones. A mob pillaged and burned the New Meeting 
House—Priestley’s church. Then the rioters hurried 
to Priestley’s house and destroyed the building and 
much of its contents, including valuable manuscripts, 
books, and apparatus. Priestley and his wife barely 
escaped with their lives. After taking temporary 
refuge with some friends, they went to London. One 
of the sequels of this disaster was the payment of about 
£2500 to Priestley in settlement of his claim for dam- 
ages. The Birmingham riots continued for several days 
and were finally quelled by the military. However, 
the calamity did not alter Priestley’s views toward 
church and state. In a letter written October 3, 1791, 
he speaks of ‘‘acknowledging but one law-giver in the 
church, and a submission in all events to His authority 
in opposition to everything human.” ‘“‘We have much 
to fear,” he continues, “‘from the rising spirit of bigotry, 
encouraged by the clergy, and I fear the court too.” 
Nor did the riots sober his enemies. Priestley was 
often burned in effigy and several scandalous cartoons 
of him were printed. Open threats of violence were 
made; landlords were reluctant to let him live in their 
houses; servants refused to continue in his employ; 
certain members of the Royal Society, once his friends, 
now shunned him. The only aid and comfort came 
from dissenting ministers and a few scientific workers. 
One authority says, ‘the King and Church party did 
everything in their power to make his existence im- 
possible.” He preached for a time in Hackney, as- 
sembled some apparatus for a laboratory in this place, 
and tried to continue his experiments in chemistry. 
But renewed threats of violence made his position un- 
tenable, even dangerous. So he left England, and 
joined his sons in Northumberland, Pennsylvania, 
where he lived contentedly until his death, February 6, 
1804. 

Priestley and his wife sailed for America on April 8, 
1794, and after an unpleasant voyage arrived in New 
York on the evening of June 4. They were met by 
their son Joseph and his wife who conducted them to a 
nearby lodging house, which had been the headquarters 
of Generals Howe and Clinton. 

Priestley’s arrival in America was a conspicuous 
event. The daily papers had published notices of his 


departure from England and in some way had obtained 
advance information about his arrival. 


As a result 
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representatives of different organizations prepared 
addresses of welcome in time for delivery soon after his 
arrival. One New York newspaper, the American 
Daily Advertiser, published an editorial from which we 
quote two significant paragraphs: 


The name of Joseph Priestley will be long remembered among all 
enlightened people; and there is no doubt that England will one 
day regret her ungrateful treatment to this venerable and illustrious 
man. His persecutions in England have presented to him the 
American Republic as a safe and honourable retreat in his declining 
years; and his arrival in this city calls upon us to testify our respect 
and esteem for a man whose whole life has been devoted to the 
sacred duty of diffusing knowledge and happiness among nations. 

The citizens of united America know well the honourable dis- 
tinction that is due to virtue and talents; and while they cherish 
in their hearts the memory of Dr. Franklin as a philosopher, they 
will be proud to rank among the list of their illustrious fellow citi- 
zens the name of Dr. Priestley. 


Within the next few days, in fact in one or two cases 
on the morning following their arrival, the Priestleys 
were visited by Governor Clinton, Dr. Prevost, Bishop 
of New York, representatives of the principal mer- 
chants, and deputations from political, educational, 
and scientific societies. Several organizations pre- 
sented addresses of welcome which Priestley graciously 
acknowledged. 

These addresses and the replies of Priestley led to the 
abusive attack upon him by William Cobbett who, as 
stated above, under the pseudonym of Peter Porcupine 
wrote the pamphlet entitled ‘Observations on the 
Emigration of Dr. Joseph Priestley.” 

Inasmuch as the addresses and replies were the cause 
of the persecution of Priestley by Peter Porcupine, 
it is highly desirable to consider them in detail. 

A committee representing the Democratic Society of 
the City of New York after bidding Priestley welcome 
to these ‘‘shores of Liberty and Equality” and referring 
to the despotism of the governments of the old world 
said: 

. . . . we consider the persecution with which you have been pur- 
sued by a venal Court and an imperious and uncharitable priest- 
hood as an illustrious proof of your personal merit and a lasting 


reproach to that Government from the grasp of whose tyranny you 
are so happily removed. 


Priestley in his reply spoke of the unsettled condition 
of Europe, due to tyrannies originating in a degenera- 
tion of the spirit of liberty, and continued thus: 


PRIESTLEY AUTOGRAPH FROM THE AUTHOR’S COLLECTION 
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WILLIAM COBBETT 


I rejoice in finding an asylum from persecution in a country in 
which these abuses have come to a natural termination, and have 
produced another system of liberty founded on such wise princi- 
ples, as, I trust, will guard it against all future abuses; .. . . that 
protection from violence which laws and government promise in all 
countries, but which I have not found in my own, I doubt not I 
shall find with you... . 


The Tammany Society about a week after Priestley 
arrived sent a committee and presented him with an 
address of welcome of nearly a thousand words. In it 
the Society mentions Priestley’s ‘industrious pursuit of 
knowledge’ and his ‘‘numerous discoveries in Nature,” 
calls him a ‘‘friend of mankind,”’ ‘‘asserter of the rights 
of conscience and the champion of civil and religious 
liberty,’’ and expresses regret for the destruction of his 
philosophical apparatus, library, and manuscripts by 
the ‘‘spoilers.”’ Specific and somewhat fulsome empha- 
sis is laid upon America as an asylum for the man who 
has been so persecuted by state and church that at an 
advanced age he was compelled to flee from his native 
land— 


. . a country for whose improvement in virtue and knowledge 
you have long disinterestedly laboured, for which its rewards are 
ingratitude, injustice, and banishment. 


Priestley’s reply contains some significant passages, 
which we should interpret, as far as ‘““Tammany’’ is 
concerned, from the standpoint of 1794, not of 1932 or 
some years prior thereto! He said at first: 
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I think myself greatly honoured, flying as I do, from ill treatment 
in my native country, on account of my attachment to the cause of 
civil and religious liberty, to be received with the congratulations of 
“a Society of Freemen associated to cultivate the love of liberty, 
and the enjoyment of a happy Republican government.” 


After referring graciously to the venerable ancestors 
of ‘‘Tammany,” he said: 


Their strenuous exertions and yours now give me that asylum 
which at my time of life is peculiarly grateful to me, who only wish 
to continue unmolested those pursuits of various literature to 
which, without having ever entered into any political connexions, 
my life has been devoted. 


He concluded by declaring his regret at the prevail- 
ing political conditions in. England and his hope that 
whatever was imperfect might be removed. 

The Associated Teachers in the City of New York 
presented a message full of sympathy and respect, and 
expressed the hope ‘‘of sharing in some degree that 
patronage of science and literature which it has ever 
been your delight to afford.’’ We quote one remarkable 
paragraph: 


Our most ardent wishes attend you, good Sir, that you may find 
in this land a virtuous simplicity, a happy recess from the intriguing 
politics and vitiating refinements of the European world; that your 
patriotic virtues may add to the vigour of our happy Constitution 
and that the blessings of this country may be abundantly remuner- 
ated into your person and your family. 


Priestley was deeply touched by this genuine greeting 
and his reply, though brief, was a sincere reciprocation. 
Here are some condensed extracts. — 


A welcome to this country from my fellow labourers in the 
instruction of youth is... . peculiarly grateful tome... .. In 
some form or other this [teaching] has been my employment and 
delight; and my principal object in flying for an asylum to this 
country . .. . is that I may, without molestation, pursue my 
favourite studies. And if I had an opportunity of making a choice 
of an employment for what remains of active exertion in my life, 
it would be one in which I should, as I hope I have hitherto done, 
contribute with you, to advance the cause of science, of virtue, 
and of religion. 


There were only a few scientific societies in America 
at the time of Priestley’s arrival. One of these, the 
Medical Society of the State of New York, presented 
an address of welcome through its president. In the 
address he expressed: 


. . real joy, in receiving among us, a gentleman whose labours 
have contributed so much to the diffusion and establishment of 
civil and religious liberty, and whose deep researches into the true 
principles of natural philosophy have derived [contributed] so 
much improvement and real benefit, not only to the sciences of 
chemistry and medicine, but the various other arts, all of which are 
necessary to the ornament and utility of human life. 


In his reply Priestley said: 


.... Tocontinue, without fear of molestation, on account of the 
most open profession of any sentiments, civil or religious, those 
pursuits which you are sensible have for their object the advantage 
of all mankind, . . . . is my principal motive for leaving a country 
in which that tranquility and sense of security which scientifical 
pursuits require cannot be had;.... 
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The Republican Natives of Great Britain and Ireland, 
sensing keenly the conditions under which Priestley 
spent the last four years of his life in England, presented 
a fervid address in which they not only welcomed 
Priestley to the country having the only form of 
government ‘‘worthy the wisdom of man to project, or 
to which his reason should assent.’’ They also took 
advantage of the opportunity of his arrival to express 
their disapproval of “the corrupt and tyrannical 
government” of Great Britain and of the existence of 
slavery in America. 

Priestley’s reply was not emotional but it was precise 
in its denunciation of the civil and religious policies of 
Great Britain. He refers in the beginning to the 
preference they have for the freedom under the govern- 
ment of the United States over the restrictions imposed 
by the government of their former country. Then he 
says: 

There [in Great Britain] all liberty of speech and of the press as 
far as policies are concerned is at an end, and a spirit of intolerance 
in matters of religion is almost as high as in the time of the Stuarts. 
Here . . . . every man enjoys invaluable liberty of speaking and 
writing whatever he pleases. 


Priestley was soon to discover, however, that the 
sentiments uttered in the last sentence work both 
ways. 

Continuing, Priestley expresses a belief that Great 
Britain will institute reforms which will eventually 
correct the evils resulting from an hereditary monarchi- 
cal government. Then he says: 


I congratulate you, gentlemen, as you do me, on our arrival in 
a country in which men who wish well to their fellow citizens . . 
are in no danger of being treated like the worst felons, as is now 
the case in Great Britain. 

Happy should I think myself in joining with you in welcoming 
to this country every friend of liberty, who is exposed to danger 
from the tyranny of the British Government, and who, while they 
continue under it, must expect to share in those calamities, which 
its present infatuation must, sooner or later, bring upon it. 


It is evident even from these short extracts that 
Priestley expressed himself freely about the treatment 
meted out to him by representatives of the church and 
the government in England. Nor did he leave any 
doubt in the minds of his hearers about his own civil 
and religious views in general. Consequently, as 
already stated, Priestley was made the victim of a 
vicious attack by an anonymous writer, who, however, 
was soon found out to be William Cobbett concealed 
by the alliterative pen-name of Peter Porcupine. 

The immediate cause of Peter Porcupine’s attack on 
Priestley was an article in a newspaper. This article 
was a reprint of the addresses presented to Priestley 
and his replies thereto. Cobbett yielded to a sudden 
impulse and wrote the pamphlet setting forth in pictur- 
esque, incisive language what he regarded as the villain- 
ous behavior of this exile Priestley, who by word and 
act was vilifying the country and government loved by 
Cobbett himself. This pamphlet, as stated above, 
is the one entitled ‘“‘Observations on the Emigration of 
Dr. Joseph Priestley.” 
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Before considering the pamphlet, let us find out 
something about William Cobbett, especially his career 
up to the time of Priestley’s arrival (June 4, 1794) and 
including the six years thereafter. 

William Cobbett (1762-1835) was born at Farnham 
in Surrey, England. His early days were spent on a 
farm and in the fields. As a lad he had no educational 
advantages. He left the farm at the age of sixteen, 
went to London where he obtained employment as a 
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Wuicu HE ATTACKS JOSEPH PRIESTLEY 


(From the collection of Lyman C. Newell.) 


copying-clerk to an attorney, but finding this; task 
distasteful after a few months he enlisted in a line 
regiment. All his leisure hours were devoted to learn- 
ing English grammar and reading English classics. 
He was soon promoted, and went with his regiment to 
Nova Scotia, where he continued his self-education. 
At the end of 1791 his regiment returned to England, 
and Cobbett obtained an honorable discharge. At this 
time (early in 1792), his activity in certain military 
matters and the threats of enemies caused hith to flee to 
France. Getting into trouble again, he left France 
suddenly and emigrated to America (October, 1792). 
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He supported himself by teaching English to French 
refugees, supplementing this work by translating books 
from and into this language. But being a political 
agitator, he could not restrain an impulse to attack all 
men who held views differing from his own. The 
Priestley pamphlet was his first outburst and it was 
quickly followed by others. He took the Federal side 
in American politics and over the signature of Peter 
Porcupine lashed American denrocracy and French 
republicanism in coarse and bitter language. In 
January, 1796, he began to publish a monthly tract 
called ‘The Censor.” This was discontinued after 
eight numbers, and replaced by a daily newspaper 
named ‘“‘Porcupine’s Gazette,” which was issued for 
about two years (end of 1799). He opened a bookstore 
at Philadelphia in July, 1796, and reprinted, published, 
and sold much of the current loyalist literature, chiefly 
the violent type. Being a fomenting factor in Ameri- 
can political and civil life, he had to reap the conse- 
quences. He narrowly escaped conviction in one suit 
for libel, and was fined $5000 in another suit; the latter 
was brought by Dr. Benjamin Rush. His enemies in 
Philadelphia became so numerous and active that 
Cobbett transferred his business to New York, and 
started a new federal monthly, ‘““‘The Rushlight.”’ But 
by this time America became too hostile, and he 
departed for England in June, 1800. 

Going back to the pamphlet attacking Priestley, we 
take up more or less in detail the parts connected 
directly with Priestley. 

In the introduction Peter Porcupine gives certain 
reasons for writing the pamphlet. He says: 


When the arrival of Doctor Priestley in the United States was 
first announced, I looked upon his emigration (like the proposed 
retreat of Cowley to his imaginary Paradise, the Summer Is- 
lands) as no more than the effect of that weakness, that delusive 
caprice, which too often accompanies the decline of life, and which 
is apt, by a change of place, to flatter age with a renovation of 
faculties, and a return of departed genius. Viewing him as a 
man that sought repose, my heart welcomed him to the shores of 
peace, and wished him, what he certainly ought to have wished 
himself, a quiet obscurity. But his answers to the addresses of 
the Democratic and other Societies at New York, place him in 
quite a different light, and subject him to the animadversions of a 
public, among whom they have been industriously propagated. 





His answers to the addresses of the New-York societies are 
evidently calculated to mislead and deceive the people of the 
United States. He there endeavours to impose himself on them 
for a sufferer in the cause of Liberty;- and makes a canting pro- 
fession of moderation, in direct contradiction to the conduct of 
his whole life. 


The newspaper article which started Cobbett on his 
polemical career was a reprint of the addresses offered to 
Priestley on his arrival in the United States, together 
with Priestley’s replies. The addresses seemed to 
Cobbett full of ‘‘malicious attacks upon the monarchy 
and the monarch of England.” The replies he regarded 
as “‘invectives against England” by the learned Doctor. 
Cobbett rallied at once to the defense of his native 
country and, as usual, his method of defense was to 
take the offensive. 
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WILLIAM COBBETT AS A RECRUIT 
(From a caricature by Gillray.) 


In a few words, Priestley was to Cobbett not an 
English democrat seeking a republican harbor from 
English repression nor an English dissenter looking for 
a haven from English ecclesiasticism, but a traitor to 
the king and a foe to the established church. So 
Cobbett, under the pen-name of Peter Porcupine, 
poured the full torrent of his wrath upon Priestley. 

The pamphlet as first written comprised 62 pages. 
It was reprinted in various forms from 30 to 88 pages, 
the last named being the number in my copy of the 
third edition. It bore no author’s name on the title 
page, and the short preface (6 pages) is signed merely 
“The Author.” The date of the preface is February 8, 
1795. The publisher was Thomas Bradford. Cobbett 
had some difficulty in finding a publisher in such an anti- 
British city as Philadelphia. Matthew Carey, one of 
the leading booksellers and publishers, declined it, 
saying, much to the disgust of Cobbett: ‘‘No, my lad, 
I don’t think it will suit.’”” Bradford, who was Carey’s 
rival, finally agreed to publish it after omission of 
certain objectionable words in the title, Cobbett flatly 
refusing to alter a line of the pamphlet. Bradford 
scored one point, however. He left his own name off 
the title page of the Ist edition “for fear of his shop 
windows.” But the pamphlet had such a large sale 
and was so well received, that Bradford put his name 
on the subsequent editions he issued. 

If we except “The Soldier’s Friend,’ probably his 
production only in part, the “Observations on the 
Emigration of Dr. Joseph Priestley’ is Cobbett’s 


JOURNAL OF CHEMICAL EDUCATION 


earliest piece of polemical writing. The argument is 
somewhat inconclusive and for the most part denunci- 
ation takes the place of logic. But this lack of logic 
does not impair the vigor of the writing, the point and 
pungency of the satire, and the skilful manipulation by 
which Priestley is made out a fool as well as a knave. 
The subject matter does not make severe calls upon 
Cobbett’s powers as a pamphleteer. The ‘‘Observa- 
tions” is all in one key. It lacks those personal di- 
gressions which added spice to his later pamphlets. 
But it was sufficiently accentuated to attract wide 
attention, and by its publication Cobbett as Peter 
Porcupine leaped into the front rank of pamphleteers. 

Let us now consider extracts from this famous—or 
infamous—pamphlet. 

Peter Porcupine expresses his general contempt of the 
addresses and Priestley’s replies thus: 


It is no more than justice to say of these addresses, in the lump, 
that they are distinguished for a certain barrenness of thought 
and vulgarity of style, which, were we not in possession of the 
Doctor’s answers, might be thought inimitable. If the parties 
were less known, one might be tempted to think that the ad- 
dressers were dull by concert; and that by way of retaliation, the 
Doctor was resolved to be as dull as they. At least, if this was 
their design, nobody will deny but they have succeeded to 
admiration. 


Recalling that Priestley had written many books, 
was an accomplished linguist, and had taught school 
many years, there is a penetrating sting in the following 
rebuke by Peter Porcupine, who was an uneducated 
man and up to this time had written little and taught 
less: 


As to his [Priestley’s] talents as a writer we have only to open 
our eyes to be convinced that they are far below mediocrity. 
His style is uncouth and superlatively diffuse. Always involved 
in minutiae, every sentence is a string of parentheses, in finding 
the end of which, the reader is lucky if he does not lose the 
proposition they were meant to illustrate. In short, the whole of 
his phraseology is extremely disgusting; to which may be added, 
that even in point of grammar he is very often incorrect. 


Regarding the general charge made by Priestley in 
his replies, Peter Porcupine says: 


The charge that the Doctor brings against his country is, that 
it has not afforded him protection. It ought to be remarked 
here, that there is a material difference between a government 
that does not at all times afford sufficient protection, and one 
that is oppressive. However, in his answer to the New-York 
addresses, he very politely acquiesces in the government and 
laws of England being oppressive also. 


Certain addresses and Priestley’s replies aroused the 
special ire of Peter Porcupine, viz., those which were 
thoroughly anti-British. Thus Peter Porcupine says: 


In his answer to the address of ‘“‘the republican natives of 
Great Britain and Ireland, resident at New-York,” he [Priestley ] 
says: “the wisdom and happiness of republican governments, 
and the evils resulting from hereditary monarchial ones, cannot 
appear in a stronger light to you than they do to me’”’; and yet 
this same man pretended an inviolable attachment to the heredi- 
tary monarchial government of Great Britain. Says he, by way 
of vindicating the principles of his club to the people of Birming- 
ham “the first toast that was drunk, was, ‘the king and constitu- 
tion.’”? What! does he make a merit in England of having 
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toasted that which he abominates in America? Alas! 
phers are but mere men! 

It is clear that a parliamentary reform was not the object: 
an after game was intended, which the vigilance of government, 
and the natural good sense of the people happily prevented; 
and the Doctor, disappointed and chagrined, is come here to 
discharge his heart of the venom it has been long collecting against 
his country. He tells the Democratic society that he cannot 
promise to be a better subject of this government than he has been 
of that of Great Britain. Let us hope that he intends us an 
agreeable disappointment, if not, the sooner he emigrates back 
again the better. 


This address and reply evidently stirred Peter 
Porcupine deeply because in another place he says: 


But of all the addressers none seem so zealous on this subject 
as “the republican natives of Great Britain and Ireland.” 
“While,’’ say they, ‘‘we look back on our native country with 
emotions of pity and indignation, at the outrages human nature 
has sustained, in the persons of the virtuous Muir and his patri- 
otic associates; and deeply lament the fatal apathy into which 
our countrymen have fallen: we desire to be thankful to the 
great author of our being, that we are in America and that it has 
pleased him, in his wise providence, to make these United States 
an Asylum, not only from the immediate tyranny of the British 
government, but also from those impending calamities, which its 
increasing despotism, and multiplied iniquities, must infallibly 
bring down on a deluded and oppressed people.’’ What an 
enthusiastic warm is here! No solemn league-and-covenant 
prayer, embellished with the nasal sweetness of the conventicle, 
was ever more affecting. 

Of all the English arrived in these States (since the war) no one 
was ever calculated to render them less service than Doctor 
Priestley; and what is more, perhaps no one (before or since, or 
even in the war) ever intended to render them less: his preference 
to the American government is all affectation: his emigration 
was not voluntary: he staid in England till he saw no hopes of 
recovering a lost reputation; and then, bursting with envy and 
resentment, he fled into what the Tammany society very justly 
call ‘“‘banishment,’’ covered with the universal detestation of his 
countrymen. 


“Tammany,” too, receives a share of Peter Porcu- 
pine’s satire. Thus he says: 


The Tammany society comes forward in boasting of their 
“venerable ancestors,” and, says the Doctor in his answer: 
‘Happy would our venerable ancestors have been to have found, 
etc.”” What! Were they the Doctor’s ancestors too? I suppose 
he means in a figurative sense. But certainly, gentlemen, you 
made a faux pas in talking about your ancestors at all. It is 
always a tender subject, and ought to be particularly avoided by 
a body of men ‘‘who disdain the shackles of tradition.” 

You say that, in the United States, ‘‘there exists a sentiment of 
free and candid enquiry, which disdains the shackles of tradition, 
preparing a rich harvest of improvement and the glorious triumph 
of truth.”” Knowing the religious, or rather irreligious, principles 
of the person [Priestley] to whom this sentence was addressed, 
it is easy to divine its meaning. 


Priestley’s religious views, as just briefly intimated, 
receive the uncompromising consideration of Peter 
Porcupine. Here are some significant extracts: 


Doctor Priestley professes to wish for nothing but toleration: 
liberty of conscience. But let us contrast these moderate and 
disinterested professions with what he has advanced in some of his 
latest publications. I have already taken notice of the assertion 
in his letters to the students of Hackney; ‘‘that the established 
church must fall.’’ In his address to the Jews (whom by the bye, 
he seems to wish to form a coalition with) he says: “‘all the 
persecutions of the Jews have arisen from frinitarian, that is to 
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WILLIAM CoBBETT AS CLERK OF His REGIMENT 
(From a caricature by Gillray.) 


say, Idolatrous Christians.”? Idolatrous Christians! It is the 
first time I believe these two words were ever joined together. 
Is this the language of a man who wanted only toleration, in a 
country where the established church, and the most part of the 
dissenters also, are professedly trinitarians? He will undoubt- 
edly say that the people of this country are idolators too, for there 
is not one out of a hundred at most, who does not firmly believe 
in the doctrine of the Trinity. 

You say, he has “‘long disinterestedly laboured for his country.” 
’Tis true he says so; but we must not believe him more disin- 
terested than other reformers. If toleration had been all he 
wanted; if he had contented himself with the permission of 
spreading his doctrines, he would have found this in England, 
or in almost any other country, as well as here. The man that 
wants only to avoid persecution, does not make a noisy and 
fastidious display of his principles, or attack with unbridied 
indecency, the religion of the country in which he lives. 

But the Doctor did not want to be remote from power or profit 
either; for, in his sermon on the test laws, he proposes ‘‘to set 
apart one church for the dissenters in every considerable town, 
and a certain allotment of tithes for their minister, proportioned 
to the number of dissenters in the district.”” A very modest and 
disinterested request truely! Was this man seeking peace and 
toleration only? He thinks these facts are unknown in America. 
After all his clamour against tithes, and his rejoicing on account 
of their abolition in France, he had no objection to their continu- 
ing in England, provided he came in for a share. Astonishing 
disinterestedness! 


Having been a teacher for many years, Priestley 
naturally appreciated the address of the Associated 
Teachers, but Peter Porcupine discounted this recipro- 
cal courtesy. He says: 

In the answer to the ‘associated teachers,” the Doctor ob- 


serves, that, classes of men, as well “‘as individuals, are apt to form 
too high ideas of their own importance.” Never was a juster 
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observation than this, and never was this observation more fully 
verified than in the parties themselves. The Doctor’s self 
importance is sufficiently depicted in the quotation that I have 
given from his letter to the people of Birmingham; and as for the 
“associated teachers,” how familiarly soever they may talk of 
“the intriguing politics and vitiating refinements of the European 
World,” I must say, I think, they know but little of what passes in 
that world; or they never would have larded with such extrava- 
gant eulogiums, productions, which, in general, have been long 
exploded. 

These extracts are sufficient to show the kind of 
persecution meted out by Peter Porcupine to Priestley 
for his political and religious views. But Priestley’s 
work as a scientist did not escape the yenom of this 
upstart in pamphleteering. Here is a short extract 
bearing on this point: 














WILLIAM COBBETT IN LATER LIFE 


Of his scientific productions, I propose, in a little time, to give 
the public a short review; meanwhile I refer the curious reader 
to the publications of the royal society, of 1791 and 1792, and to 
Doctor Bewley’s treatise on air. He will there see his system of 
chemistry and natural philosophy detected, exposed and de- 
feated; and the “celebrated philosopher’ himself accused and 
convicted of plagiarism. He will there find the key to the 
following sentence: ‘‘The patronage to be met with, in monarchi- 
cal governments, is ever capricious, and as often employed to bear 
down merit as to promote it, having for its object, not science, or 
any thing useful to mankind, but the mere reputation of the 
patron, who is seldom any judge of science.”” This is the language 
of every soured neglected author, from a sorry ballad monger to a 
doctor with half a dozen initials at the end of his name. 


The first edition of the “Observations” contained 
only a little about the scientific work and standing of 
Priestley. Here and there the words ‘philosopher’ 
and ‘‘philosophical experiments’ were mentioned 
contemptuously. The only long statement is the one 
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just cited. However, the third edition, as stated on the 
title page of my copy, contains ‘“‘many curious and 
interesting facts on the Subject, not known here, when 
the first edition was published.” 

One of these ‘interesting facts” (?) is the charge that 
Priestley plagiarized the results of an experiment and 
emigrated from England to escape the terrible conse- 
quences of a ‘‘lost reputation” as a philosopher. Inas- 
much as this is closely related to our interest in Priestley, 
the chemist, the statement as given by Peter Porcupine 
may properly be quoted at length. 

After stating that Priestley left Hackney under a 
cloud and was obliged to remove to Clapton where he 
could resume “‘some original enquiries,’ Peter Porcu- 
pine says: 


Here then we see him (in the month of August, 1793) in quiet 
possession of every thing he wanted to enjoy. What then could 
make him come off to America so soon after? If he had deter- 
mined to stay, when exposed to every kind of obloquy and insult, 
what could make him fly away when no longer exposed to it? 
It must be allowed that the Doctor’s passion for controversy and 
persecution is such as would excuse a belief that he grew angry 
with the people for letting him alone; but candour obliges me to 
confess that this was not the case in the present instance; for, 
he was going on very diligently with his processes and his “original 
enquiries.”’ Yes, reader, it was these cursed “‘original enquiries” 
that did all the mischief. For, the Doctor being in the height of 
them, happened to fall upon a WONDERFUL DiscovERyY, which, 
though erroneous was not original. However, all would yet have 
been safe, if he had kept it within the walls of his laboratory; 
but his communicative temper would not permit him to do this, 
and the unfortunate wonderful discovery made its public entry 
into the book-seller’s shops on the 16th of November, 1793. 

This brought him a ‘“‘New Year’s Gift” from Doctor Harrington, 
his old antagonist and his conqueror, as we shall see by the 
following extract from the gentleman’s Magazine for May, 1794. 

“Dr. Priestley, Sir, for many years, had been acquiring a very 
high degree of fame from his chemical and philosophical experi- 
ments. According to his own account, it was this great reputa- 
tion which gave him so much consequence in the eyes of the 
French philosophers, and which sanctioned his other pursuits. 
On the 16th of November last, he published a pamphlet in a very 
boasting and exulting style, informing the world, that he had 
made a most important discovery, that water was formed of 
dephlogisticated and phlogisticated airs; the same airs, and the 
same proportions, which your correspondent Doctor Harrington 
observes, that the Honourable Mr. Cavendish, from his mistaken 
experiments, considers as constituting the nitrous acid. The 
absurdity of these opinions has been pointed out by Doctor 
Harrington in your Magazine for January and February last; 
in which it is most clearly and satisfactorily shown in what 
manner Doctor Priestley was mistaken: proving at the same 
time the real formation of the different airs, displaying the very 
great futility and the errors of our modern chemistry; and at the 
same time, bringing the very heavy charge of plagiarism upon 
Doctor Priestley.” 

“As Doctor Priestley, in his last pamphlet, announced his 
intentions of publishing again very soon, having materials for 
another by him, expressed apprehensions lest any person should 
interfere with him in these experiments, I expected every day to 
hear of the Doctor’s vindicating himself and his opinions, answer- 
ing the charges of Doctor Harrington, or acknowledging his 
philosophical mistakes. Instead of which, to my very great 
surprise, I am informed he is stealing off to America; thus leaving 
his antagonist master of the field, and only saying that the world 
may hear of him again in his chemical pursuits. This is certainly 
very different from what he gave us reason to expect, when he 
announced to the world, is his ostentatious pamphlet, that we 
might expect to hear regularly from him. But I think, you will 
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agree with me, that he has totally fled from his aerial chemistry, 
and, what is the most awkward and extraordinary thing of all, 
without one word of defence from the charges of philosophical 
plagiarism.” 

“It was not till Doctor Priestley received the New Year’s Gift 
of your January and February Magazine, that he was in earnest 
about America. And, I am informed, that he was so much afraid 
that he should receive another from the same valuable work, 
that he got on board the ship the very evening before the Maga- 
zine for the month of March made its appearance, although the 
ship was not likely to sail immediately.” 

Was it a “hazarded assertion’ then, to say that the great 
philosopher was accused and convicted of plagiarism, and that he 
stayed in England till he saw no hopes of recovering a lost reputa- 
tion? 


This charge of scientific plagiarism, or theft, or 
whatever one may call it, is false and can be dismissed 
at once without comment. Its very absurdity stamps 
it as unfounded. 

Priestley must have been deeply grieved by this 
whole unwarranted attack of Cobbett. However, 
contrary to his usual procedure, he made no public 
rejoinder. In fact, there is no record, as far as I have 
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been able to find, that he ever replied in print or even 
made any entry in his publications. 

Students of Priestley and his times may profitably 
read the whole pamphlet written by Peter Porcupine, 
but in this paper enough has been presented to show 
that Priestley did not escape persecution by emigrating 
to America. 
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ANOTHER PRIESTLEY DOCUMENT 
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This medal (silver, 53.5 mm. diameter) is an especially interesting document of the history of chemistry in America, for it 
commemorates Priestley’s departure from England and gives the date of that departure and the date of his arrival in 
this country. ‘April 8—Leaving the Shores of Brittannia He Went to Columbia—June 4, 1794.” The medal 
appears to be rare. The Stadtliche Miinzkabinet at Dresden has a bronze medal, of which Professor Lyman 
C. Newell has shown us a plaster cast, which is of the same size as the present medal, like it on the ob- 
verse, and like it on the reverse as regards the central portion of the medal but different from it in 
the respect that it has the words, Magnus Christianus Philosophus (Great Christian Philosopher), 
next to the circumference where the present medal has the words, J Decus I Nostrum Meli- 
oribus Utere Fatis (Go, Our Ornament, Go to Take Advantage of Better Fates). 

Numerous medals, and the penny and half-penny tokens which bear the effigy of 
Priestley, give evidence of the widespread popularity which his ideas had in 
England. The present medal shows that he left behind him those 
who viewed his removal to this country with real regret. 

(Contributed by Tenney L. Davis.) 
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The DISCOVERY of the 
ELEMENTS. XX. RECENTLY 
DISCOVERED ELEMENTS’ 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


When H. G. J. Moseley discovered the simple relation- 
ship which exists between the X-ray spectrum of an ele- 
ment and its atomic number, there were seven unfilled 
spaces in the periodic table. Elements 43, 61, 72, 75, 85, 
87, and 91 were yet to be revealed. Since element 91 is 
radioactive, it was discussed in Part XIX. Early in 
1923 Dirk Coster and Georg von Hevesy showed that 
element 72, or hafnium, as it is now called, is widely dis- 
tributed in nature and that it had escaped detection be- 
cause of its close resemblance to zirconium. Elements 


++ + 


Beyond the violet seek him, for there in the dark he 
dwells, 

Holding the crystal lattice to cast the shadow that tells 

How the heart of the atom thickens, ready to burst 
into flower, 

Loosing the bands of Orion with heavenly heat and 
power. 

He numbers the charge on the center for each of the 
elements 

That we named for gods and demons, colors and tastes 
and scents. ... (1). 


LTHOUGH Mendeléeff’s periodic system was a 
A great aid in the search for new elements, there 

are some anomalies that it does not explain. The 
atomic weight of argon, for example, is higher than that 
of potassium, yet argon must precede potassium in the 
table, for there is no doubt whatever that it is an inert 
gas like helium and that potassium is an alkali metal 
like sodium. Tellurium and iodine present a similar 
discrepancy, and the radioactive isotopes were the cause 
of much perplexity. 

A much better basis of classification for the elements 
was finally found by a young English physicist in the 
course of his researches on X-rays. Henry Gwyn 
Jeffreys Moseley was born at Weymouth on November 
23, 1887. While he was still 2 very young child he 
had the misfortune to lose his father, who was a dis- 
tinguished zodélogist and professor at Oxford Univer- 
sity. Moseley studied at Eton and at Trinity College, 
Oxford, and received his master’s degree in 1910. A 
year before his graduation he went to Manchester to 


‘ 
* Illustrations collected by F. B. Dains of The University of 
Kansas. 
Tt See J. Cem. Epuc., 9, 79-90 (Feb., 1933). 


43 and 75, masurium and rhenium, were discovered by 
Walter and Ida Noddack in 1924, and rhenium is now a 
commercial article. Element 61, illinium, was dis- 
covered in 1926 by Hopkins, Harris, and Yntema and 
independently by Cork, James, and Fogg in the United 
States and by Rolla and Fernandes in Italy. Traces of 
elements 85 and 87 have been detected by the magneto- 
optic method of Allison and co-workers, who suggest 
the names alabamine and virginium. Much research 
into the properties of these elements remains to be done. 


++ + 


discuss with Sir Ernest Rutherford the possibility of 
undertaking original research in physics (30). 

After serving the University of Manchester for two 
years as lecturer and demonstrator in physics, he 
resigned his position in order to devote all his time to 
research, and was awarded the John Harling Fellow- 
ship. His colleagues soon recognized his superiority 
as an experimenter, and admired him because of his 
marvelous technic, broad knowledge of physics, cheer- 
fulness, and friendly codperation. When the British 
Association met in Australia in 1914, he entered en- 
thusiastically into the discussion of atomic structure 
and gave an excellent report of his own researches on 
the X-ray spectra of the rare earths (32). 

No scientist of the first rank ever had a shorter 
career. When Great Britain entered the war he im- 
mediately returned to England, entered the military 
service as a signaling officer, and on June 13, 1915, 
left for the Dardanelles. On the 10th of August, when 
he was telephoning an order to his division, a Turkish 
bullet passed through his head. His will, made while 
he was in active service, bequeathed all his apparatus 
and much of his private fortune to the Royal Society. 
Although Moseley was not quite twenty-eight years 
old at the time of his death, his researches had so 
revolutionized the study of atomic structure that his 
name will endure forever in the annals of science (2), 
(36). 

Before entering the military service he had become 
intensely interested in Professor Laue’s discovery that 
“the ordered arrangement of the atoms in a crystal 
would do the same for X-rays that a diffraction grating 
does for light” (37). When a target, or anticathode, is 
bombarded with cathode rays, it emits a beam of X- 
rays which is characteristic of the substance of which 
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Courtesy L. C. Newell ’ 
HENRY GWYN JEFFREYS MOSELEY, 1887-1915 


English physicist who studied the X-ray spectra of more than 
fifty elements and discovered the relation existing between the 
atomic number of an element and the frequency of the X-rays 
which it emits when bombarded by cathode rays. At the age 
of twenty-seven years he was killed while in active service at 
the Dardanelles. 


the target is made. With the help of Mr. C. G. Darwin, 
a grandson of the famous biologist, Moseley mapped 
the high-frequency spectrum of an X-ray tube provided 
with a platinum anticathode (37). 

In the hope of finding some relationship between the 
frequency of the rays and the atomic number, or ordinal 
number of the element in the periodic table, he then 
carried out an elaborate investigation in which many 
different elements served as anticathodes. Upon ex- 
amining these rays by diffracting them through a 
crystal, he found the following simple and beautiful 
relationship: When all the known elements are num- 
bered in the order of their positions in the periodic 
system, the square root of the frequency of the X-rays 
emitted is directly proportional to the atomic number. 

Thus Moseley’s series is almost the same as Men- 
deléeff’s series of increasing atomic weights. When, 
however, the elements are arranged, not according to 
their atomic weights, but according to their atomic 
numbers (Moseley numbers), the discrepancies between 
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argon and potassium and between iodine and tellurium 
disappear. 

Moseley’s work not only shed much light on the 
periodic system and the relationships between known 
elements and the radioactive isotopes, but it was also a 
great stimulus in the search for the few elements re- 
maining undiscovered (47). One of the first chemists 
to utilize the new method was Professor Georges 
Urbain of Paris, who took his rare earth preparations to 
Oxford for examination. Moseley showed him the 
characteristic lines of erbium, thulium, ytterbium, and 
lutecium, and confirmed in a few days the conclusions 
which Professor Urbain had made after twenty years of 
patient research. The latter was greatly surprised 
to find that a scientific contribution of such fundamental 
importance had been made by one so young, and im- 
mediately began to teach Moseley’s method of X-ray 
analysis. ‘His law,” said he, ‘substituted for the 
rather romantic classification of Mendeléeff, a precision 
entirely scientific’ (36). 


HAFNIUM (ELEMENT 72) 


Moseley stated that, within the limits of his researches, 
which covered all the elements between aluminum 
(number 13) and gold (number 79), there were spaces 
for three missing ones—numbers 43, 61, and 75 and 
that, since their X-ray spectra can be accurately pre- 
dicted, it ought to be rather easy to find them. It was 
then believed that the celtium whose arc spectrum 
Professor Urbain had described in 1911 was element 
72 (3), (36), (56). 

However, when Moseley and Urbain examined the 
rare earth residues supposed to contain the new ele- 
ment, they found only about ten lines, all of which 
could be attributed to lutecium and ytterbium. In 
1922, after a long period of interruption because of 
military duties, Professor Urbain resumed his search 
for element 72 in the same rare-earth residues which 
he and Moseley had examined before the war. At 
his suggestion M. A. Dauvillier used de Broglie’s 
improved method of X-ray analysis and observed two 
faint lines which almost coincided with those predicted 
for element 72 (33), (54). 

After titanium was discovered in 1791 by the Rever- 
end William Gregor in Cornwall, its atomic weight was 
determined by such able chemists as Rose, Mosander, 
and Dumas, but the results showed such great dis- 
crepancies that Mendeléeff predicted that another 
element would be found in titanium ores (4). It was 
in zirconium ores, however, that large quantities of 
element 72 were finally revealed (34), (38), (42). 

On the basis of his quantum theory of atomic struc- 
ture, Niels Bohr believed that, since Urbain’s celtium 
had been obtained from the rare earths, it could not 
be element 72, for the latter must be quadrivalent rather 
than trivalent and must belong to the zirconium 
family. He showed that the chemical properties of 
an atom are determined by the number and arrange- 
ment of the electrons within it and especially by the 
number and arrangement of the outermost ones, the 
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so-called ‘‘valence electrons.” Since there is usually 
an appreciable difference in the outer electrons of 
two adjacent elements in the periodic system, there 
is also, as a rule, a marked difference in chemical 
properties. In the rare-earth group, however, and 
in the triads of the iron and platinum families, the 
only structural differences are in the deeper shells of 
the atoms, and therefore these elements are more 
difficult to separate. According to Bohr’s theory 
these deep-seated differences in the rare earths lie in 
the interval between lanthanum (element 57) and 
lutecium (element 71). Element 72 should, however, 
according to his theory, be quite different from lutecium 
in the constitution of its outer group of electrons, and 
should therefore exhibit properties entirely different 
from those of the rare-earth elements (54), but closely 
resembling those of zirconium. Bohr therefore ad- 
vised Dr. Hevesy to search for this element in zir- 
conium ores (5), (28). 

It was in January, 1923, that Dirk Coster and 
Georg von Hevesy in Copenhagen brought their 
search for the new member of the zirconium family 
to a successful conclusion. Its discovery in zirconium 
ores was made possible by Moseley’s method of X-ray 
analysis, and it was Coster’s previous work in the 
same field that enabled him to recognize the new 
element (2). 

Although they named it hafnium* for the city of 
Copenhagen, neither of these investigators is Danish. 
Professor Coster lives in the Netherlands and Pro- 
fessor von Hevesy is a Hungarian. The former is a 
professor of phys- 
ics and meteor- 
ology at the Royal 
University of Gro- 
ningen and direc- 
tor of the physical 
laboratory. The 
Dutch, French, 
English, German, 
and American 
journals contain 
many of his papers 
on such subjects 
as X-ray spectra, 
theory of atomic 
structure, Stokes’s 
law in the L-series 
of X-rays, and the 
rotational oscilla- 
tion of a cylinder 
in a viscous liquid. 

Professor von 
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GEORG VON HEVESY 


Professor of physical chemistry at the 
University of Freiburg. Hungarian 
chemist who, with Dr. Dirk Coster of 
the University of Groningen, discovered 
the element hafnium in zirconium ores 
and made a thorough study of its prop- 
erties. Author of many papers on chemi- 
cal analysis by X-rays, radioactivity, the 
rare earths, and electrolytic conduction. 


* Both sides of the 
controversy regard- 
ing the name of ele- 
ment 72 are presented 
in the ‘English jour- 
nals, Nature and 
Chemisiry and In- 
dustry (28), (54). 


Hevesy was born in 
Budapest in 1885 
and was educated in 
the universities of 
Budapest, Berlin, 
and Freiburg. His 
researches have 
brought him into 
close contact with 
such famous scien- 
tists as Haber at 
Karlsruhe, Ruther- 
ford at Manchester, 
and Donnanat Liver- 
pool, and the X-ray 
investigation with 
Dr. Coster which 
resulted in the dis- 
covery of hafnium 
was carried out while 
both were connected 
with Bohr’s Institute 
of Theoretical Phys- 
ics at Copenhagen. 
Since 1926 Professor 
von Hevesy has been 
professor of physical chemistry at the University of 
Freiburg. In 1930 he served as the George Fisher 
Baker Non-Resident Lecturer in Chemistry at Cornell 
University. His researches have been in the fields 
of physical chemistry, electrochemistry, radioactivity, 
and the separation of isotopes. 

Hafnium had lain hidden for untold centuries, not 
because of its rarity but because of its close similarity 
to zirconium (54), and when Professor von Hevesy 
examined some historic museum specimens of zir- 
conium compounds which had been prepared by 
Julius Thomsen, Rammelsberg, Nordenskjéld, Mari- 
gnac, and other experts on the chemistry of zirconium, 
he found that: they contained from one to five per cent. 
of the new element (26), (55). The latter is far more 
abundant than silver or gold. Since the earlier chem- 
ists were unable to prepare zirconium compounds free 
from hafnium, the discovery of the new element necessi- 
tated a revision of the atomic weight of zirconium 
(7), (28). 

Professor von Hevesy and Thal Jantzen separated 
hafnia from zirconia by repeated recrystallization of 
the double ammonium or potassium fluorides (26), 
(38). Metallic hafnium has been isolated and found 
to have the same crystalline structure as zirconium. 
A. E. van Arkel and J. H. de Boer prepared it by pass- 
ing the vapor of the tetraiodide over a heated tungsten 
filament (26), (53). 


MASURIUM AND RHENIUM (ELEMENTS 43 AND 75) 


Dirk COSTER 


Professor of physics and meteor- 
ology at the Royal University of 
Groningen. Co-discoverer with Georg 
von Hevesy of the element hafnium. 
Author of many papers on X-rays 
and atomic structure. 


Two new elements of the manganese group, numbers 
43 (ekamanganese) and 75 (dwimanganese), were dis- 
covered in June, 1924, by the German chemists, Dr. 
Walter Noddack and Dr. Ida Tacke of the Physico- 











technical Testing 
Office in Berlin and 
Dr. Otto Berg of the 
Werner-Siemens 
Laboratory. The 
discovery was not 
accidental, but the 
result of a long 
search in platinum 
ores and in the 
mineral columbite 
(15). Platinum ores 
contain the ele- 
ments 24 to 29, 44 
to 47, and 76 to 79 
(chromium to cop- 
per, ruthenium to 
silver, and osmium 
to gold), whereas 
columbite contains 
numbers 39 to 42 
and 71 to 74 (yt- 
trium to molybde- 
num andlutecium to 
tungsten). Hence 
it was hoped that 
one or both of these 
sources might yield the missing elements, 43 and 75. 

Upon studying the relative frequencies of known 
elements in the earth’s crust, Noddack, Tacke, and 
Berg found that those of odd atomic number are less 
common than those of even number, and from the 
known frequency of occurrence of platinum ores and 
of columbite they obtained an approximate idea of 
the extent to which they would have to carry their 
processes of extraction. Moreover, since elements 43 
and 75 belong to the manganese group, many of their 
physical and chemical properties could be predicted. 
Both these so-called ekamanganeses were finally sepa- 
rated from columbite, and were named masurium and 
rhenium in memory of two districts which Germany 
lost in the World War (8), (39). The difficult con- 
centration processes were carried out by Dr. Noddack 
and Dr. Tacke alone, but Berg assisted in making the 
observations with the X-ray spectroscope (40). Be- 
fore the discovery of masurium and rhenium, man- 
ganese had no companions in sub-group VJJa of the 
periodic system. 

On September 5, 1925, Fraulein Tacke lectured on 
the new elements before the Verein deutscher Chemiker 
in Nuremberg (9). After thanking her for the address, 
the president mentioned that this was an historic oc- 
casion, for it was the first time that a woman had ever 
spoken before the Verein. He also expressed the 
hope that other ‘‘Chemikerinnen’”’ might soon follow 
her example. Fraulein Tacke and Dr. Noddack have 
since been united in marriage and have continued their 
joint researches. In recognition of their discoveries 
they have been awarded the Liebig Medal. 

In 1925 F. H. Loring and J. G. F. Druce in England 





J. HeyrovskxyY 
Professor of physical chemistry at 


Charles University, Prague. Author 
of an “Introduction to Radioactivity.” 
With E. Votoéek he edits the Collection 
of Czechoslovak Chemical Communica- 
tions, a monthly journal published in 
French and English to make the 
contributions of Czechoslovakian and 
Russian chemists accessible to those 
who do not read the Slavonic languages 
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and V. DolejSek and J. Heyrovsky in Czechoslovakia 
independently discovered that commercial manganese 
salts and even the so-called “‘pure’’ preparations con- 
tain small amounts of element 75 as an impurity 
(57), (58), (59). While searching for an element of 
atomic number 93, the English chemists removed 
manganese and other heavy metals by precipitation 
as the sulfides, and evaporated the filtrate to dryness. 
An X-ray analysis of the residue revealed the lines 
of element 75. 

Dr. J. Heyrovsky, professor of physical chemistry 
at the Charles University of Prague, and Dr. DolejSek 
of the Prague Academy of Sciences detected element 
75 in manganese salts by a different method. They 
examined some manganese solutions with their dropping 
mercury cathode, plotted the current intensity as ordi- 
nates against the applied electromotive force as ab- 
scissas, and noticed a peculiar “hump” in the curve. 
Since this was located in the region between — 1.00 and 
—1.19 volt from the potential of the calomel electrode, 
the impurity was at first thought to be zinc. After 
showing that zinc, nickel, cobalt, and iron were absent, 
Heyrovsky and DolejSek suspected the presence of 
the undiscovered ekamanganeses, elements 43 and 75. 
The saw-like character of the curve indicated that 
the impurity did not alloy with mercury. Using their 
dropping mercury cathode in conjunction with an 
instrument called a polarograph, they obtained auto- 
matically a permanent record of the electrolytic reac- 
tion. 
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WILLIAM FREDERICK MEGGERS 


Physicist at the U.S. Bureau of Standards since 
1914. Chief of the spectroscopy section. Author 
of many papers on optics, astrophysics, photog- 
raphy, measurement of wave-length standards, 
and description and analysis of spectra. The in- 


strument in the foreground is a concave grating 
spectograph, used for photographing the emission 
spectrum of rhenium. 
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After dipping strips of zinc into concentrated solu- 
tions of manganese salts, they scraped off a deposit 
containing zinc, lead, cadmium, nickel, and cobalt. 
After complete removal of these heavy metals by 
precipitation as the sulfides, they found no evidence 
of element 43, but did find the X-ray lines of number 
75, for which they advocated the retention of the name 
dwimanganese which Mendeléeff had used (44). When 
Dr. Druce took his dwimanganese preparation to the 
Charles University in Prague for polarographic ex- 
amination, the Czechoslovakian chemists confirmed his 
conclusions. 

Although masurium has never been purified, the 
production of rhenium has increased at such a sur- 
prising rate that the price* has fallen from $10,000 
per gram in 1928 to $3 per gram in 1930 (43). Dr. 
William F. Meggers of the United States Bureau of 
Standards has made a thorough study of its arc spec- 
trum. 

ILLINIUM (ELEMENT 61) 


All the rare-earth elements except one were found 
before the introduction of X-ray spectroscopy. In 
the estimation of Professor von Hevesy, 


... to have discovered and isolated nearly all of the rare earths 
without further guidance, in spite of their great similarity and 
the great rarity of some of these, is one of the most brilliant ac- 
oe that experimental chemistry has ever produced 
(38). 


As early as 1902, however, Professor Bohuslav 


* According to Science Service the price of rhenium in August, 
1932, was about $1600 per pound. 
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BoHUSLAV BRAUNER, 1855- 


Professor of chemistry at the Bohemian Uni- 
versity of Prague. He has made brilliant con- 
tributions to analytical chemistry, the deter- 
mination of atomic weights, and the chemistry 
of the rare earths. In 1902 he predicted the 
existence of element 61, now known as illinium. 
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CHARLES JAMES, 1880-1928 
Director of the chemistry department at the University of 
New Hampshire. Author of many papers on the rare earths. 


Independent discoverer of lutecium and illinium. He was born 
in England and studied under Sir William Ramsay. 


Brauner of the Bohemian University of Prague, a 
friend of Mendeléeff, predicted the existence of an 
element between neodymium and samarium (11). 
It was noticed that there is a sudden change in cer- 
tain properties of the rare-earth elements at this point: 
the double magnesium rare-earth nitrates differ, for 
example, by nearly equal increments except in the 
case of neodymium and samarium, whereas these two 
elements can be sharply separated by fractional crystal- 
lization. 

This method of fractionation of the double mag- 
nesium nitrates was introduced by the late Professor 
Charles James of the University of New Hampshire 
(41), who worked for years in an attempt to reveal 
the missing rare-earth element, the existence of which 
seemed all the more probable after Moseley had dis- 
closed the vacant place for element 61. In 1926, 
while Professor J. M. Cork was using the excellent 
X-ray apparatus at the University of Michigan to 
examine some rare-earth material that had been care- 
fully purified by Professor James and H. C. Fogg in 
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New Hampshire, 
Professor B. Smith 
Hopkins and his 
colleagues at the 
University of Illi- 
nois announced the 
discovery of the 
elusive element 
(18), (22), (41). 
Since monazite 
sand contains neo- 
dymium (element 
60) and samarium 
(element 62), Pro- 
fessor Hopkins 
thought that it 
might reasonably 
be expected to con- 
tain element 61 also. 
The Lindsay Light 
Company and the 
Welsbach Mantle 
Company presented 
him with some rare- 
B. SmitH HOPKINS, PROFESSOR OF earth residues from 
CHEMISTRY AT THE UNIVERSITY OF monazite, from 


ILLINOIS , 
- € illini (el £61) which the thorium 
iscoverer of illinium (elemen ; 
His researches on the rare earths and and part of the ce- 
atomic weights and his recent investi- rium had been re- 
gation of the magneto-optic method of moved for the 





chemical analysis are well known. ' manufacture of X-Ray APPARATUS AT THE UNIVERSITY OF ILLINOIS* 








LABORATORY FOR RARE-EARTH FRACTIONATION AT THE UNIVERSITY OF ILLINOIS* 


The four large earthenware utensils in the left foreground are stone filters. On the 
desk in front of these are four 90-liter evaporating dishes with stirring devices and 
reagent bottles in position. These evaporating dishes are mounted on wash-tubs 
which serve as a steam-bath. The reagents are added from the large bottles by com- 
pressed air. These are used in the early stages of the rare-earth work when the 
volume of material used is large. On the desk toward the right are flasks containing 
rare-earth fractions just as they are used in the process of fractional crystallization. 


In the lower center is the kenetron. On 
a shelf above it is the vacuum chamber for 
the X-ray apparatus. The metal X-ray 
tube itself projects from the front of the 
vacuum chamber toward the observer’s 
right. At the right-hand of the picture is 
the liquid air trap which serves to keep mer- 
cury out of the vacuum chamber. 


Welsbach gas mantles, and from which 
he prepared some very pure neodym- 
ium and samarium salts to send to the 
United States Bureau of Standards. 
Spectroscopic examination revealed a 
number of new lines which were com- 
mon to both samples (18), (20). 
Professor Hopkins and Dr. Harris 
recrystallized the bromates rather 
than the double magnesium nitrates. 
Since the double magnesium nitrates 
have solubilities which increase with 
atomic number, fractionation by this 
method separates the elements in the 
order of their atomic numbers and 
brings element 61 between neodym- 
ium and samarium, which are rela- 
tively abundant. When the bro- 
mates are recrystallized, however, 


@ 
* The laboratory photographs and descrip- 
tions were graciously contributed by Dr. B. 
Smith Hopkins. 
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neodymium goes into the more soluble fractions, and 
the order of crystallization is: europium (which has the 
least soluble bromate), samarium, gadolinium, element 
61, terbium, and neodymium (21), (23). Although neo- 
dymium and samarium obscure the presence of other 
elements, terbium and gadolinium do not have this 
troublesome property. 

Professor Hopkins was assisted in these researches 
by Dr. J. Allen Harris and Dr. Yntema. The frac- 
tionations were made at Urbana, while Dr. Yntema, 
a Fellow of the National Research 
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ment 61, prefers to call it florentium (13), (14), (19). 
His method consisted in separating some didymium 
material from Brazilian monazite and fractionating 
it as the double thallium sulfates. When Miss Rita 
Brunetti of Arcetri, a professor at the Institute of In- 
organic and Physical Chemistry at the University of 
Florence, examined the X-ray absorption spectra of 
the K series, she concluded that a new element must 
be present. Professor Rolla’s results were deposited 
as a sealed package with the Reale Accademia dei Lincei 

in June, 1924. The contents were 





Council, made the X-ray examina- 
tion in the Sloane Laboratory of 
Physics at Yale (25). After five 
~ years of searching, an inspiring thing 
happened. Just as in Tschaikow- 
sky’s ‘1812 Overture” the strains of 
the French hymn fade away in the 
triumphant swelling of the Russian 
anthem, so in Professor Hopkins’ 
spectra the neodymium lines faded 
out and the new lines (5816 A. U. 
and 5123 A. U.) of the absorption 
spectrum became stronger; more- 
over, the lines of the X-ray spectrum 
were found to coincide with those 
predicted from Moseley’s rule. Thus 
element number 61, illinium, the 
last of the rare earths, took its place 
in the periodic table (10), (18), 
(21), (24). 

B. Smith Hopkins was born at 





not published, however, until No- 
vember, 1926 (19), (29). The work 
of these Italian scientists is of a high 
order of excellence. 


VIRGINIUM (ELEMENT 87) 


Speculations have long been made 
as to the probable nature of element 
87, the unknown alkali metal, and 
element 85, the unknown halogen, 
and many carefully planned searches 
for them have failed. Since both 
of these unfilled spaces lay in the 
radioactive region of the periodic 
system, and since no inactive iso- 
topes of elements having atomic 
weights greater than 83 had ever 
been found, Professor von Hevesy 
thought that elements 85 and 87 
ought to be radioactive, and that 
they might possibly be formed by 








Owosso, Michigan, on September 1, 
1873, and was educated at Albion 
College, Columbia University, and 
The Johns Hopkins University. He 
has taught at Nebraska Wesleyan 
University, at Carroll College in 
Wisconsin, and, since 1912, at the 
University of Illinois, and thou- 
sands of students remember his 
kindly encouragement, his unas- 
sumed modesty, and his generous fairness in judg- 
ing the contributions of other investigators of the 
rare earths. He has published a number of books, 
including two on the rarer elements (12), and is the 
first American to fill one of the vacant places in the 
periodic table. Professor Boltwood’s ionium, although 
it has specific radioactive properties, is chemically in- 
separable from thorium. 

Since the rare-earth preparations of Professor James 
exhibited the lines of illinium when examined with the 
X-ray spectroscope, he is to be regarded as an inde- 
pendent discoverer of the element. His early attempts 
to reveal this ekaneodymium and his other contribu- 
tions to the chemistry of the rare earths have been ably 
discussed by B. Smith Hopkins (41) and by H. A. 
Iddles (52). ’ 


Chemistry. 
element 61. 


elements. 


Professor Luigi Rolla of the Royal University of 
Florence, who is also an independent discoverer of ele- 


Luict ROLLA, PROFESSOR IN THE 
FACULTY OF SCIENCES AT THE ROYAL 
UNIVERSITY OF FLORENCE 


Director of the Institute of Inorganic 
Independent discoverer of 
Author of papers on the 
rare earths in the atmospheres of the 
stars and on ionization potentials with 
relation to the periodic system of the 


disintegration of radon, mesotho- 
rium 2, or polonium, or their isotopes 
(elements 86, 89, or 84). From the 
rule deduced by Soddy, Fajans, 
Fleck, and Russell, he reasoned that 
element 87 might be an alpha-ray 
product of element 89 or a beta- 
ray product of element 86 and that 
element 85 might be formed by 
alpha-disintegration of the unknown 
element 87 or by beta-disintegration of a polonium 
isotope (60). ’ 

C. F. Graham believes, however, that, ‘‘since the 
radioactive degeneration series does not pass through 
the element [87], there is no reason to expect that it 
will be radioactive to any greater degree than the 
other alkali elements” (61). 

While Druce and Loring were searching for element 
93, they. observed a faint but clear X-ray line between 
the theoretical La; and Lag lines of element 87 (63). 

Between 1927 and 1930 Dr. Fred Allison of the 
physics department of the Alabama Polytechnic Insti- 
tute perfected the magneto-optic method of chemical 
analysis. When a transparent aqueous solution of 
the chemical compound to be examined is placed in 
the path of a monochromatic beam of polarized light 
and subjected to the simultaneous action of a magnetic 
field, there is a time lag of about a billionth of a second 
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between the instant of application of the force and the 
appearance of one or more minima of light intensity 
which are characteristic of the given compound. Dr. 
Allison interprets this phenomenon as a differential 
time lag in the appearance of the Faraday effect (the 
rotation of the plane of polarization caused by the 
passage of a beam of light through a magnetic field) 
(48), (66), (68). 

These characteristic minima are produced even 
when other substances are present in the solution, 
and do not disappear until the concentration is de- 
creased to about 1 part of the compound to 101! parts 
of water. By examining a series of solutions of the 
chlorides, nitrates, sulfates, and hydroxides of many 
elements varying in equivalent weight from hydrogen 
(1.008) to thallium (204.39), Dr. Allison and Edgar J. 
Murphy found that the differential time lag is an in- 
verse function of the chemical equivalent of the cation; 
in other words, that the minima appeared at points 
along their arbitrary wire path scale in the order of the 
equivalent weights of the metallic elements of the com- 
pounds studied (48). 

In the fall of 1929 Allison and Murphy examined 
some specimens of lepidolite, a lithium ore, and pol- 
lucite, a mineral containing cesium, and consistently 
found minima at points on their scale corresponding 
to the undiscovered alkali metal, ekacesium. The 
chloride, nitrate, sulfate, and hydroxide all yielded 
characteristic minima at the proper points (17). Dr. 
Allison has therefore proposed that element 87 be 
called virginium in honor of his native state (49). 

In October, 1931, Professor Jacob Papish and Eugene 
Wainer of the chemistry department of Cornell Uni- 
versity obtained spectroscopic evidence of the existence 
of this element. In searching for it they believed that 
it must bear some resemblance to cesium and radium, 
that its primary spectral lines must lie in the infra-red 
(27), (35), and therefore be difficult to observe when 
the ekacesium is present in low concentrations, and 
that, since the electroscope had not already revealed 
it, it could not be appreciably radioactive. These 
assumptions led them to search for the missing ele- 
ment in a specimen of samarskite which was rich in 
uranium and its disintegration products, and which 
also contained rubidium and cesium. By repeated 
recrystallization of the aluminum alums prepared 
from this material, they obtained a fraction which 
exhibited five of the X-ray spectrographic lines pre- 
dicted from Moseley’s rule. These lines were pro- 
duced, as might be expected, by the fractions contain- 
ing the least soluble alums (27). d 

Since the Cornell chemists were unable to verify 
the magneto-optic observations of Professor Allison 
and his colleagues, they believed that the light inten- 
sity minima attributed to element 87 had been caused 
by some complex ion, such as SnCl;+ or ReCl*, which 
would have about the same equivalent weight as that 
predicted for ekacesium. The Alabama chemists 
found, however, that the minima caused by these 
complex tin or rhenium ions can be made to disap- 
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pear by suitable chemical treatment, leaving the char- 
acteristic minima of element 87 undisturbed (50). 
Dr. Allison’s results have been confirmed by Professor 
J. L. McGhee and Miss Margaret Lawrenz of Emory 
University, Georgia (51). 

According to Science Service, another carefully 
planned search for the missing alkali metal resulted 
in a serious accident. As a result of the explosion of 
his apparatus, Professor Gustave A. Aartovaara* of 
the Helsingfors Technical University suffered severe 
injury to his eyes (65). 


ALABAMINE (ELEMENT 85) 


Since element 85, ekaiodine, must lie between polo- 
nium and radon, Dr. Allison and Dr. Murphy, with 
the assistance of Professor Edna R. Bishop and Miss 
Anna L. Sommer, worked up one hundred pounds of 
the radioactive mineral, monazite sand. In May, 
1931, they announced the discovery of this element, 
which has since been named alabamine. When they 
digested the monazite sand with aqua regia, extracted 
it with water a few times, and examined it with their 
magneto-optic apparatus, they found minima indi- 
cating that alabamine was present in the solution in 
the form of peralabamic acid, HAbO,. After fuming 
off the aqua regia with sulfuric acid and reducing the 
solution with sulfur dioxide, they found minima corre- 
sponding to hydroalabamic acid, HAb. They also 
prepared a concentrate which they believe contains 
2.5 X 10° gram of alabamine in the form of lithium 
alabamide (16), (50). 

Dr: B. Smith Hopkins and Dr. Gordon Hughes 
have recently investigated the magneto-optic method 
of chemical analysis, and have found it to be a thousand 
times more sensitive than analysis by are spectra. 
Since the eyes are not easily trained to read the minima 
of light intensity, these investigators are trying to 
perfect a photoelectric method of reading them which 
will make the method dependable (62). Dr. Allison 
has also succeeded in making a photoelectric cell circuit 
sensitive enough to replace the eye, and is trying to 
make the magneto-optic apparatus a convenient and 
reliable laboratory tool (64), (68). 

When the existence of elements 85 and 87 has been 
thoroughly verified, all the gaps in the periodic table 
will be filled. A large amount of careful research 
must still be done, however, before the chemical and 
physical properties of these elusive elements are made 
manifest. Although all attempts to demonstrate the 
existence of an element having an atomic weight greater 
than that of uranium have thus far been unsuccessful, 
many chemists regard the recently discovered neutron 
as an element of atomic number zero. 


CONCLUSION 


If the reader has been led through closer acquaintance 
with the discoverers of the chemical elements to a 
deeper appreciation of their glorious achievements, 





* Professor Aartovaara has recently reported the presence of 
element 87 in Finnish feldspars (67). 
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BIOLOGIC INDICATORS 
of PREGNANCY 


ROLLAND J. MAIN 


Medical College of Virginia, Richmond, Virginia 


The biologic tests for pregnancy employed at the present 
time are based upon the fact that certain hormones are 
present in the blood and urine in comparatively high 
concentrations during pregnancy. Although these hor- 
mones cannot at present be satisfactorily assayed chemi- 
cally they produce readily recognizable physiological reac- 
tions when injected into suitable laboratory animals. 

Although these tests have a certain value in the early 
diagnosis of pregnancy as such, their greatest usefulness 
1s in differentiating between pregnancy and other more 
abnormal and dangerous conditions. 


+++ + + + 


As a clinician once said, ‘‘In the diagnosis of ab- 
dominal tumors in women, first suspect pregnancy.” 
However, there often exists a gap between the suspicion 
and the proof thereof. Many pathological conditions 
exist which so closely simulate pregnancy that even 
the most experienced obstetrician is frequently at a 
loss for a diagnosis. Hence there has long been a de- 
mand for some reliable means of differentiating these 
conditions. The ancient Egyptians believed that a 
woman could determine if she were pregnant by not- 
ing the effect of her urine on the germination of grain. 
Oddly, the present tests for pregnancy also employ 
urine—nihil novum sub sole. 

There have been suggested many varied diagnostic 
means to this end. At the present time, however, 
the most widely used tests consist of the injection of 
urine from the patient into an animal. Certain recog- 
nizable morphological changes then occur in the repro- 
ductive system of the animal, if the urine has been 
obtained from a pregnant patient. During pregnancy, 
the urine contains large quantities of several hormones. 
One of these is the female sex hormone, cestrin, ordi- 
narily elaborated by the ovaries and probably respon- 
sible for the development of the secondary sex char- 
acteristics, hypertrophy of the uterus, etc. (This 
hormone is also found in the urine of non-pregnant 
women, but only in small amounts.) Two other hor- 
mones, prolan A and prolan B, are also present in large 
quantities during pregnancy. These two hormones are 
normally formed by the anterior lobe of the pituitary 
gland. They function as activators or stimulants 
of the gonads; 7. e., in the female they cause a de- 
velopment of the follicles containing ova, and finally 
cause these follicles to rupture, liberatihg the ova, 
which may then be fertilized. The follicles now be- 
come engorged with blood, forming the corpora hemor- 


rhagica, which later turn yellow, the corpora lutea. 
It is thus possible that a cyclic activity of the anterior 
pituitary may cause the periodic ovulation of animals, 
including man. 

It is yet a controversial matter why these hormones— 
cestrin, prolans A and B—should be excreted in the 
urine in such large amounts during pregnancy; or, 
more directly, why the blood should be so laden with 
them that they are excreted by the kidneys. There 
are many investigators who believe that these hor- 
mones, although apparently identical with those pro- 
duced by the ovary and the anterior pituitary, are in 
reality elaborated by placental tissue. Collip has 
found the human placenta to have a high hormonal 
content. Moreover, in pigs and cows, in which no 
prolans are found in the urine, the placentz likewise 
contain none. In certain pathological types of placen- 
tal tissue, hydatidiform mole and chorionic epithelioma, 
such huge quantities of hormones are produced that 
it has been possible to differentiate these cases from 
normal pregnancies by means of this fact. It may 
be possible also that hormones of the corpus luteum 
are responsible for the excretion, instead of the normal 
retention of these products. 

We have then, in the urine of gravid patients, cer- 
tain chemical substances which are present in only 
small amounts in non-gravid urine. There remains 
only to find some test for their presence in order to 
determine if pregnancy exists. Since simple chemical 
assays are lacking, we are forced to employ biological 
indicators. The most widely used tests depend upon 
the presence of the anterior pituitary hormones, pro- 
lans A and B, in the urine. * Since these hormones 
stimulate the gonads, we need merely inject urine 
containing these substances into an animal and then 
seek those characteristics produced by stimulation of 
the gonads, such as formation of corpora hemorrhagica 
in the female, or development of the seminal vesicles 
in the male. 

Aschheim and Zondek in 1928 developed this tech- 
nic, using immature female white mice. They inject 
subcutaneously into five mice, from 0.2 to 0.4 cc. of 
morning urine, three times daily for two days. (Morn- 
ing urine is used because it is generally more concen- 
trated.) Two days later (100 hours in all), the mice 
are killed and the ovaries are examined microscopi- 
cally. Presence of corpora hemorrhagica and lutea 
are indicative of pregnancy. The use of immature 
mice is imperative for adults pass through cestrus 


171 











172 


cycles, during which ovulation occurs and leaves these 
characteristic signs. If such mice were to be injected 
with urine from a non-pregnant patient, the finding 
of these signs would result in an erroneous diagnosis. 

This test has been modified somewhat, particularly 
by Zondek, who extracts the urine with ether in order 
to remove or destroy certain unknown toxic substances 
which occasionally kill the mice. Incidentally, this 
treatment also removes the ether-soluble female sex 
hormone, which, however, is not necessary for this 

















FiGuRE 1.—ABOVE ARE SHOWN THE NORMAL OVARIES 
(INDICATED BY ARROWS) AND THE UTERUS OF A VIRGIN 
RaBBit. BELOW Is A SPECIMEN FROM A SIMILAR RABBIT 
Wuicu Hap BEEN INJECTED WITH GRAVID URINE Forty 
Hours PREVIOUSLY 


Note the dark red corpora hemorrhagica in the enlarged 
ovaries, indicating the presence of prolans in the urine in- 
jected, and consequently proving that the patient is 
pregnant. 


test. The water-soluble prolans remain in solution 
in the urine. This method of extracting the female 
sex hormones by the use of lipoid solvents is employed 
commercially in the extraction of this hormone from 
the urine of female pregnancy, for therapeutic purposes. 
Zondek also advocates the addition of glucose to the 
urine injected, claiming that it detoxifies and shortens 
the time required for the test, reducing the total time 
to from 48 to 72 hours. There have been many esti- 
mates of the accuracy of this test, some of them re- 
porting less than 2% error. 
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This test is used to a large extent, especially in 
Europe, but in this country is apparently being re- 
placed by the rabbit ovulation test, which was first 
recommended by Friedman, in 1929. 

The mature female rabbit differs from most animals 
in that ovulation does not occur in spontaneous cycles, 
but only following copulation. Consequently, a non- 
mated female rabbit will at no time have any corpora 
hemorrhagica or lutea in its ovaries. If then, follow- 
ing the injection of urine, corpora hemorrhagica are 
found in the ovaries, we can be sure that they have 
been caused by the presence of prolans in the urine, 
and that the patient is probably pregnant. This 
method requires the intravenous injection of from 5 to 
15 cc. of morning urine, which must be filtered if 
cloudy. The ovaries are examined macroscopically 
in from 16 to 48 hours later, when many large red 
corpora hemorrhagica are seen in positive cases. This 
test is somewhat more advantageous than the original 
method of Aschheim and Zondek, in that only one 
injection is required, results are obtainable in a shorter 
length of time, and no microscopic examination of 
the ovaries is necessary. Reports from those using 
this procedure indicate that it has an accuracy of at 
least 99%. Brown has modified the rabbit ovula- 
tion test, injecting from 2 to 5 cc. of the patient’s 
blood serum intravenously into a rabbit. He claims 
that the use of serum gives a more definite result within 
less time than does urine. 

These two widely used tests will accurately denote 
the presence of pregnancy as soon as the first menstrual 
period is missed. There have been some reports of 
diagnosis made of 18-day pregnancies, but these cases 
are usually not obtainable clinically. By utilization 
of some method to concentrate the hormones, such as 
precipitation with alcohol, it is quite possible that even 
earlier cases will be eventually reported. Following 
child birth, the test becomes negative in from 24 to 
72 hours. If the fetus dies in utero, a negative result 
is obtained only following the death or detachment 
of the placental tissue, so that these tests, after all, 
are really tests for the presence of living placental 
tissue in contact with the maternal circulation. 

In only two conditions other than pregnancy are 
positive readings elicited. One is the hydatidiform 
mole—a type of aberrant placental tissue without a 
fetus, and the other, chorionic epithelioma—a some- 
what similar, but malignant, growth. This latter 
tissue occasionally develops in the gonads of males, 
and only in this case will a test prove positive in a male. 
This fact is being utilized in order to check the prog- 
ress of the disease in both men and women. If, 
following treatment, the ovulation test is still positive, 
it means that further treatment is indicated, until 
negative readings are consistently obtained. Even 
when the chorionic epithelioma metastasizes to other 
regions of the body, as occasionally happens, these 
hormones are still found in the urine. 

Still other procedures have been recommended for 
the diagnosis of gravidity, although now not often used. 
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The Brouha test closely resembles the Aschheim- 
Zondek reaction, except that urine is injected into 
male mice. Here the end-point consists of an enlarge- 
ment and distention of the seminal vesicles. This 
response is thought to be due to stimulation of the 
testes by prolans A and B, just as similar stimulation 
of the ovaries results in an increased formation of 
cestrin, which then causes hypertrophy and vascu- 
larization of the uterus. 





FIGURE 2 


The left half of the high-power field is a vaginal smear 
from a female rat in dicestrus showing leucocytes (some- 
what diagrammatic). The same picture is always ob- 
tained from a castrated female rat or mouse. 

The right half of the field is a smear from a normal rat 
during cestrus, when only cornified, squamous, epithelial 
cells are present. An identical effect is produced in the 
castrated animal by the injection of the female sex hor- 
mone, as contained in pregnant urine. 


Siddall’s reaction utilizes the patient’s blood serum, 
one cubic centimeter of which is injected daily into 
a female mouse, for five days. At the end of that 
time, the weight of the entire mouse is divided by the 
weight of the uterus plus ovaries. The resultant ratio, 
if less than 400, indicates pregnancy. This hyper- 
trophy of the uterus is undoubtedly due to both the 
female sex hormone and the prolans, the first acting 
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directly on the uterus and the other stimulating the 
ovaries to an increased secretion of cestrin. 

The biological assay method for the female sex 
hormone, originally developed by Allen and Doisy, 
may also be used in this connection based on the knowl- 
edge that this hormone is much more concentrated in 
the urine during pregnancy. Castrated female mice 
or rats are injected with small quantities of urine at 
two-hour intervals for five times. Daily vaginal 
smears are made thereafter and examined microscopi- 
cally. If the urine contains large amounts of cestrin, 
typical changes, which are easily recognized, occur in 
the mucosa of the vagina. In a negative case, the 
smear consists mostly of leucocytes and mucus shreds. 
If positive, examination reveals large numbers of non- 
nucleated squamous epithelial cells. Castrated mice 
must be employed in order to insure the permanent ab- 
sence of these changes during the reproductive cycle. 

The true value of these procedures can be appre- 
ciated only by one familiar with the difficulty in dif- 
ferentiating an ovarian cyst, the menopause, uterine 
fibroids, and countless other conditions, from a preg- 
nancy; or a ruptured ectopic pregnancy from some 
other acute abdominal condition. To those who clamor 
for cheaper, rather than better, medical care, the use 
of these procedures will mean only another item on 
their physician’s bill. However, they will neglect 
to note that the results obtained by its use will oc- 
casionally obviate the necessity of a painful and far 
more expensive exploratory operation, or at other 
times, may indicate the pressing need of an operation 
in order to save the patient’s life. 
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It has long since ceased to be news that chemistry is a powerful ally to other sciences. Yet interest in 
specific alliances and in their modi operandi persists. A comparatively recent development in inter- 
scientific codperation is described in articles by Lyman C. Newell and William Foster which 
will appear in the May JouRNAL OF CHEMICAL EpucaTION. These papers discuss 
some of the services which chemistry has rendered to archeology. Such 
services are not entirely one-sided, however, for the history 
of chemical technology is thereby enriched. 
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In the last decade the sex hormones have commanded 
much attention both with regard to their physiological 
action and to their chemical nature. The importance 
of these substances in clinical use for corrective treatment 
and in the diagnosis of pregnancy and pathological cases, 
makes the chemical extraction and purification of these 
active principles of the highest importance, to say noth- 
ing of the purely scientific interest which is attached to 
such work. Consequently many interesting and valuable 
data have accumulated from various sources and have 
greatly increased our knowledge of the general chemical 
behavior of these hormones. Further detailed studies 
of the chemical nature of these substances are being carried 
on at the present time, especially on two or three of the 
hormones which have now been isolated in crystalline 


form. 
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HE sex hormones which will be discussed in this 

paper are those which are generally known and are 

secreted by the ovarv, the anterior lobe of the 
hypophysis and the placenta. They are present in the 
blood particularly during pregnancy and at this time 
some of them are excreted in large amounts in the urine. 
Pregnancy urine has been an excellent source of a num- 
ber of these substances. 

Of the cestrogenic substances, we have the follicu- 
lar hormone as found principally in the follicles of 
the ovary, the placenta, its associated fluids, and blood 
and urine of pregnancy. Two modifications of this 
hormone have been isolated from pregnancy urine by 
several investigators, namely, a ketonic form and a 
triatomic alcoholic form. In our discussion we shall 
use the nomenclature adopted by Doisy, namely 
“theelin” for the ketonic form and “theelol’’ for the 
alcoholic form. From the placenta and urine of preg- 
nancy Collip has isolated another cestrogenic substance 
which he has called “‘emminin” and which is apparently 
very similar to theelol. There are two corpus luteum 
hormones known, namely, ‘‘relaxin’’ which is obtained 
for chemical work chiefly from the corpora lutea of 
the sow but is also present in the blood of various 
animals during pregnancy. The second corpus luteum 
hormone, ‘‘corporin’”’ or “‘progestin,’’ is also extracted 
chiefly from sow’s corpora lutea. The anterior lobe 
or anterior lobe-like gonadotropic substances are found 
in the anterior lobe itself, in human placenta, in the 
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blood and urine of pregnancy, the urine of castrate 
women, and in the urine of certain pathological cases 
such as hydatidiform mole, genital carcinoma, and 
chorio-epithelioma. Whether the gonadotropic sub- 
stances obtained from these various sources are the 
same is doubtful, as will be brought out later. 


THE GSTROGENIC HORMONES 


The follicular hormone has been extracted from a 
number of sources and has a wide distribution. It 
is present, as stated above, in greatest amounts in the 
ovaries, in placente, in the placental fluids, and in 
blood and urine of pregnancy. Small amounts are 
found in normal female and male urine and substances 
of the same nature are also found in the plant world 
[(Z) to (10)]. Various methods of extraction have been 
used but in general the principle is the same, namely, 
an extraction with some fat solvent such as ethy] ether, 
chloroform, benzene, butyl, and in some cases ethyl 
alcohol. The product has then been purified by various 
methods. In 1929 Doisy and Butenandt, working inde- 
pendently, isolated the hormone in crystalline form from 
urine of pregnancy (11), (12). This crystalline material 
Doisy called ‘‘theelin.” Subsequently Laqueur (13) 
and co-workers accomplished the same crystallization. 
Since that time, due to their work, our knowledge of 
the chemical nature of this hormone has become much 
more detailed and exact. 

The crystalline hormone, theelin, is readily soluble 
in ethyl alcohol, chloroform, and benzene, less soluble 
in ethyl ether and ethyl acetate and very difficultly 
soluble in petroleum ether, so much so that it may be 
precipitated in crystalline form from various solvents 
by the addition of petroleum ether. In water, theelin 
is slightly soluble, 100 cc. of saturated aqueous solu- 
tion containing 1.5 mg. of the substance. It is acidic 
in nature due either to a phenolic OH or to the enoliza- 
tion of the ketonic group in the molecule. It is stable 
to acids and alkalies and to heat. It is sensitive to 
atmospheric oxygen, especially in ethyl alcohol solu- 
tion. 

Theelin has been found to have the empirical for- 
mula CisH22O2. The melting point is given as 250°C. 
It is optically active and is dextro rotatory ([a]’> +156 
in chloroform). The crystalline material gives a mono 
acetate and benzoate, an oxime and a mono methyl 
ether. It is concluded that the substance contains 
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three double bonds which are saturated by catalytic 
hydrogenation, only one of which takes up iodine, 
however. The substance contains one hydroxyl group 
and one keto group which shows tautomerism to an 
enol form (14), (15). 

Marrian isolated a second cestrogenic substance 
from pregnancy urine and found its formula to be 
CisH2Os (16). This substance contained three hy- 
droxyl groups. One of these hydroxyls was found to 
be acidic, due presumably to a phenolic grouping since 
the phenol reactions were positive. It was different 
physiologically from theelin in that its biological 
activity was much less. Later Doisy also isolated 
this second substance and called it ‘‘theelol’”’ (17), (18). 
He separated it from theelin due to differential solu- 
bility in alkali and ether, theelol being more soluble 
in the former. Butenandt also obtained this product 
and found that the activity of theelol, when brought 
to constant melting point (276°C.) by repeated crystalli- 
zations was only 20,000 rat units per gram while that 
of theelin was 8,000,000. The formulas of these two 
differ by one molecule of water and Butenandt was 
able, by heating with KHSO, in a vacuum, to change 
theelol (CigsH2,O3) to theelin (CisH2202) with a corre- 
sponding increase in biological activity, namely from 
20,000 rat units per gram to 8,000,000 units per gram 
(19). This is the best proof at the present time that 

_the crystalline theelin is actually the pure follicular 
hormone. It also demonstrates that theelin and theelol 


are two closely related substances existing in different 


forms. Butenandt suggests that theelol may be a 
precursory stage of theelin or possibly a modification 
to a more convenient form for excretion (19). The 
yield of theelol from urine is at least five times greater 
than theelin, but Doisy considers that this may be 
an artifact brought about during purification (18). 
Butenandt, on the other hand, believes that the two 
exist in that proportion which is not changed by the 
process of purification. 

At the present time neither theelin nor theelol has 
been obtained from any other source than pregnancy 
urine, although Collip has isolated from placenta a 
crystalline substance, “emminin,’’ which is some- 
what similar to theelol. He also obtained the same 
substance from the urine of pregnancy. It is nearly 
identical with theelol as far as melting points and car- 
bon and hydrogen content are concerned. However, 
the physiological activity does not seem to agree en- 
tirely with that of theelol. Collip gives the activity 
of emminin as 60,000 rat units per gram. Whether 
emminin is the same substance as theelol or is still 
another modification of theelin remains for further 
work to establish (20). 


HORMONES OF THE CORPORA LUTEA 


Two corpus luteum hormones have been studied and 
described; they are relaxin (21) and corporin (22) 
or progestin (23), (24). Relaxin, which produces re- 
laxation of the pelvic ligaments of certain animals 
does not seem to be present in all mammals. Thus 
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it occurs in the blood and placenta of pregnant rabbits, 
sows, dogs, cats, guinea pigs, and mares, but it has not 
been found in the blood of cows and women. The 
corpora lutea of sows have proved to be the best source 
of this substance. Corporin has also been studied 
chiefly as obtained from the corpora lutea of the sow. 
Its distribution in blood, urine, placenta, and other 
tissues has not been studied chiefly because of the 
presence of large amounts of follicular hormone which 
interferes with the biological assay of this substance. 
Because of the chemical similarity of the follicular 
hormone, and corporin, no satisfactory method of sepa- 
rating these two substances quantitatively has been 
developed. 

Relaxin, as is true with most of the sex hormones, 
has been studied chiefly in extract form and the purest 
preparations are still undoubtedly not pure. Conse- 
quently very little is known as to its exact chemical 
nature. It has, however, been purified to the point 
where the nitrogen content of the product is constant 
and the biological activity of the product also seems 
to be the same in different preparations. 

Relaxin is extracted from corpora lutea of the sow 
or from other tissues by means of acid alcohol. The 
extract is subsequently purified by the elimination of 
proteins, phospholipins, and other fatty materials by 
various methods, with the result that a water-soluble 
extract containing the active material in concentrated 
form is obtained. The hormone may then be precipi- 
tated from solution with picric acid and subsequently 
purified with the result that a product is obtained 
which contains from 25 to 30 guinea-pig units per 
milligram. It apparently has a peptide-like structure. 
The purified product contains 11.5% nitrogen, has both 
basic and acidic properties and has a definite isoelec- 
tric point of 5.4-5.5. Proteolytic enzymes break down 
the material to a point where it is no longer active. 
It is unstable to heat, to oxidation, to alkalies, and to 
formaldehyde. It is soluble in glacial acetic acid, 
only slightly: soluble in distilled water, but soluble in 
acidified or alkaline aqueous solution. It is insoluble 
in organic solvents such as ether, acetone, alcohol, and 
ethyl acetate (25). 

Corporin is quite different in its general chemical 
characteristics from relaxin. It is quite similar to 
theelin in its solubilities and general behavior with 
certain important exceptions. It is soluble in alco- 
hol, ethyl ether, acetone, and similar solvents. It is 
also quite readily soluble in aqueous ethyl alcohol 
above 33% alcohol and in petroleum ether. Bute- 
nandt states that theelin is very difficultly soluble 
in this medium. Corporin is more soluble in petroleum 
ether than in 50% aqueous methyl alcohol but more 
soluble in 90% aqueous methyl alcohol than in pe- 
troleum ether. Another definite difference in the 
chemical behavior of theelin and corporin is found in 
their respective reactions to alkali, theelin being quite 
stable while corporin is very labile. Both are de- 
stroyed by atmospheric oxygen but both are stable 
at fairly high temperatures (24), (26). 
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Corporin has recently been obtained in crystalline 
form but a detailed chemical study of the crystalline 
product has not yet been made due to the lack of suf- 
ficient material (27). 

Fevold, e¢ al. (26), obtained a third fraction from 
corpus luteum tissue of the sow which produced vaginal 
mucification in various animals. This preparation was 
ether-insoluble, alcohol- and water-soluble. The ac- 
tive substance was definitely destroyed by alkali. 
It has later been shown that mucification can be pro- 
duced by very small amounts of the follicular hormone 
theelin (28). Although the extract had been tested 
for cestrogenic action such small amovnts were present 
that it was only by testing a large amount of the prepa- 
ration that it was shown to be present. The fact that 
the activity was destroyed by alkalies does not corre- 
spond to the commonly recognized stability of the 
follicular hormone to such reagents. However, it 
seems probable that the production of the mucifica- 
tion reaction was due to the small amounts of follicu- 
lar hormone in this fraction since the same reaction 
can be produced with the crystalline hormone, theelin. 


GONADOTROPIC HORMONES 


There are several sources of anterior lobe or anterior 
lobe-like hormones which have a gonad-stimulating 
effect. Substances of this type are present in the 
anterior lobe, the placenta, blood of pregnant ani- 
mals, and human female urine. The active principles 
from these various sources have been studied by many 
investigators who have purified the active substances 
to various degrees. 

Zondek and Aschheim were perhaps the first to make 
use of pregnancy urine as a source of gonad-stimu- 
lating substance. They developed a method of con- 
centrating the active material by precipitation from 
the urine with alcohol. The precipitate was further 
purified by removing toxic substances by washing with 
ethyl ether. It was then taken up in water and cen- 
trifuged free of insoluble material and the resulting 
solution was used for injection. It was found that 
the substance from gravid urine brought the animal 
to sexual maturity with growth of follicles in the ovary, 
together with development of corpora lutea. It was 
also found that when the urines from women who 
had been castrated for some time, and the urines from 
women with genital carcinoma or women past the 
menopause, were used as a source, the physiological 
response was different. In these cases the injected 
animals came to sexual maturity but the ovaries con- 
tained only follicular growth. They called the active 
preparation from gravid urine prolan B, while that 
which gave only follicular growth was called prolan A. 
There were no chemical differences in the two prepa- 
rations as far as Zondek and Aschheim have reported, 
but the physiological action was quite different [(29) to 
(34) ]. 

Since their work several investigators have attempted 
to purify the active principle from pregnancy urine. 
While it can easily be removed from the urine by pre- 
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cipitation with alcohol or acetone, thereby concen- 
trating it greatly, still further purification is compli- 
cated by the lability of the active principle to acids and 
alkali and to relatively low temperature (60-80°C.). 
It is readily soluble in water and purifications have 
been effected by precipitation by saturation of the 
aqueous solution with ammonium sulfate (35), by 
absorption on charcoal or diatomaceous earth [(34), 
p. 146], by precipitation with uranyl acetate (36), 
or by precipitation with tannic acid (35). Fischer 
removed much inactive material from the aqueous 
solution by precipitation with barium acetate and 
barium hydroxide and obtained a preparation which 
contained 130-140 mouse units per milligram (37). 
Katzman and Doisy obtained a preparation which 
assayed 3800 mouse units per milligram. They ab- 
sorbed the active material on finely divided benzoic 
acid and further purified the product by fractional 
precipitation with acetone (38). 

Others have investigated the placenta as a source 
of gonad-stimulating substances. Zondek (39) did not 
consider the placenta a good source but Wiesner and 
Marshall (40) obtained sulfosalicylic acid extracts 
which were active while Collip, et al. (41), extracted 
placente with acetone and obtained a final alcohol- 
insoluble product which was very active and which 
was similar physiologically to the substance obtained 
from pregnancy urine. Collip’s method did not yield, 
active extracts when applied to pituitary material. 
In this laboratory the same method has been applied 
to placenta as has been worked out for pituitary pow- 
der with good success. The biological results ob- 
tained with the use of placental extracts are different 
from those obtained with anterior lobe in that it is 
not possible to increase the size of the ovaries much 
over that of normal ovaries of mature animals by the 
use of the former, whereas enormous ovaries can be 
produced by pituitary preparations. In this respect 
placental extracts are similar to prolan B. 

Gonad-stimulating material has also been extracted 
from the anterior lobe itself by the use of various 
solvents. Thus Evans and Long (42) succeeded in 
producing changes in the reproductive tract by the 
injection of alkaline extract of anterior lobe substance. 
This consisted of a powerful stimulus to lutein cell 
formation. Similar (alkaline) extracts have been used 
by various investigators; Brouha and Simonnet (43) 
observed similar effects; Leonard found that alkaline 
extracts produce ovulation in rabbits (44) while Weis- 
ner and Marshall (40) state that the cestrogenic proper- 
ties can be enhanced by removing the proteins by pre- 
cipitation with sulfosalicylic acid. Recently Bug- 
bee, et al. (45), used alkaline solutions to extract the 
gonad-stimulating substance from sheep pituitaries. 
Fevold, et al. (46), obtained good results by the use of 
aqueous pyridine as an extractive. This extract pro- 
duced follicular growth together with luteinization. 
Evans and Simpson (47) reported that acid extracts 
were effective in producing sexual maturity in young 
animals. Bellerby (48) described a method based 
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on extraction with 0.1% acetic acid. Hewitt (49) 
used the same extractive with good results. Wallen- 
Lawrence and Van Dyke (50) extract the pituitary 
glands by means of acetate buffer at pH of 4.5 with 
very good yield of active material. Hill and Parkes 
(51) induced ovulation in the hypophysectomized 
rabbit by the administration of acid extracts of the 
anterior lobe of the pituitary gland. 

It is thus apparent that the gonad-stimulating sub- 
stances can be extracted from the anterior lobe with 
alkaline or acidified solutions with almost equal suc- 
cess. Any difference in the physiological response of 
these extracts has not been entirely clear, although 
Evans (47) states that acidified extractives are better 
for follicular stimulating substance while alkaline ex- 
tracts are better for luteinizing hormone, which he 
believed at this time to be the same as the growth 
hormone. 

The question has always come up as to whether the 
physiological changes which are produced in the ovary 
by pituitary extracts are due to one substance or two. 
Is the production of follicles in the ovary caused by the 
same principle which causes the luteinization of the 
follicles? Evans and Simpson (47) state that the 
stimulus for follicular growth may not be the same as 
that causing luteinization. Zondek (29), (30), (31), 
(32) offers indirect evidence for the presence of two 
substances by his preparations from urine, prolans 
A and B, the former producing only follicular growth 
in the ovary while the latter also produces luteiniza- 
tion. Claus (52) reported the separation of the two 
substances from pituitary material. Fevold, et al. (46), 
reported the partial fractionation of their aqueous 
pyridine extract into a follicular stimulating frac- 
tion which in small doses produce mainly follicular 
growth and a fraction which was inactive on immature 
rats but which produced great luteinization when 
added to the follicular stimulating fraction. The 
follicular stimulating fraction has been further purified 
and it has been possible by the use of this fraction to 
produce large ovaries in rats and rabbits which con- 
tain only follicular development while the unfraction- 
ated pyridine extract produces large luteinized ovaries. 
On the other hand Bellerby (48) does not believe it 
is necessary to postulate two substances. Wallen- 
Lawrence and Van Dyke (50) do not believe that 
the theory of two substances has sufficient support. 
They believe that a small dose causes follicular growth 
while larger doses cause luteinization and that there 
is wide variation in the response of various animals. 
Evans (53) in a recent paper does not find evidence 
for two substances. 

Evidence seems to be accumulating which tends to 
show that the gonad-stimulating substances from 
various sources may not be the same. The evidence 
consists of the fact that the physiological response to 
preparations from various sources is different. For 
instance, it is possible by the use of the active material 
from pituitary glands to grow enormous ovaries in 
immature rats. On the other hand, the amount of 
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growth which can be produced by placental extracts 
and by preparations from pregnancy urine seems to 
be limited. Thus Collip (54) was not able to pro- 
duce ovaries in immature rats larger than normal adult 
ovaries by the use of placental extracts. Similarly 
Evans (53) found that the response of rats was pro- 
portional to dosage when pituitary material was in- 
jected while this was not the case when urinary prepa- 
rations were used. In the latter case the weight of 
the ovaries approached a maximum of about 60 mg. 
and increased dosage did not increase the size of the 
ovaries beyond this limit. Hypophysectomized ani- 
mals have been found to be very unreactive to urinary 
preparations but still reactive to preparations from 
the pituitary gland itself (51), (55), (56). Wallen- 
Lawrence and Van Dyke (50) find that pregnancy 
urine preparations were as active in males as females, 
while this is not true of anterior lobe substance. These 
investigators also find a difference in heat stability 
of the two preparations, pituitary preparations being 
more stable than those from urine. Evans (53) has 
put forth the theory, supported by experimental data, 
that the material which is obtained from urine does 
not act on the ovary but is an activator for the anterior 
lobe causing it to secrete the substance which affects 
the ovaries. This would explain the inactivity of 
urinary preparations on hypophysectomized animals. 

It seems probable that the active principle found 
in pregnancy urine is the same as that found in the 


placenta and is apparently secreted by placental tissue. 
This is supported by the fact that the physiological 
response is similar with preparations from either source. 
Also great amounts of the active substance are found 
in the urine of patients with pathological types of 
placental tissue such as hydatidiform mole and chorio- 
epithelioma which would also lend weight to the placen- 


tal origin of this material. The anterior lobe then 
secretes another substance or substances which are 
the true anterior lobe hormones. Prolan A would 
seem to be of pituitary origin since no other known 
source is present in the body at the time of excretion. 
If this is true it would seem that the anterior lobe 
must secrete a second luteinizing substance since an- 
terior lobe preparations ordinarily produce both follicu- 
lar and lutein development in the ovary. 

Friedman (57) has shown that ovulation can be 
induced in the rabbit by a single intravenous injec- 
tion of urine of pregnant women. Bellerby (58), Hill 
and Parkes (59), and Jares (60) obtained the same re- 
sults by injections of anterior lobe extracts. This 
reaction has become the basis of a test for pregnancy 
which is in quite general clinical use. It is generally 
agreed that it depends on the presence of the gonad- 
stimulating substances which are present in the urine 
of the patients at that period. In attempting to de- 
termine experimentally what hormone is responsible 
for the ovulation reaction Leonard (44) showed that 
it could be produced in rabbits by preparations from 
pregnancy urine, by prolan A, by anterior lobe extract, 
and by a growth hormone preparation from the an- 
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terior lobe which had no or very little gonad stimu- 
lating effect. As we have seen, these preparations 
give different physiological responses when tested by 
their effect on the ovaries of immature animals and 
probably the active principles do not come from the 
same source. However, they give the same result, 
qualitatively at least, when tested by the ovulation 
reaction. The possibility, therefore, arises that ovula- 
tion may be produced by a separate hormone which 
is present in all these preparations. The identifica- 
tion of the substance which causes ovulation, either 
as a separate hormone or identical with some other 
known substance, still remains to be accomplished. 
Leonard’s findings are suggestive, but more positive 
proof is needed. 

While these substances give different physiological 
reactions, no definite differences in chemical charac- 
teristics have been reported. The active material 
from any source is insoluble in organic solvents and 
is precipitated from aqueous solution by such solvents 
as alcohol or acetone. The active principles do not 
dialyze and are unstable to strong acids or alkalies. 
Fischer and Ertel (37) give the chemical reactions 
of their active preparations from urine as follows: 
positive biuret, Millon, Pauly, and Molisch reactions, 
but the Adamkiewicz-Hopkins reaction is negative. 
The active substance is precipitated by saturated am- 
monium sulfate, uranyl acetate, and by phosphotung- 
stic, phosphomolybdic and tannic acid, especially in 
acidified solution. Picric acid, ammonium molyb- 
date, copper acetate, and silver nitrate cause no pre- 
cipitation. Their preparation shows strong reduc- 
ing properties and they conclude that a carbohydrate 
is present which is probably a hexose combined with 
a protein component. Reiss, et al. (61) state that the 
substances are destroyed by trypsin but not by poly- 
peptidases which would indicate a substance of high 
molecular weight. 
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DEMONSTRATING 
ATOMIC STRUCTURE 


RALPH E. WELLINGS 


Dorchester High School for Boys, Dorchester, Massachusetts 


A simple, effective apparatus has been designed for 
teaching atomic structure to high-school classes. It 
consists of a board painted with white circles to represent 
electron orbits and a number of pegs which represent the 
electrons. These electrons can be set into their proper 
places in the various orbits. The atomic nuclei are cut 
from cardboard and hung at the center of the rings. The 
atomic weights and numbers are drawn on these nuclei. 

Electron transfer, chemical changes, the periodic law, 
etc., can be more easily explained by the use of this model. 
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HE modern theory of atomic structure has already 
reached such a stage of development that it has 
become indispensable for explaining such ideas as 

valence and chemical change. The theory is now 

taught as a part of every progressive course in high- 
school chemistry. ‘ 

Recent scientific magazines and textbooks supply 
necessary information about the theory so that no 


teacher need be without knowledge of essential facts. 
But the difficulty lies in a clear, interesting presentation 
of these facts to a class. Many teachers have evolved 
methods of doing this, most of, which are unsuited to 
high-school presentation either because they employ no 
apparatus at all or because the apparatus used is too 
complicated. This paper deals with a simple and effec- 
tive demonstration apparatus for teaching the rudi- 
ments of atomic structure. It may be used with 
physics as well as with chemistry classes or with 
students who are studying electricity. 

A plain board, of the dimensions shown in Figure 1, 
can readily be constructed from any wood available. 
Two stands are made to support the board in a vertical 
position on the lecture table. On each half of the board 
a central nucleus circle of about two-and-one-half-inch 
radius is drawn. About this a series of concentric 
circles is constructed having the measurements given in 
Figure 1. One-quarter-inch holes are bored through 
the board on these circles. Then other circles are 
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constructed so that the relation between holes and 
circles is as shown in Figure 1. Black paint over the 
face of the board forms the best background to bring 
out the electron shells which are done in white. Three 
of these shells will be sufficient for elementary purposes. 

Next, the electrons are prepared. Wooden rec- 
tangles one and one-half inches by one-half inch by 
one-quarter inch are cut out, holes are drilled half- 
way through them, and dowels are glued in place. 
These dowels may be three-quarter-inch lengths cut 
from meat skewers, which are easily obtainable. The 
rectangles may be painted yellow or orange. Some 
teachers may desire, in order to accentuate the valence 
idea, that the electrons used in the outer or valence ring 
be of a different color from those to be placed in the 
inner rings. However, this device has the drawback 
that it may give pupils the incorrect notion that some 
electrons are different from others. 

Lastly, stiff white or gray cardboard is cut into 
circular pieces, using the radius of the nucleus circle. 
On these the numbers of protons and electrons are 
indicated in black India ink. It is well to show the 
excess number of protons, or the atomic number, as a 
separate figure, so that the number of planetary elec- 
trons can be seen at once. When this work is ac- 
complished the circular pieces are coated with white 
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FiGuRE 1.—HALF OF THE SET-UP, SHOWING MEASUREMENTS 


shellac to prevent soiling by constant handling. A hole 
is punched in each nucleus and reinforced with an eye- 
let, a small nail or hook holding them to the board. 
On the back of each piece we may write the name of the 
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atom represented with, for ready reference, the exact 
atomic weight. 

In Figure 2 an atom of carbon and an atom of chlorine 
are pictured side by side. However, these diagrams 
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FIGURE 2.—COMPLETE SET-UP AND STAND DETAIL 


give no conception of how clearly the white orbits stand 
out against the black background, or of how easily the 
yellow electrons are visible to every pupil. When 
finished, the set-up is attractive and focuses the pupils’ 
attention at once. 

What can be demonstrated with this apparatus? 
The instructor can work out many lessons, such as 
electron transfer, the formation of simple ‘‘-ide’’ com- 
pounds and the gain and loss of electrons. Let us say 
a few words about one lesson on the periodic table. 

The structure of any atom from hydrogen to argon 
can be shown by the use of three rings. This number 
of elements is sufficient to show the essential structure 
of the periodic table. We may write the symbols of the 
elements on the blackboard as follows: He, Li, Be, B, 
H, C, N, O, F. Now we may start with hydrogen and 
construct each atom, using our apparatus and empha- 
sizing the number of electrons in the outer or valence 
ring of each. Continuing, we build up the neon atom 
and show that its proper place is beneath He. The list 
may be extended to include argon which is placed 
beneath Ne. Each horizontal line may be filled in from 
the periodic table in the textbook. The vertical 
columns can then be called by their family names—rare 
gases, alkali metals, etc. How much better this method 
is than simply assigning the pupils the nearly impossible 
task of finding out for themselves the make-up of the 
periodic table. 





Readers particularly interested in Priestley and in the American period of his career will 
find much material of interest in the Priestley number of the JouRNAL, 
vol. 4, no. 2, February, 1927. Unfortunately, this 
number is now out of print. 





ORGANIC TECHNOLOGY" 


R. NORRIS SHREVE 


Purdue University, Lafayette, Indiana 


The present article describes the newest option in the 
School of Chemical Engineering at Purdue University, 
pertaining to the application of organic chemistry to indus- 
try. The description of the procedures includes that of the 
junior year, in which the fundamental facts relating to 
organic technology are taught, and the work of the senior 
year, in which instruction is classified entirely by reac- 
tions, such as nitration, sulfonation, reduction, hydro- 
genation, etc. The object of the course is to lessen the 
severity of the ‘‘breaking-in’” period of the new employee 
by instilling into him the usages and procedures of the 
factory. 

++ oe oo + 
HE School of Chemical Engineering at Purdue 
University is divided into various departments, 
comprising different options in the course of instruc- 
tion. These options embrace: General, Metallurgy, Gas, 
and Military Chem- 


such a way as to lessen the severity of the “‘breaking-in’’ 
period of the new employee by instilling into him the 
usages and procedures of the factory. 

The industrial organic procedures underlying the 
special part of this training are presented from two 
points of view. In the junior year the fundamental 
facts pertaining to organic technology are taught. 
The classification under which these procedures are 
arranged is that by industrial groups: for example, 
rayon, starch, explosives, fats, petroleum, soap, resins, 
wood products, varnishes, paints, lacquers, and the 
like. Riegel’s “Industrial Chemistry’ is used as a 
textbook, supplemented by the writer’s experience of 
twenty-five years in industry. 

Since the instruction is intended for students of 
chemical engineering, much stress is laid upon the ap- 
paratus involved by actual inspection of typical equip- 
ment, supplemented 





istry, and Organic 
Technology. The 
school, under the 
leadership of Profes- 
sor H. C. Peffer, has 
grown from 98 fresh- 
men, 19 graduating 
in the year of 1927- 
28, to 196 freshmen, 
48 graduating in the 
year of 1931-32. 
This growth has ne- 
cessitated the various 
options, and is also 
bringing about a 
policy of selection or 
restriction. The 
newest option per- 
tains to the appli- 
cation of organic 
chemistry to indus- 
try and is called, 
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by lantern slides and 
projection from line 
drawings and cata- 
logs. It might be 
remarked in passing 
that the writer uses 
a great many lantern 
slides. He has found 
these to be quite 
satisfactory now that 
we have the new 
screens which permit 
sufficient light in the 
classroom so that the 
students can take 
notes and make 
sketches while the 
picture is on the 
screen and being dis- 
cussed. 

As all teachers re- 
alize, students tend 








“Organic Technol- 
ogy.” This option 
was first offered two 
years ago. It has been thought that a description 
of the procedures used in this option would be of 
interest to others in the universities engaged in teach- 
ing applied chemistry or chemical engineering. The 
object of the instruction is to prepare the graduate 
to become an integral part of the industrial work in the 
field of applied organic chemistry, and to do this in 


* Presented before the Division of Chemical Education of the 
A. C. S., at Denver, Colorado, August 23, 1932. 


FicureE 1.—To Aip THE STUDENTS IN THE HANDLING OF REPORTS, 
Various Forms ARE FURNISHED THEM 


to become absorbers 
of knowledge, and 
not producers. Con- 
sequently the lectures and the textbook are constantly 
supplemented by problems involving the industry 
being studied, and by contact with equipment in the 
chemical engineering laboratory. 

In the senior year, a very different viewpoint of 
the organic field is taken, the instruction being clas- 
sified entirely by the reactions involved, and proceed- 
ing under this classification by the case system of 
using specific examples to bring out the points desired. 
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A subdivision into aliphatic and aromatic is pursued 
and under these main heads are arranged the various 
unit procedures of nitration, reduction, fusion, sul- 
fonation, condensation, hydrogenation, hydrolysis, 
pyrolysis, saponification, diazotization, coupling, con- 
densation, etc. 

These unit chemical procedures are presented, giving 
first the main principles involved and then taking up a 
number of important individual chemicals or ‘‘cases”’ 
under the unit procedure in question. Here very 
little stress is laid 
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facture of this chemica! and if so what the markets are—like- 
wise the selling price, cost of manufacture, and raw materials, 
chemistry of its manufacture, and outline of the probable meth- 
ods for making the naphthionic acid, together with sketches 
of the proposed plant. 


In other words this would be a report on the industrial 
aspects of a given chemical up to the point where it 
would go into the laboratory or pilot plant for ex- 
perimentation. When this problem is presented, the 
remark is made that the student should undertake its 
solution with the 
same viewpoint that 
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“tons” are employed 
and in most cases 
the figures are taken 
from actual operations. The economics is constantly 
stressed and an answer to a question would be con- 
sidered wrong if a higher priced chemical were speci- 
fied when a cheaper would work just as well from a 
chemical viewpoint. The Oil, Paint and Drug Reporter 
is available to the students and much used. 

In the first half of the year a problem is presented 
to the entire class in somewhat the following manner. 


Assume that you had a job, and your superintendent came to 
you and asked you to determine whether you should manu- 
facture a certain chemical or not, say for example, naphthionic 
acid. Furthermore the superintendent told you he would expect 
an answer regarding whether the firm should take up the manu- 
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contact with in- 
dustry. 


COMMERCIAL DEVELOPMENT OF A CHEMICAL PROCESS 

Conception of the reaction and its writing on paper together 
with estimate of yield and cost. 

Search of the literature and preparation of a bibliography 
of past work directly or indirectly pertaining to the 
subject. 

Laboratory work on a small scale, trying out the reaction. 
This should accompany the literature search to give a 
better understanding of what to search for. In the labo- 
ratory all factors capable of variation should be investi- 
gated on this small scale. 

Laboratory work on a 100-gram scale, testing out the pro- 
cedure shown to be best by the small-scale work. Much 
data can be learned here regarding the physical properties 
of the reacting substances such as fineness of precipitates. 
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Analysis can also be made to ascertain purity of finished 
All these reactions should be quantitative. 

5. Preparation of an accurate flow-sheet as a preliminary to 
This should include: 


product. 


design of plant. 
(a) List of steps. 


(6) Amounts of materials to be handled daily and per 


charge. 


(c) Amounts of by-products formed. 


(d) Yields. 


(e) List of apparatus needed under each,step. 
This flow-sheet will need to be corrected from time to 


time as the work progresses. 


6. Estimate of cost of plant and of product. 


FLOW-SHEET FOR BETA-NAPHTHOL 


a 


7. Semi-plant operation. 
This is the so-called pilot-plant scale wherein the reactions, 
or rather operations, are carried out using small apparatus 
of a nature and material similar to what will be used ona 
large scale. How are ascertained the engineering 
factors involved, such as: 
(a) Corrosion. 
(6) Ease of handling. 
(c) Estimate of labor. 
Design of plant. 
Sketches made by chemist or chemical engineer are to be 
drawn in accurately by the draftsman, and with bill of 


material figured out. 


8. 
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Definite estimate of cost of equipment to be made and 
approved by management. 

Orders to be placed for equipment. 

Apparatus to be installed and tested for mechanical defects 
such as leaks in pipes or tanks. 

Foreman to be trained. This is generally done initially in 
pilot plant. 

Operations to be standardized as to time and material, 
and checks instituted to keep the workmen to a high state 
of efficiency. 

Control tests to be made to insure product of acceptable 
purity. Raw materials to be analyzed. 


MISCELLANEOUS POINTS TO BE CONSIDERED 


Legal relations: restrictions. 
Markets. 
(1) Present. 
(2) Stability—probable increase or decrease. 
(3) Variety. 
(4) Competition. 
Hazards. 
(1) Fire. 
(2) Explosion. 
(3) Occupational. 
(4) Transportation (see k below). 
(5) Gas and dust effect on neighborhood. 
Complexity of reactions. 
Length of time for cycle. 
Novelty of process: relation to other processes for making 
same product. 
Ease of purification. 
By-product. 
Relation to other products made at plant. 
Ease of control of reaction: regularity of yields. 
Transportation conditions and hazards. 


DISTINGUISHING CHARACTERISTICS IN COMPARISON WITH 
LABORATORY REACTIONS 
Greater complexity of commercial processes. 
Deleterious influence of impurities in product. 
Deleterious influence of impurities in raw materials. 
Ability to secure a very pure product in many cases despite 
isomers. 
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Naturally in these term problems, the study can be 
carried only up to the laboratory research. How- 
ever, prior to the cost calculation, the chemical en- 
gineering flow-sheet must be worked out in detail as is 
shown in Figures 2 and 3. 

In the second half-year a similar report is assigned to 
the class but in this case each individual member is 
given a separate problem, and often one in which he is 
particularly interested. In making this individual 
report the student occasionally confers with the in- 
structor so that some guidance can be given. It has 
been highly gratifying to see the interest the students 
have taken in this work and the really good results 
achieved. 

As it is the writer’s experience that the factors that 
have the greatest influence upon the profits of an indus- 
trial operation are the yields of the chemical reactions 
involved, much and continued stress is laid upon the 
chemistry concerned and the necessary steps to effect 
the very best possible yields. Naturally here the 
cost of labor and equipment necessary to increase the 
recovery is balanced against the value thereof. 

To emphasize the chemistry, engineering, and equip- 
ment industrially employed, certain examples or 
“cases’’ are selected under each reaction class or unit 
procedure. These are treated in some detail in the 
lectures where the chemical reactions are first pre- 
sented and then the engineering flow-sheet, supple- 
mented by lantern slides of the apparatus needed. 

In view of the necessity of covering the field of or- 
ganic technology in a definite time, all important chemi- 
cals cannot be treated in equal detail. The outlines 
lay emphasis on some significant aspect of one ‘‘case’”’ 
and another aspect of a different ‘‘case.”” But always 
the fundamental chemistry involved is treated fully. 
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RADIUM-WATER GENERATORS 


HERMAN SCHLUNDT, RALPH G. FULTON, ann FRANK BRUNER 


University of Missouri, Columbia, Missouri 


Three representative radium-water generators were 
tested for radioactivity. The quantities of (1) radium 
emanation (radon) and (2) radium (element) actually 
present in water samples were determined when the 
generators were operated according to directions of the 
makers. It is concluded that steady drinkers of water 
from even the most active type of generators do not stand 
in danger of contracting radium poisoning. The alleged 
therapeutic value of slightly radioactive waters probably 
rests more on the larger daily doses of water drunk than 
on the radon contained therein. 
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NDER the title ‘‘Radium-Water Generators” 
we have included the various types of apparatus 
and appliances which have been devised (and 
most of them patented*) for rendering ordinary water 
radioactive. The generators fall into two classes: 
(1) those in which water stands in contact with the 
source of radioactivity, and (2) those which employ 
radium emanation (radon) in making the water radio- 
active. In the latter, the water to be activated does 
not come in contact with radium, the parent of radon, 
at all. In this type of generator the therapeutic agent 
is the radioactive gas, radon, and its disintegration 
products, RaA, RaB, and RaC. Since radon has a 
relatively short life, compared with radium, it follows 
that water made radioactive by dissolved radon is 
characterized by temporary radioactivity. Radon 
decays spontaneously to half value in 3.85 days. 
Hence, we find that bottled water, whether it has been 
made radioactive artificially with radon or is natural 
water free from radium but possessing activity due to 
dissolved radon, gradually loses its activity, and in the 
course of a month becomes practically inactive. 
On the other hand, water containing even minute 
traces of radium compounds retains a permanent 
activity as long as the radium salts remain in solution. 
The radioactive elements present in water of permanent 
activity are radium, and its transformation products, 
radon, RaA, RaB, RaC. Thorium-bearing ores, or 
mesothorium concentrates, have been rarely used as 
activators in radium water generators. Whether 
or not the activity is permanent, can be readily de- 
termined by boiling off the radon, sealing the water 
sample for a time and determining whether there is a 
recovery of activity. 
Our analytical determinations have been confined 
to three representative generators of the first type. 
* Some of the trade names of water activators are: Radium 
Emanator, Radium Cone, Radium Ore Revigator, Radiumator, 


Radium Urn Vitalizer, Radonizer, Liquid Sunlite, Radium Spa, 
and others. 


We have determined (a) the quantity of radon present 
in the activated water, expressing it as millimicro- 
curies{ per liter; and (b) the quantity of radium per 
liter expressed as micrograms, 10~° g., or millimicro- 
grams, 10~° g., per liter. 

The activity of water samples was determined by 
measuring electroscopically the quantity of radon 
dissolved in the water after it had stood in contact 
with the radioactive source for a definite period. The 
apparatus for such determination was an improved 
form of the apparatus described by Schlundt and 
Moore and others for separating quantitatively radon 
from water samples (1), (2), (3), (4). The collected 
gases containing the radon are introduced into an evac- 
uated chamber of a standardized electroscope through a 
drying train, and 
three hours later 
readings of the drift 
of the charged leaf 
of the electroscope 
are made. Work- 
ing with calibrated 
electroscopes the 
radium content of 
the water sample 
can be calculated, 
assuming that the 
net rate of dis- 
charge of the elec- 
troscope is propor- 
tional to the radon in the ionization chamber. 

The first generator, A, tested consisted of an alu- 
minum container of about four liters capacity, the 
design of which is shown in Figure 1. The water com- 
partment, A, is made of double-walled aluminum, the 
space between the walls being filled with heat-insulat- 
ing material, inasmuch as the generator is also in- 
tended to keep ice water. The double-walled lid, B, 
is similarly insulated. C is the water tap and D, 
the radioactive brick. The radon produced by the 
radioactive material in the brick diffuses into the water 
and is taken into the system by drinking the water. 

After standing in the generator for one day, a two- 
liter sample of water was drawn off and tested for 
activity. The radon content was found to be too small 
to be detected. Since such a time interval represents 
approximately that which would occur if the generator 
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FIGuRE 1 





+ One millimicrocurie radon, MyuC, or 10~°C., is the quantity 
of radon in equilibrium with one millimicrogram, 10~° g., radium 
(element). One micro-microcurie, wuC, or 10~!C., is the quan- 
tity of radon in equilibrium with one micro-microgram, 10~™ g., 
radium. One millimicrocurie radon per liter of water equals 
2.75 Mache Units. 
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were in daily use, it is obvious that the generator is 
practically worthless as far as its emanating power is 
concerned. Another sample of the same volume, left 
standing in the generator for a week, gave a radon 
content of such a value that the equilibrium amount, 
or maximum obtainable, would be 17.9 wuC (17.9 xX 
10~! curies) per liter, and this could only be obtained 
by allowing the water to stand in the generator for a 
month. The quantity of radium which goes into solu- 
tion is too small to be detected in a four-liter sample 
of water. 

The radium content of the radioactive brick was 
determined by the bisulfate fusion method (5) and 
found to be 8.98 X 10!" g. of radium per gram sample. 
Since the brick weighed 570 g., its total radium content 
is 5.1 millimicrograms, and this amount of radium 
should produce 5.1 millimicrocuries of radon at 
equilibrium. Since 17.9 X 10~' curies of radon per 
liter were found, four times this amount, or 71.5 X 
10-12 curies, were present in the four liters of water 
contained in the generator. The efficiency was there- 
fore only 71.5 X 1071#/5.1 X 107°, or 1.4 per cent. 
The low value was probably largely due to the lack of 
porosity of the 
brick. The radon 
produced within it 
is practically all re- 
tained. Taking the 
value of radium as 
$100 per milligram, 
the value of radium 
in the brick is one- 
half cent. 

The second gen- 
erator, B, tested was J 
of quite different 
design, and is shown 
in Figure 2. The , 
container of the generator is made of stoneware. It is 
divided into two compartments by the removable stone- 
ware partition, A. This partition is made tight by 
means of a circular rubber gasket, B, which fits between 
the partition and the girdle, C, of the container. The 
partition is held firmly in position by the anchor rod, 
D, which is fastened to the bottom of the container, 
passes through a hole in the center of the partition, 
and terminates with a leather washer, a metal washer, 
and a wing nut, E, asshown. Vent, F, is a metal tube, 
flush at the under side of the partition, passing through 
it, and closed by a valve cap. A cut-off valve, G, makes 
it possible to connect the two compartments. The 
water tap is shown at H, and S is the source of radium 
and radon. It consists of ground carnotite ore firmly 
packed in a porous clay box and held in place by 
a porous lid, thus resembling a brick. 

The generator is set up by first inserting the radio- 
active brick and filling up with water to the girdle. 
The rubber gasket is then put on and the partition, A, 
put into place. The cut-off valve, G, is then opened 
so as to connect the upper and lower compartments. 
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FIGURE 2 
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Vent, F, is then opened and the partition is fastened 
securely in place by means of the wing nut on the 
anchor rod. The cut-off valve and vent are then 
closed, and the compartment tested for air leaks by 
opening the tap. If connections are tight no water 
will run out of the tap. When the compartment is 
air-tight, the cut-off valve and vent are opened and the 
upper compartment is filled with water up to the level 
of the vent cap. The cut-off valve and vent are then 
closed, and the lid put in place, and the generator is 
ready for use. When water is to be drawn, the cut-off 
valve and tap are opened. The water which is drawn 
is replaced by water from the upper compartment, 
and the lower compartment is always kept completely 
filled with water. This fact, together with that of the 
compartment being air-tight, insures that all radon 
discharged into the water is being retained by the water, 
since it does away with loss by diffusion into the air. 
Water must be added to the upper compartment from 
time to time to replace that consumed, and the water 
level should not be allowed to fall below the opening 
of the cut-off valve. 

This generator produced water much more radio- 
active than the former one, 77.5 millimicrocuries of 
radon per liter being obtainable at equilibrium; a 
value 4300 times as large as that obtained from genera- 
tor A. The carnotite ore which serves as the source of 
radon in this generator assayed 7.3 per cent. uranium, 
and weighed nearly 450 g. Its radium content then 
is that in equilibrium with 33 g. of uranium in a natural 
mineral which is given by 33 X 3.4 X 107’, or 11.2 X 
10-* g. This amount of radium should produce 11.2 
microcuries (11.2 X 10~® curies) of radon at equi- 
librium. Since 77.5 X 10-° curies of radon per liter 
were found, 4.6 times this amount or 35.7 X 1078 
curies were present in the 4.6 liters of water contained 
in the generator. Its radon efficiency is therefore 
35.7 X 10—8/11.2 X 10-6 or 3.2 per cent. At $100 per 
milligram the value of the radium in the brick is about 
$1.10. 

Water remaining in generator B for four days would 
contain 40 myC of radon per liter. A person drinking 
six glasses of water a day as the directions suggest, 
would ingest a daily dose of radon amounting to about 
75 muC. To generate this amount of radon per day 
calls for 450 myg of radium when we assume that 
all of the radon produced finds its way into the water. 
Taking the value of radium as $100 a milligram, this 
would represent a value of 5 cents. 

Under normal operating conditions the activated 
water in this generator was found to contain 6 X 10~° 
g. radium per liter. A person drinking six glasses of 
water, 1800 cc., would be taking in 11 millimicrograms 
of radium daily, and in the course of a year of steady 
use 4 micrograms of radium would be ingested. 

The third generator, C, Figure 3, looks like a mere 
toy in comparison with the dimensions of generators 
A and B. This radium water activator consists of a 
cut glass tumbler, JT, holding 70 cc. of water. It is 
fitted with a bakelite top, C, carrying a rubber gasket, 
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G, which can be clamped down air-tight by means of a 
yoke, Y, attached to the base, B. Fastened to the top 
by metal mountings is a white porous earthenware 
cylinder, S, open at the bottom, 2.5 cm. in diameter 
and 4.5 cm. tall. The radium source, a slightly soluble 
salt of radium, e. g., the carbonate, is incorporated 
in the walls of the porous cylinder. 

Since the directions advise drinking two glasses of 
water a day, the radon determinations were made at 
intervals of twelve hours. Likewise the radium con- 
tent of the water was determined after an exposure of 
twelve hours. Before making the radon determina- 
tions the generator was operated for several days, by 
changing the water every twelve hours. In making 
radon determinations it was found necessary to reduce 
the volume of water to 1 cc. The total radon dissolved 
in 70 cc. of water was found to be 2237 myuC for an 
exposure of twelve hours, which corresponds to an 
equilibrium amount of 26,000 muC or 26 uC, and a 
concentration of 370,000 muC or 370 uC, per liter, a 
value nearly 4800 times the activity of the water capable 
of being produced in gener- 
ator B and 22 million times 
as active as the water of 
generator A, 

A small fraction of the 
radium in the core goes into 
solution. We determined 


the permanent activity of 


water activated in this ‘'\* 


generator by boiling off first 
all the radon which had ac- 
cumulated in a 70-cc. sample 
in twelve hours. The com- 
pletely de-emanated sample 
was then sealed and allowed B 

to stand for a definite period, 

4to6days. The growth of ~— 
radon in the sample was FicureE 3 
measured by boiling off 

again the radon which had accumulated and meas- 
uring it electroscopically. It was found that the 
actual radium dissolved in 70 cc. of water was 34.7 
myg. Hence, of the equilibrium amount of radon, 
26,000 muC, scarcely 0.2 per cent., is generated by 
the radium which goes into solution to activate the 
water permanently. 

Finally, the radium content of the active source was 
determined. The core was detached, sealed in an 
8-inch test-tube and after a month its gamma-ray 
activity was compared with a radium standard by 
means of a special type of gamma-ray electroscope 
(8), (9). Measured in this way the core contained 
31.5 wg of radium (element). Since the equilibrium 
amount of radon, the amount which would accumulate 
in one tumbler full of water, is 26 uC, it is seen that the 
free emanating power of the radium in the core is 
unusually high, 82 per cent. : 

The foregoing results are summarized in the following 
table: 
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AcTIviry oF RADIUM WATER GENERATORS 


Ra Content of Radon per Liter 

Generator Active Source at Equilibrium of Radon of Radium 
A 9.0 X 10%g. 72 KX 1072 C 0.005 muC 

B 11.2 X 10%*g. 78x 10° C 4 muC 

Cc 31.5 X 10°§g. 26 X 10°° C 4470 myuC 


Daily Dosage Daily Dosage 


11 mug 
69 mug 

Water activated in generator B has an activity as 
high as some of the more active spring waters whose 
radioactive properties have been extolled. 

Since radium poisoning results from a deposit of 
the element radium in the bony skeleton, to the 
amount of several micrograms, let us consider whether 
a danger lurks in the permanent activity of the water 
activated in generator C. (It is evident that the 
quantities of radium in water activated in generator 
A are negligible.) Drinking two glasses a day of the 
activated water introduces 70 millimicrograms of 
radon into the system daily, which totals from 20 to 
25 micrograms of radium during a year of steady use. 

Soluble radium salts taken into the system by mouth 
are rapidly eliminated during the first week after 
ingestion. The experiments of Seil, Viol, and Gordon 
(6) show that only 25 to 35 per cent. of radium taken 
orally remains in the system for longer than five days. 
Later the rate of elimination is somewhat less than 
one per cent. per day. Our own experiments and those 
of Barker and Schlundt (7) show a rate of elimination 
somewhat higher. A second factor must be con- 
sidered: by the process of solution the store of radium 
in the radium-bearing source becomes depleted daily. 
According to our determinations steady service for a 
year would reduce the radium source to one-fifth its 
initial value, and thus leave the generator quite im- 
potent. With both of these factors operative, the risk 
of contracting radium poisoning even by drinking 
water from this unusually active generator must be 
regarded as rather remote. 
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INEXPENSIVE 
APPARATUS 


-CLARENCE C. VERNON 


University of Louisville, Louisville, Kentucky 


HE interest shown in simple and inexpensive labo- 
ratory apparatus, as manifest by the current litera- 

ture on the subject, has led the author to describe 

two simple appliances found helpful in his laboratory. 
In most student laboratories tongs for handling 
beakers of hot liquids are not available. The time- 
honored method of using a 

towel is somewhat danger- 

ous, and often inconve- 

nient. The accompanying 
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illustration, Figure 1, illustrates the method used by 
the students in the author’s laboratory. The fact that 
no accidents have occurred indicates that the method 
is satisfactory. The only precaution necessary is to 
make sure that the tubing is of that type which does not 
stretch appreciably. Pressure tubing having fabric in 
it is most satisfactory, especially for handling the larger 
sizes of beakers. Flasks of various types can be han- 
dled in a like fashion, though not so securely as beakers, 
unless both hands are used. 

Pressure tubing having fabric in it may also be used 
in a similar fashion to provide a secure grip on the screw 
caps of bottles and jars, when these are difficult to 
remove. 

A second device, useful particularly in organic 
qualitative courses where many melting-point determi- 
nations must be made, is a small spatula. The ac- 
companying illustration, Figure 2, shows the form 
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found most satisfactory. These spatulas, in any 
desired size, may be made from a piece of heavy-gage, 
stainless-steel wire by flattening each end with a 








FIGURE 2 


hammer, smoothing the rough edges with a file or 
emery wheel, and then bending to the desired shapes. 
The angular blade illustrated is useful for removing 
solids from vessels having narrow necks and large 
bodies. By bending the shaft, almost any point in a 
distilling flask may be reached for removal of solids. 
The straight blade is most useful for grinding small 
samples on porous plates, previous to filling a melting- 
point tube. Since these spatulas can be made from 
lengths of wire useless for other purposes, each student 
may make several sizes, although the small sizes find 
more general usage. 


dA TEST-TUBE 
CONTAINER for 

PHOTOCHEMICAL 

EXPERIMENTS 


SAUL S. HAUBEN 
Brooklyn Technical High School, Brooklyn, New York 


XPERIMENTS or demonstrations in photog- 
raphy and blueprinting, to be carried out 
properly, require some means of preventing light 

from affecting sensitive compounds or 
mixtures. For photography, laboratory 
manuals direct that a portion of freshly 
precipitated silver bromide or chloride be 
kept in the dark for a few minutes, while 
another portion of the same material is 
exposed to sunlight or artificial light. A 
similar procedure is necessary in the study 
of the blueprinting process. Manuals 
recommend the use of a dark place or 
wrapping of black paper around the test 
tube. 

Instead of these incompletely satisfac- 
tory means of keeping the light-sensitive 
materials in darkness, the writer makes 
use of the simple metal test-tube container 
shown in the diagram. The container was 
constructed in the metal-working shops 
of this school by one of the instructors. 
All of the seams are soldered. The 
container stands upright. The interior 
surface is darkened with black paint. 
The test tube fits into the container 
snugly. Solutions to be used are poured 
into the test tube in the container and tube is then stop- 
pered. This renders the interior of the test tube com- 
pletely dark Mixing of the solutions is done in dark- 
ness. One is thus assured that the results obtained will 
be those desired. 
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HEATED VACUUM MICRO- 


EUGENE W. 


DESICCATORS 


BLANK 


Pennsylvania State College, State College, Pennsylvania 


use of a desiccator. An extension of this need 
involves the use of a vacuum desiccator to dry 
difficultly crystallizable compounds. 

Figure 1 shows the construction of a vacuum desic- 
cator that is simple in construction and withal efficient. 
The dimensions may be varied to fit the material with 
which the apparatus is to be constructed. A brass, 
or preferably aluminum, block is drilled to contain the 
desiccator tube and thermometer. The bent portion of 
the tube is filled with a suitable drying agent, usually 
CaCl, and placed in the block. The aluminum block 


Pb ccasa frequently call for the 


FIGURE 1.—DETAILS OF THE VACUUM MICRO-DESICCATOR 
HEATED BY MEANS OF A MICRO-BURNER 
APPROXIMATELY !/; X 


may be split horizontally into two sections to admit of 
readily removing and inserting the desiccator tube. 
A thin sheet of asbestos paper protects the drying agent 
from undue heating. The block is heated by means of 
a micro-burner or it may be placed on a steam-bath. 

Care should be taken in breaking the vacuum to 
prevent scattering of material by an inrush of air. 
This scattering of material can be further guarded 
against by packing the exhaust tube with cotton or 
glass wool. The boats, containing the material to be 
dried, rest on a thin strip of copper metal placed in the 
desiccator. 

Figure 2 represents an apparatus that is adapted to 
the gentle drying of materials over a long period of 
time. The use of a liquid bath requires no temperature 
control by constant personal attention. 


The material is placed in small crucibles which are 
supported on a wire tripod. The latter is made up of 
three wires soldered to small metal rings. 

A few glass beads are placed in the flask to prevent 
bumping. The drying agent is preferably P.O; for the 

reasons that its melting 
point is very high and it is 
strongly absorbent, thus 
overcoming the objection to 
its being influenced by the 
heat of the bath. The 
desiccator may be charged 
with PO; without having it 











FIGURE 2.—DETAILS OF THE 

VacuuM MICRO-DESICCATOR 

HEATED BY MEANS OF A 
Liguip-VAPOR BATH 
APPROXIMATELY 2/; X 














stick to the side walls 
by first inserting a glass 
tube slightly smaller than 
the internal diameter of 
the desiccator tube. 
Appropriate organic liquids for use in the apparatus 
can be selected by consulting a table of boiling points. 
Since the foregoing paper was submitted, the author’s 
attention has been called to a device somewhat similar 
in principle to the second apparatus described, offered 
by the Fisher Scientific Company and described in 
The Laboratory, 4, No. 1, p. 13. 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Experiments in electrochemistry. R. B. Waters. Pop. Sct. 
Mo., 121, 58 (Dec., 1932).—Experiments dealing with the pro- 
duction of electric currents by means of chemical reactions are 
described. Electrolysis of solutions is also treated briefly. 

1s Be ge SS 

Le Chatelier’s principle. G. VAN PraacH. Sch. Sci. Rev., 14 
201-2 (Dec., 1932).—The reaction N2O, = 2NO: is suggested 
for the demonstration of Le Chatelier’s principle, the change in 
equilibrium being made evident by change in color. ‘‘Nitrogen 
dioxide is passed at room temperature into a vessel fitted with 
two taps, until the color is pale orange. The taps are then closed. 
One is connected to the water pump and opened momentarily. 
The color becomes pale yellow, owing to removal of gas by the 
pump, but within a second or so it returns almost to its original 


depth, owing to an increase in concentration of the NO, caused 
by further dissociation following the reduction in pressure.” 
O.R 


The suppression of sulfuric acid mist in Kjeldahl digestions. 
A. HENwoop AND R. Garey. Science, 76, 523 (Dec. 2, 1932).— 
The prevention of the escape of sulfuric acid mist and the simul- 
taneous free exit of steam, sulfur dioxide, and carbon dioxide 
was accomplished by inserting in the neck of the digestion flask 
a snugly fitting tube of alundum, closed at the bottom and 
flanged at the top so that it might be supported on the flange 
of the flask. The alundum tube may be washed out at the end 
of the digestion, thus recovering any traces of spray containing 
ammonium sulfate. OMe Se 


KEEPING UP WITH CHEMISTRY 


A geographic study of cosmic rays. A. H. Compton. Sci. 
Mo., 36, 75-87 (Jan., 1933).—In an address before the National 
Academy of Sciences, at Ann Arbor on Nov. 14, 1932, Compton 
reviews the data bearing on the nature of the cosmic rays. “It 
would appear that the data which have been obtained in the 
geographical study of cosmic rays may be satisfactorily explained 
if we suppose that the cosmic rays consist of electrons originat- 
ing at least some hundreds of miles above the surface of the 
earth. Whether the point of origin is in the earth’s upper 
atmosphere or in remote space has not yet been determined. 
It seems necessary, however, to suppose that at least the major 
part of the rays consists of electrically charged particles rather 
than photons and neutrons.’ G. W. §. 

Cosmic rays are photons, Dr. Millikan declares. R. M. 
LANGER. Sct. News Letter, 22, 384-5 (Dec. 17, 1932).—‘‘Cosmic 
rays are primarily light rays, or photons, which may be mixed 
to some extent with secondary charged particles, even when 
they enter the atmosphere. The rays originate out in inter- 
stellar space.” Thus is stated the present conception of cos- 
mic rays held by Dr. R. A. Millikan in a recent discussion at 
the Mt. Wilson Observatory. They are considered charged 
particles moving at tremendous speeds and under pressures 
which are from 40 to 1000 million volts. Observed facts regard- 
ing these rays are said to be in very satisfactory agreement. 
“There are differences of opinion [however] with regard to the 
interpretations to be applied to these facts.” B. H. 

Anesthetics for oysters. Ind. Bull. of Arthur D. Little, Inc., 72, 
2 (Dec., 1932).—Experimenters of the Bureau of F isheries have 
found it possible to anesthetize the oyster without damaging it 
or its flavor. The object is to make the shell gape wide open, 
making the removal of the oyster a simple matter. Hitherto 
the skill required for the proper “‘shucking”’ of oysters has created 
a serious labor problem. Steaming injures the commercial 
value of the product. The latest method is to immerse the 
oysters in very dilute acid, which can be a “‘food”’ acid such as 
citric, tartaric, or lactic acid. This does no harm to the oysters, 
and the trace of acidity makes them keep better. G. O. 

Fiddling on aluminum. Sci. Am., 148, 25 (Jan., 1933).— 
Aluminum, because of its lightness, strength, and smoothness 
of texture, was suggested a number of years ago as a material 
for the construction of stringed instruments. Violins are now 
made of aluminum and they are worthy of the musician’s con- 
sideration. . (os 

Gallium now commercially available. ANon. Chem. Met. 
Eng., 39, 675 (Dec., 1932).—Known since 1875, gallium has only 
been isolated in commercial quantities within the last two years. 
It is now available at $3.60 per gram as compared with over 
$200.00 a few years ago. Its uses fall principally into the fields 
of thermometry, dentistry, atomic and astro-physics, radio and 
electrotechnology. Its non-poisonous character gives it prefer- 


ence over mercury for tooth fillings. Its high melting point 
makes possible its use in thermometers for temperatures of 
500°C. to 1000°C. Filaments of gallium or its alloys emit elec- 
trons at lower temperatures than ordinary filaments and require 
much less current for heating. It is used for optical mirrors 
as light absorption losses are thereby reduced. It is expected 
that gallium will find application for fire alarms, signals, and simi- 
lar applications. W. 


J- 
Mist plating. Ind. Bull. of Arthur D. Little, Inc., 72, 1 (Dec., 
1932).—The general principles of electroplating in which elec- 
trodes and metallic salt solutions are used are most familiar, but 


few realize the possibilities without these aids. The essentials 
of ‘‘dry plating’ are not new, but their general industrial ap- 
plications are only now being recognized. The technic is rela- 
tively simple. A small piece of the metal with which it is de- 
sired to coat an object is placed within a small tungsten wire 
coil which is connected with a source of current that can be used 
to heat and so vaporize the metal in the coil. The object and 
the coil are placed in a suitable air-tight container evacuated 
by a vacuum pump. When the air is practically exhausted, the 
tungsten coil is heated by the electric current to a temperature 
sufficiently high to cause the plating material to volatilize. 
The metal vapors fill the chamber and condense on the exposed 
surfaces, covering the object and interior of the apparatus with a 
uniform metallic plate, the thickness depending upon the quan- 
tity of metal volatilized. The total amount of heat required is 
usually so small that even combustible materials, such as cloth, 
wood, paper, etc., may be metal coated. It is possible to plate 
objects with nearly all the metallic elements, some alloys, and 
even quartz. In fact it is possible to secure deposits of metals 
unattainable by electrolysis. Its application seems to have been 
limited almost entirely to coating the interior walls of thermos 
bottles; but it could be applied to glass, leather, cellulose deriva- 
tives, in fact, to coat any material that can stand a high vacuum 
and to such substances as cannot withstand the chemical reac- 
tion of the plating bath. The disadvantages of the process 
from an industrial point of view seem to lie in the fact that an 
almost perfect vacuum is required and that the process is likely 
to be more expensive than electroplating from aqueous solutions. 
Some of its advantages are that metals can be deposited on non- 
metallic substances usually injured by plating baths; it produces 
plates of extreme thinness, and furthermore, unlike electroplat- 
ing, the base metal does not influence the character of the metal 
deposited. It is possible to ‘“‘plate’’ gold directly on an alumi- 
num or zinc base. G.-O; 
Insulin and its substitutes. C. E. Brown. Rep. New Eng. 
Assoc. Chem. Teachers, 34, 28-37 (Dec., 1932).—Insulin is a 
protein-like material, stable in acid but unstable in alkaline 
solutions, can easily be adsorbed on such adsorption agents as 
charcoal and kaolin, is only moderately thermostable, is very 
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easily destroyed by proteolytic enzymes, its solubility in water 
depends upon the hydrogen-ion concentration. It can be ultra- 
filtered through collodion membranes without loss of physiologi- 
cal activity, etc. 

It would be advantageous to have an insulin substitute be- 
cause clinical insulin sometimes contains impurities of protein 
nature and produces severe protein reactions in patients hyper- 
sensitive to protein shock. Other advantages are given. Guani- 
dines rather than synthelin are suggested as possible substitutes. 

O 


.&. 
Romance of cellulose. C. A. BRauTLEcHT. Rep. New Eng. 
Assoc. Chem. Teachers, 34, 40-6 (Dec., 1932).—The use of cellu- 
lose in paper-making from the early days in China to modern 
times is discussed. The development of the rayon, celluloid, and 
cellophane industries is outlined. Cellulose and its products 
occupy an important and growing place in modern civilization 
and it can safely be said that cellulose consumption per world 

inhabitant will increase. ©. .C. 
Effect of an iodide fertilizer on iodine content of a food plant. 
A. B. BEAUMONT AND G. M. Karns. Science, 76, 567 (Dec. 16, 
1932).—A recent experiment on turnips shows that the addition 
of small amounts of potassium iodide to the soil greatly increases 
the iodine content of the plants. Control plots of turnips which 
received chemically equivalent amounts of potassium chloride 

were grown. BE. Gui. 
Making strong phosphoric acid at Trail, W. C. WEBER. 
Chem. & Met. Eng., 39, 659-62 (Dec., 1932).—Phosphate rock 
from Garrison, Montana, is ground in ’ phosphoric acid solution 
in tube mills of special construction and the resulting slurry is 
agitated continuously in a series of agitators with the weak wash 
solution and the quantity of sulfuric acid required for complete 
digestion of the rock. Rock and acid are added in exact propor- 
tions required by accurate interlocked mechanical feeders. The 
slurry is cooled during the agitation. The acid and gypsum are 
separated on the first two batteries of rotary vacuum filters, 
from the strong or first filtrate which is the final product—a 
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strong clear phosphoric acid containing from 30-32% POs. 
The gypsum is washed first with acid and then with water and 
sent to waste. 

This process differs from others in use in that the organic 
content of the phosphate rock is not removed by calcining be- 
fore acid digestion, and the end-product is about 10% higher 
in POs. j. We i. 

Marketing and industrial uses of charcoal. R.S. McBripe. 
Chem. & Met. Eng., 39, 664-7 (Dec., 1932.)—Charcoal uses listed 
are: charcoal-iron blast-furnace fuel, household fuel, briquets, 
metallurgical uses, non-ferrous metallurgy, electric furnace fuel, 
carbon bisulfide, carbon tetrachloride and sodium cyanide manu- 
facture, black powder, carbon electrodes and brushes, stock and 
poultry feeds, activation, decolorization, deodorizing, acetylene 
cylinder filling, gasolene and solvent absorbent, pigment and 
insulating material. _Twenty- two million bushels were pro- 
duced in 1931, and it is estimated that 14.5 million —— were 
produced in 1932. }. Wek. 

Industrial waste disposal. C. R. Hoover. Rep. New Eng. 
Assoc. Chem. Teachers, 34, 46-53 (Dec., 1932).—No two factories 
discharge an identical waste and the recommendations for each 
treatment process can be made only after a research investiga- 
tion of the composition and character of liquid wastes as well 
as the nature of the process by which they are discharged. For 
routine tests in the laboratory, the amount of oxidizable organic 
matter can be determined rapidly and with reasonable accuracy 
by means of the oxygen consumption test. The acidity and alka- 


linity of industrial wastes are determined and stated in terms of 
H 


The disposal of the sludge remaining in the bottom of the 
treatment tank, or discharged continuously from mechanical 
clarifiers, constitutes one of the major problems of treatment 
processes. The total cost of the treatment of liquid industrial 
wastes varies from five cents to twenty cents per 1000 gallons. 
In only a small number of industries can by-products of value be 
recovered in waste-treatment processes. O.:€. 


PROFESSIONAL 


A self-study of college teaching. W.B. Munro. Bull. Am. 
Assoc. Univ. Profs., 18, 549-52 (Dec., 1932).—This is a subjective 
way of going at the problem and disregards the customary 
“technics of an objective nature,” which have been developed 
by expert educationalists. Any improvement in the quality 
of college teaching must be obtained by methods which have 
the consent and coéperation of the teachers themselves. There 
are no grounds for believing that college teaching is on the whole 
inferior to high-school teaching. Graduate schools are not 
likely to give special training for prospective teachers until it 
can be shown that teacher-training courses do in fact conduce 
to more effective teaching on the part of those who have pursued 
them. It is notorious that the instruction given by teachers in 
departments of education is nowhere regarded by the student 
body, nor has it been demonstrated by valid objective tests to 
be of better quality than that given in the general run of academic 
courses by teachers who have had no training in educational 
psychology, educational technic, methods of teaching, ws so 
forth. H 


The improvement of teaching. C. H. Jupp. Bull. Am. 
Assoc. Univ. Profs., 18, 552-8 (Dec., 1932).—Until 1915, stand- 
ards adopted in earlier years describing supposed characteristics 
for efficient colleges have been rigorously enforced. One of the 
first breaks was the general disregard for limiting college classes 
to thirty students. The rapid expansion of material equipment 
and of college faculties is at an end. A canvass of ten liberal 
arts colleges and ten universities revealed that the average 
numbers of courses offered at various periods are as follows: 
1900, 217; 1910, 338; 1920, 445; 1930, 605. Consolidation of 
courses is sure to come. This is desirable from every point of 
view. Colleges should clear up domestic troubles before calling 
attention to the deficiencies of other institutions. A committee 
of mathematicians have asked a number of their colleagues to 
send them examinations—questions and answers—from their 
regular courses. An idea is got in this way as to the kind of in- 
structional content the teacher regards as important, and an 
analysis of the answers shows what the students learned from 
the course. The American Association of University Professors’ 
committee will be glad to learn of any devices invented by insti- 
tutions trying to understand themselves and whith are as in- 
telligent as those being used by the mathematicians. The com- 
mittee is interested in any plans of promotion of faculty mem- 
bers which will stimulate young teachers to believe that good 


teaching is regarded favorably in institutions of higher learning. 
There is unemployment in the ranks. The future promises to 
see vigorous competition for the attractive places in college 
faculties. > He G, 
The improvement of college teaching. H.L. Dopcr. Bull. 
Am. Assoc. Univ. Profs., 18, 558-66 (Dec., 1932).—A presenta- 
tion of the writer’s convictions after discussion of the problem 
of college teaching with several hundred of the most interested 
members of the profession. There is confusion regarding the 
whole problem of instruction. Teaching is relegated to a subordi- 
nate position in favor of research. Research is a legitimate 
interest and is readily measured and properly rewarded. There 
are many institutions where it is given first place to the neglect 
of teaching when it interferes with research. Energies of de- 
partments are thrown into research and publication. This 
means that but little vitality is put into the elementary teaching. 
Institutions are taking stock of themselves and questioning their 
work; departments are beginning to realize that good teaching 
is an essential part of a successful program. Several concrete 
examples are given. H. G. 
The college of education and the university. P. C. Packer. 
Bull. Am. Assoc. Univ. Profs., 18, 566-9 (Dec., 1932).—The 
cornerstone of the Iowa plan for teacher training was laid in 
1912 with the establishment of a general policy which sought to 
enlist, in a codperative teacher-training program, the educa- 
tional forces of the entire campus. Then there was no little 
irritation between the academic and professional faculties on 
this campus with both groups out to defend their respective 
preserves. These irritating issues are of little moment now. 
The Iowa plan is presented in detail. 7G. 
The teacher as a colleague. E. H. Witkins. Bull. Am. 
Assoc. Univ. Profs., 18, 570-5 (Dec., 1932).—This article treats 
of a thoroughly coéperative plan for handling the various and 
innumerable problems of the university and college. Plans of 
different types of group meetings at Oberlin and at Harvard are 
explained. A suggestion is made that the American Associa- 
tion of University Professors might appropriately maintain an 
office where a copy of every significant piece of local college 
work with reference to a problem of general interest might be 
carefully filed; that lists of such documents might be made 
periodically available to all interested colleges; and that copies 
of any desired document might be secured by any — on 
payment of the cost involved. J}. bo Ge 





RECENT BOOKS 


ORGANIC CHEMISTRY FOR MEDICAL STUDENTS. George Barger, 
M.A., D.Sc., F.R.S., Hon. D.Sc. (Liverpool), Hon. M.D. 
(Heidelberg), Hon. Mem. Nederl. Chem. Vereen.; Corr. 
Mem. Bayer. Akad. Wiss. Munich, Soc. de Biol., Paris, Gesell. 
d. Aerzte, Vienna; Professor of Chemistry in Relation to 
Medicine in the University of Edinburgh. Gurney and Jackson, 
London: 33 Paternoster Row, E. C. 4; Edinburgh: Tweed- 
dale Court, 1932. xi + 249 pp. 15 Figs. 22 X 14.5 cm. 
12s. 6d., net. 


“This textbook was originally intended to be a revised edition 
of ‘Organic Chemistry for Students of Medicine’ by Sir James 
Walker . . . . actually it has been written .de|novo.’’ It is an 
attempt ‘‘to meet the special requirements of the medical stu- 
dent” since “the ever-increasing burden of the curriculum makes 
it desirable that the student should be taught what is really 
useful for his further studies; much that is included in the pre- 
liminary training of organic chemists is quite unnecessary.” 

It appears to the reviewer that the selection of material is 
excellent. No one who has heard Professor Barger lecture could 
doubt that the material in a textbook written by him would be 
clearly and interestingly presented. The student is introduced 
to organic chemistry by a chapter on alcoholic fermentation and 
takes his leave of the subject, as far as this book is concerned, 
by way of a discussion of ergosterol, carotene, and vitamins D 
and A. In between there is enough organic chemistry to keep a 
student busy in a class carrying four semester credits and meeting 
two or three times for thirty-six weeks. Particularly interesting 
paragraphs are given on inhalation anesthetics (p. 46) and 
explosives (p. 72). The vividness of the presentation is illus- 


trated by the following paragraph (p. 96). 


The principle of this ‘‘resolution”’ of a racemic substance may be illustrated 
by an analogy. A left hand, grasping a tennis racket, constitutes a complex 
which is still the mirror image of right hand + racket. More asymmetrical, 
a left hand holding an (asymmetric) golf club is not the mirror image of a 
right hand + the same club. The hands represent the two constituents of 
racemic acid, the golf club the optically active base. ~ 


There are certain statements which in the opinion of the re- 
viewer are incorrect. For example, on p. 33 it is stated that 
formaldehyde is produced commercially by oxidation or de- 
hydrogenation of methanol over “‘feebly glowing charcoal.”’ 
On p. 40 it is stated that petrol (gasoline) consists largely of 
hexane and heptane. On the following page the “liquefaction of 
coal” (Berginization) is said to amount to a synthesis of hydro- 
carbons from the elements. This implies that bituminous coal 
is essentially carbon, when of course it is a mixture of hydro- 
carbons. Prohibition has been held responsible for many things, 
but it is hardly possible to justify the following on p. 56. 


Owing to the introduction of prohibition into the United States, amyl 
alcohol from fusel oil is no longer available there, and hence butyl alcohol is 
used instead for the manufacture of varnishes, nitrocellulose lacquers, etc. 


As a matter of fact, butyl acetate possesses unique solvent proper- 
ties not shared by amyl acetate. Amyl acetate (synthetic) is 
available in the United States in excess of the demand. 

More unfortunate are certain statements and implications in 
the chapter on stereoisomerism, for example: ‘‘The difference 
between d- and /-lactic acid . . . only shows itself in their physical 
properties. .. .”’ It seems to the reviewer of the highest importance 
that the difference in chemical behavior (toward optical isomers) 
between one enantiomorph and the other should be emphasized 
rather than denied. Indeed the author has pointed out this 
difference between d- and /-adrenalines (p. 200). The term 
“‘stereoisomerism”’ is used throughout the book where reference 
is made to the subdivision of that subject ordinarily referred to as 
optical isomerism. The other subdivision of stereoisomerism, 
geometrical isomerism, is not mentioned by name although 
this type of isomerism is discussed. 

The errors referred to are relatively unimportant and in the 
opinion of the reviewer should deter no one from using Professor 
Barger’s eminently worth-while textbook. 


HoMER ADKINS 


THE UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 


W. A. Noyes, University of Illinois, and 
W. A. Noyes, Jr., Brown University. Charles C. Thomas, 
Springfield, Ill., and Baltimore, Md., 1932. x + 207 pp. 
17 Figs. 14.5 X 22.5cm. $3.00 postpaid. 


At the present time, when, in every branch of science, new 
developments are proceeding at an accelerated pace, the average 
intelligent reader, and even the specialist in any one field, finds it 
more and more difficult to keep informed regarding these new 
advances. The purpose of the book: under consideration is to 
present to the reader a survey of the progress which has been 
achieved, mainly in the past three decades, in our views on the 
constitution of matter and on the nature of the interaction be- 
a matter and radiation (using the latter term in its broadest 
sense). 

The work makes no claim that it is either erudite or compre- 
hensive. It is written in a simple, readable style, and presents 
the salient facts in an interesting manner, without having any 
recourse whatever to mathematical terminology. 

In the first chapter, the various branches of science are sur- 
veyed very briefly, with the object of discovering their ‘‘“common 
characteristics.’”” These are summarized excellently in the closing 
section. The remarks on the réle of hypotheses in science are 
specially noteworthy. 

Chapter two, entitled ‘“‘Atomic Structure,” deals in the first 
part with the work of J. J. Thomson, Rutherford, and Planck and 
the utilization of the conclusions deduced by these investigators 
in the Bohr theory of the origin of spectral lines. The second 
part of the chapter deals with the essential features of the new 
quantum mechanics with which are associated the names of de 
Broglie, Schrédinger, and Heisenberg. 

The third chapter presents the phenomena of atomic disin- 
tegration and synthesis by means of alpha particles and discusses 
briefly the application of the new mechanics to an interpretation 
of radioactive disintegration. The closing section mentions 
the most recent work on cosmic rays and the neutron. 

Whereas the first half of the book deals with problems which 
are, in general, regarded as belonging to physics, the second half 
presents some of the recent developments in chemistry. In 
chapter four, the discussion of the octet theory of valence of G. N. 
Lewis and I. Langmuir is followed by a discussion of valence in 
organic compounds, a problem toward the solution of which the 
senior author has made notable contributions. The next chapter 
deals with chemical reactions produced by light waves, alpha, 
beta, and gamma radiations, and sound waves. 

“‘New Elements and New Uses for Old Ones” is the title of 
chapter six, in which are mentioned the investigations on haf- 
nium, masurium, rhenium, illinium, and ekacesium, as well as 
recent work on new alloys, such as permalloy and perminvar and 
carboloy. 

The last chapter, on ‘‘The Elixir of Life,’’ deals with contribu- 
tions of chemistry toward advances in medical fields, such as the 
work of Pasteur on immunity, the synthesis of new anesthetics, 
and the work on the nature of hormones and vitamins. 

At the end of each chapter is appended a number of references, 
which the reader who is interested in following up the subject 
farther, will find very useful. 

The binding and printing of the volume are to be commended. 
The reviewer believes that the book should be welcomed by all 
teachers in high schools and junior colleges who wish to keep 
abreast of contemporary advances in physics and chemistry and 
are anxious to stimulate their students with the ideals and 
achievements of science. 


MOopERN ALCHEMY. 


SauL DuSHMAN 
RESEARCH LABORATORY 
GENERAL ELeEctrIc Co. 
ScHenectapy, N. Y. 


PAMPHLETS AND DESCRIPTIVE MATERIAL ON SULFUR.—The 
Texas Gulf Sulphur Company, 75 East Forty-Fifth Street, New 
York City, has available for distribution the following material: 


Agricultural aspects of sulphur and sulphur compounds. 
Sulphur in world trade. 

Modern sulphur mining. 

Some agronomic considerations in fertilizer manufacture. 
Chart—Frasch process of mining sulphur. 

Sulphur, an industrial necessity. 

Gulf coast sulphur deposits. 

Chart showing uses of sulphur. 


192 











The plaque here reproduced is one of a large number 
depicting industrial processes issued by the French Mint. 
It bears the signature, K. Lamourdedieu. From the 
collection of Lyman C. Newell. 
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we are told, is a language. And yet it is much 

more than that. Or perhaps it would be more 
correct to say that much more is implied in that 
statement than most people understand. 

We can write the combined laws of Boyle and Charles 
in the form of a brief and very simple equation. This 
fact is sometimes cited as exemplifying the economy, 
precision, and elegance of mathematics as a language— 
i. e., as a medium of statement. Yet languages in 
general, and mathematics preéminently, are potentially 
much more than media of statement. They may also 
be media of reasoning. 

It need hardly be reiterated here that all our reason- 
ing is inextricably bound up with language. No mat- 
ter how abstract the subject we contemplate it is never 
divorced from language or symbolism of some sort. It 
is the aspect of language as a medium of logic that im- 
parts vital significance to the statement that mathe- 
matics is a language. 

It is often said by way of warning that we cannot get 
more out of a mathematical equation than we put into 
it. This, of course, is a truism if interpreted in the 
sense that false premises lead to false conclusions 
by any logical process. Yet it is only a half-truth 
when we consider that various lines of reasoning 
which are obviously suggested and which may be 
followed with ease and confidence when we elect to 
do our thinking in the language of mathematics would 
be closed to us or at least filled with extremely formi- 
dable obstacles if we attempted to reason in any other 
medium. While automobile manufacturers neither 
destroy nor create matter it is true in a very practical 
sense that more comes out of their factories than goes 
into them. Something of this general significance was 
no doubt in the mind of Hertz when he said, ‘‘One can- 
not escape the feeling that these mathematical formule 
have an independent existence and an intelligence of 
their own, that they are wiser than we are, wiser even 
than their discoverers, that we get more out of them 
than was originally put into them.” 

In view of these considerations it becomes a matter 
of importance that the chemist seek to add mathematics 
to his linguistic equipment. If he aspires to do creative 
work in some branches of modern chemistry it is essen- 
tial that he go beyond a reading knowledge of the 
language and acquire a conversational command of it. 

It is the opinion of the Division’s Committee on 
Mathematics for Chemists, expressed in its Denver 
report, that the JOURNAL OF CHEMICAL EDUCATION may 
offer students and teachers of chemistry welcome aid 
in strengthening their mathematical equipment by 
presenting each month a mathematical problem depart- 
ment. The committee, through its chairman, Dr. Far- 
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rington Daniels, has agreed to submit three selections of 
problems and solutions with a view to determining 
whether or not the utility of the department to our 
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readers justifies the expenditure of labor and space in- 
volved in its preparation and presentation. The first 
problem page is 249 of this issue. The permanence of 
this feature is conditional upon the interest expressed. 





OLL YOUR OWN. We have recently been 
re-reading portions of Dr. Tobias Dantzig’s ab- 
sorbingly interesting ‘“‘Number, the Language of 

Science” (The Macmillan Co., New York, 1930). In 
this excellent non-technical presentation of the funda- 
mental issues of the science of number the author seeks 
to restore to mathematics the cultural content which 
he accuses the school curricula of having stripped away 
to leave a bare skeleton of technicalities. Dr. Dantzig 
uses the historical method freely and some of his anec- 
dotes are not only illuminating but vastly entertaining. 
One, in particular, we should like to share with those 
of our readers to whom it is not an old story. 

Most of us remember the Pythagoreans in connection 
with the “golden”’ triangle of which the sides are in the 
ratio 3:4:5, or perhaps, more generally, in association 
with the theorem that in any right triangle the sum 
of the squares built on the legs is equal to the square 
built on the hypothenuse. However, our textbooks do 
not usually tell us that it was the conviction of the 
Pythagoreans that all triangles are rational. With 
them this was more than a mathematical theory—it was 
an article of faith. The whole of their natural philoso- 
phy was built upon the dictum: ‘Number rules the 
universe.” And by ‘number’ they meant integral 
number. One can imagine their consternation when it 
was demonstrated that the diagonal of a square is in- 
commensurable with its side. 

The Pythagoreans, however, did not draw the obvious 
inference that there was something amiss with their 
dictum. On the contrary they accepted the existence of 
incommensurables reluctantly as evidence that the 
Creator had erred, and members of the order took oath 
not to reveal His shortcomings to outsiders. 

Here, it seems to us, are all the makings for an excel- 
lent editorial on something or other. We offer them 
to our readers knocked-down, to be assembled and 
finished to individual taste. 





The subject of our cover cut needs 
no introduction to any of our read- 
ers. We take this means of calling 
to your attention the meeting of the 
American Chemical Society which 
will be held at Washington, D. C., 
during the week of March 27th. 
The preliminary program for the Di- 
vision of Chemical Education will 
be found on page 214. We particu- 
larly recommend attendance at the 
Division luncheon which promises 
to be of unusual interest. 

Photo by Harris and Ewing, Washington, D. C. 
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The SOURCES of OUR IRON ORES.” I 


ERNEST F. BURCHARD?t 


United States Geological Survey, Washington, D. C. 


Iron, the most commonly used metal, although second in 
abundance in the earth’s crust, is widely distributed in 
most of the continents, and North America, particularly 
in the eastern half of the United States, is well supplied 
with this indispensable basis for industry. This paper 
endeavors to indicate the relations between the iron of the 
interior and crust of the earth, the common iron minerals 
and ores, and their geographic and geologic distribution 
in the northeastern and southeastern United States, 
reserving for a later instalment the discussion of deposits 
in the Lake Superior and western States. 

++ oe oer + 
A broad indeed, that astronomical researches 
would be necessary to trace the iron of the earth 
back to its ultimate source. It is generally believed, 
however, that iron exists in the stars, in the sun, in the 
planets, and it has been found in the meteorites that 
accidentally reach the surface of the earth. 

It is through study of meteorites that much has been 
learned about the probable composition of the earth 
as a whole. A comparison of average compositions of 
meteoric and natural terrestrial irons shows marked 
similarity. Both contain more than 90 per cent. of 
iron with nickel by far the largest minor constituent, 
and quantities, generally less than 1 per cent., of co- 
balt, copper, chromium, phosphorus, sulfur, carbon, 

* Published by permission of the Director, United States Geo- 


logical Survey. 
see United States Geological Survey, Washington, 


BROAD question is suggested in our title, so 


and chlorine. F. W. Clarke,! who has made most per- 
sistent and penetrating studies of the composition of 
the earth, states: 


It is commonly although not universally supposed that the 
earth consists mainly of a nucleus of nickel-iron, surrounded by 
an envelope of igneous rocks. The dominant minerals of these 
rocks could have crystallized only from a state of fusion, as is 
also true of the minerals found in meteorites. The presence of 
glass in the rocks and also in meteoric stones tells the same story. 
The crystalline structure of meteoric iron is also attributable to 
the cooling of a melt under pressure—a fact which is empha- 
sized by presence of minute diamonds in the iron of Canyon 
Diablo. . . . In the cooling of the molten earth the iron separated 
from the stony material just as it separates from the slag in a 
blast furnace This discussion of the relations between 
meteorites and the earth bears directly upon the problem of the 
relative abundance of the chemical elements. It is now possible 
by more than one method to determine with a high degree of 
probability the dimensions and mass of the terrestrial nucleus 
and of its envelope Without going into details, which can 
be found in Professional Paper 132-D,? it is easy to show that in 
the earth as a whole iron is by far the most abundant element, 
with oxygen second, silicon third, and nickel next in order. The 
percentages found by me are iron 67.2, oxygen 12.8, silicon 7, 
and nickel 4. The percentages of the other elements are all 
small, 


With the earth as a whole one can have little experi- 
ence and consequently its conditions have less signifi- 
cance than those of the crust of the earth which can be 
observed. With regard to this phase Clarke’ believes 


1 CLARKE, F. W., ‘‘Data of geochemistry,” U. S. Geol. Survey 
Bull., No. 770, pp. 42-3 (1924). 

2 CLARKE, F. W., “The evolution and disintegration of mat- 
ter,” U. S. Geol. Survey Prof. Paper, No. 132, pp. 51-86 (1924). 

3 CLARKE, F. W., see footnote (1), pp. 35-6. 
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that if certain factors such as porosities of rocks are 
kept in mind it is possible to compute the relative 
abundance of the chemical elements in all known terres- 
trial matter, and gives a table showing the mean com- 
position of the lithosphere, the hydrosphere, and the 
atmosphere, in which iron forms 5.06 per cent. of the 
lithosphere (itself 93 per cent. of the 10-mile crust) with 
an average of 4.71 per cent. for the lithosphere and hy- 
drosphere combined. The figure of 4.71 per cent. iron 
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is the one with which we are most familiar as it has 
been commonly quoted and shown in diagrams. 

Iron is rarely found in its native, or metallic state, 
on account of its chemical affinity for oxygen, especially 
in the presence of water. The known occurrences are 
generally as minute grains in eruptive rocks, such as 
basalt, although at Ofivak, Greenland, masses weighing 
as much as 20 tons have been weathered out from ba- 
salt. In combination with other elements, such as 
aluminum, arsenic, bismuth, boron, calcium, carbon, 
chlorine, chromium, copper, hydrogen, lithium, mag- 
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nesium, manganese, nickel, oxygen, phosphorus, potas- 
sium, silicon, sodium, sulfur, tantalum, tellurium, tin, 
titanium, tungsten, uranium, yttrium, and zinc, iron 
is found in varying quantities in nearly all kinds of rock 
and in hundreds of mineral species. Dana’s ‘‘Mineral- 
ogy” lists about 225 of these species, most of them min- 
erals seldom heard of by any one save the most technical 
mineralogists. Many of these minerals are complex 
silicates, antimonates, tantalates, phosphates, arsen- 
ates, minerals in the formulas of which 
there may be several radicals with iron 
playing a very unimportant part. There 
is, of course, iron in sea water and in nearly 
all surface water and ground water, for 
certain iron salts are easily soluble. With 
so widespread a distribution of iron it is 
not surprising that soils, the product of 
disintegration of rocks, should be more or 
less ferruginous. 

The foregoing comments leave no doubt 
that the world is fundamentally well 
supplied with iron, but make it equally 
clear that only such deposits as are con- 
veniently situated in the outer crust of 
the earth are available for the use of man. 
The modes of transference of iron from 
the nucleus of nickel-iron to the envelope 
of igneous rocks and thence to the outer 
portions of the lithosphere would constitute 
a fascinating subject for research and com- 
pilation but is far too extensive and com- 
plex to be dwelt upon here except in- 
cidentally. Naturally a great deal of iron 
has been brought from the depths of the 
crust of the earth in voicanic rocks, in 
molten magmas and in magmatic waters, 
forming iron carbonates, sulfides, and 
oxides within the igneous rocks and at 
their contacts with sedimentary rocks, 
and these deposits have been reworked 
into the sediments and soils, often in very 
concentrated forms. The concentration of 
iron compounds into valuable deposits is 
likewise the subject of a voluminous litera- 
ture which it would be impossible to even 
outline here, but the classifications of iron 
ore deposits on page 200 may indicate some 
of the processes through which the deposits 
attained their present condition. 


IRON ORES 


A few iron minerals are amenable to the economical 
extraction of metallic iron, but the great majority are 
not. The ones which yield iron readily to present com- 
mercial metallurgical practice are termed iron ores. 
The important ores consist of simple compounds of iron 
with oxygen, carbon, and water; other iron-bearing 
minerals in which sulfur or silicon may be present 
play a very minor part as a commercial source of iron. 
There are four important types of ores of iron—red iron 
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ore or hematite; brown iron ore, a mixture of hydrated 
iron oxides, represented by géthite, turgite, and limo- 
nite; magnetic ore or magnetite; and carbonate ore or 
siderite. These types of ore may easily be remembered 
through their most common colors, which are, respec- 
tively, red, brown, black, and gray. Other iron miner- 
als, pyrite and pyrrhotite, sulfides, are indirectly the 
sources of iron ore. These are first used for the extrac- 
tion of sulfur for the manufacture of sulfuric acid and 
the residue, mainly iron oxide, then becomes available. 
Certain iron silicates, such as thuringite, chamosite, 
and glauconite, have been used as commercial sources 
of iron in Europe but not in the United States. 
Hematite—Heématite is by far the most important 
ore of iron, constituting about 90 per cent. of total iron 
ore mined in the United States. It includes all varie- 
ties of the anhydrous sesquioxide or ferric oxide (Fe20s). 
This is known locally as red hematite, specular ore, 
gray ore, fossil ore, odlitic ore, etc. Hematite is com- 
posed of two parts of the metal iron united with three 
parts of oxygen. Iron forms 70 per cent. by weight of 
pure hematite and oxygen 30 per cent., and the mineral 
should yield 1568 pounds of metallic iron per gross ton 
of theoretically pure ore. Hematite may occur as a 
rock in beds, in veins, or in masses of irregular shape, 
and it may occur in a soft, earthy state or as loose debris 
in the soil, and yet in all these forms be profitably mined 
if the controlling conditions are favorable. Hematite 


is easily recognized in the hand specimen by its colors 
(red to steel-gray and black), its red streak, and by its 
high specific gravity. The old-fashioned ‘‘keel” or 
red chalkstone formerly used by carpenters for marking 


lumber is an impure hematite. Finely ground hema- 
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tite is used in the manufacture of red paint and other 
red coloring materials. 

Brown Ore.—Brown ore is composed of iron, oxygen, 
and water and might be said to be hematite combined 
with water. A general formula may be expressed by 
2Fe.03-nH2O, in a series of minerals which differ from 
each other in the proportion of water chemically com- 
bined with iron oxide. Brown ore may contain water 
in several proportions so that the percentage of iron 
likewise varies, but the latter ranges generally from 
52 to 66 per cent. in the pure mineral, as indicated in 
Table I. Thus brown ore cannot yield so much metal 
as hematite. One of the common hydrates is géthite 
which occurs as a crystalline mineral and may be the 
only definite compound of the series.‘ Its formula 
may be expressed as 2Fe,03-2H:O, and it contains 62.9 
per cent. of iron, 27 per cent. oxygen, and 10.1 per cent. 
water. Brown ore deposits often approximate the 
composition of limonite (2Fe:03-3H2O), which contains 
59.9 per cent. of iron, 25.7 per cént. of oxygen, and 14.4 
per cent. of water, and should yield 1342 pounds of iron 
per gross ton of theoretically pure ore. Brown ore 
occurs in a large variety of forms, nearly all of which 
have in common a characteristically yellowish brown 
to chocolate-brown color and yield a brown streak and 
powder. Exceptionally, certain hydrated sesquioxides 
of iron may appear bright red, and some may show black 
surfaces; but these exceptional forms are generally to 
be found closely associated with a mass of ordinary 
brown ore, and familiarity with the deposits soon dis- 
pels any perplexity regarding the nature of the ore. 
Brown ore commonly occurs in irregular masses and 
lumps, and as ore gravel and sand, embedded in banks 
of clay, sand, and stone gravel. In places the ore takes 


4 PosnjaK, E. AND MERWIN, H. E., Am. J. Sci. [4], 47, 311 
(1919). 
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the form of hollow concretions or ‘‘pots’’ which inclose 
sand or clay, and also it appears as honeycombed 
masses ramifying through the inclosing ground. In 
some deposits brown ore has replaced beds of limestone 
or has formed by oxidation of iron sulfides. 

Brown ore is used chiefly as a source of iron, and con- 
stitutes about 5 per cent. of the total iron output of 
the United States. The soft yellow, less pure form of 
brown ore, called ocher, is used for paint and for making 
oilcloth and linoleum. A porous variety is used in the 
purification of illuminating gas, and also as a contact 
material in the production of hydrogen gas for inflation 
of dirigible balloons and for precipitation of fats from 
oils. Many iron compounds are used in medicines. 

Magnetite—Magnetite (Fe;O,) is a black ore of iron 
which is attracted by the magnet. It contains iron 
and oxygen in the proportion of 3 parts of iron to 4 
parts of oxygen, which by weight gives 72.4 per cent. 
of iron and 27.6 per cent. of oxygen, and should yield 
1622 pounds of iron per gross ton of theoretically pure 
ore. Magnetite contains the highest percentage of iron 
of all the iron ores. It usually occurs in masses or in 
granules and crystals in veins in comparatively old 
crystalline rocks, although it may be found in compara- 
tively young volcanic rock. Magnetite is also found 
in the form of sand along streams and on the shores of 
lakes or seas where it has been concentrated by the ac- 
tion of water, but in this form it has not proved of 
much commercial value as an ore of iron. Magnetite 
is used chiefly for the production of iron, but the un- 
common variety known as lodestone,* which is natu- 
rally magnetic, is more valuable for museum exhibits 
and for laboratory purposes. 

Magnetite in places contains titanium in such per- 
centages as to render the ore of no metallurgical value. 
Such ore containing one or more per cent. of titanium 
is known as titaniferous magnetite. The deleterious 
effect of the titanium is to render the ore difficult to 
fuse. The titanium is present chiefly as the mineral 
ilmenite either fairly distinctly crystallized or as inter- 
growths, and rutile may also be present in intergrown 
masses. Where distinctly crystallized the iron and 
titanium oxides are easily separated by magnetic means 
but where microscopically intergrown this is impossible. 

Siderite-—Siderite, or iron carbonate (FeCOs), is 
composed of 1 part of iron, 1 part of carbon, and 3 parts 
of oxygen and thus contains by weight, where pure, 
approximately 48.3 per cent. of iron, 10.3 per cent. of 
carbon, and 41.4 per cent. of oxygen, and should yield 
1082 pounds of iron per gross ton of theoretically 
pure ore. Iron carbonate, where fresh, is generally 
grayish in color, and occurs in nodules and in layers 
principally in sedimentary rocks that contain coal and 
lignite. The carbonate is generally unstable and 
rapidly changes to hydrated iron oxide on exposure to 
moist air. Siderite is known locally as spathic iron 
ore, kidney ore, clay ironstone, and blackband ore. 





* Lodestone occurs at Magnet Cove, Arkansas, and has been 
reported from Shasta County, California, and near El Paso, 
Texas. 





JouRNAL OF CHEMICAL EDUCATION 


Certain of these names are derived from the appearance 
of the ore in its different forms. For instance, a bed 
of iron carbonate ore that is found on the top of a coal 
bed in eastern Kentucky is striped with fine black car- 
bonaceous bands. 

Iron Sulfides—Pyrite, or iron disulfide, FeS:, con- 
tains 46.7 per cent. of iron and 53.3 per cent. of sulfur, 
while the monosulfide, pyrrhotite, FeS, contains 60.5 
per cent. of iron and 39.5 per cent. of sulfur. These 
ores are not used directly as a source of iron but, after 
being roasted for the recovery of their sulfur content, 
the residue, impure oxide of iron, is available for the 
extraction of iron. 

Iron Silicates—Only three of the many hydrous iron 
silicate minerals have been regarded as possible sources 
of iron, thuringite, chamosite, and glauconite. These 
minerals all contain aluminum and the latter contains 
potassium. According to Dana, the apparent iron 
content of thuringite is 36 per cent.; of chamosite it is 
from 31 to 47 per cent.; and of glauconite it is between 
16 and 20 per cent. The first two minerals have been 
used for the extraction of iron in Germany and Austro- 
Hungary and pig iron has been made experimentally in 
the United States by E. C. Eckel from glauconite as a 
by-product after recovery of potash. 


COMPOSITIONS OF IRON ORES 


In the following table by Eckel® the theoretical 
formulas and compositions of the principal iron ore 
minerals have been summarized. The table also shows 
the series of hydrated oxides of iron with their increas- 
ing proportions of water of crystallization. 


TABLE I 


NAME CHEMICAL COMPOSITION 
FORMULA Carbon 
Metallic Sulfur Dioxide Oxygen Water 
Iron (Fe) (S) (COz) (O) (B20) 


Magnetite FesOu 72.4 “ee ae 27.6 os 
Hematite Fe:O3 70.0 me ae 30.0 oe 
Turgite 2Fe203-H20 66.2 we ue 28.5 5.3 
Géthite Fe:03-H2O0 62.9 nn re 27.0 10.1 
Limonite 2Fe203-3H:0 59.8 oe a 25.7 14.5 
Xanthosiderite Fe,O3;-2H:O 57.1 oe on 24.5 18.4 
Limnite Fe:O3-3H:O 52.3 ae Pe 22.4 25.3 
Siderite FeCOs 48.2 ms 37.9 13.9 a 
Pyrrhotite FeS 60.5 39.5 Ss <7 

Pyrite FeS2 46.7 53.3 


Impurities in Iron Ore.—Consideration should be 
given to some of the principal impurities that ac- 
company iron ores in order to appreciate, first, why a 
deposit of ore never yields the full percentage of iron 
that the predominant iron mineral contains, and, 
second, the relation of the ore to the operation of the 
blast furnace. Deposits of iron ore are generally so 
closely associated with the rocks which inclose them 
that they contain either mixed with the deposit or 
chemically combined within it some of the other rock- 
forming minerals. Among the most common of these 
minerals are silica (or sand), lime, magnesia, alumina, 
and other clay minerals, manganese oxides, and small 
quantities of sulfur and phosphorus. The presence 
of varying proportions of these and other minerals 


5 Ecke., E. C., “Iron ores,’? McGraw-Hill Book Co., New 
York City, 1914, p. 27. 
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tends, of course, to reduce the percentage of metallic 
iron that the deposit will yield, and they must be re- 
moved as far as practicable in mining and as completely 
as possible in the process of making iron. Therefore, 
it is of the utmost importance that the average chemical 
composition of a deposit of iron ore be ascertained be- 
fore an attempt is made to mine it. 

The average composition may be termed the ‘‘qual- 
ity” of the deposit. The quality is determined chiefly 
by the prospector and the chemist. The prospector 
digs trenches and pits or drills holes in the ore and takes 
samples of it. The chemist analyzes these samples and 
finds the percentages of metallic iron, silica, lime, alu- 
mina, manganese, sulfur, phosphorus, water, etc., con- 
tained in average samples of the ore. On the quality 
of the ore depend the quantities of fluxing stone and fuel 
that must be used in the blast furnace and the kind 
of iron that can be produced. 
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hematites contain considerable quantities of lime and 
are therefore workable where a highly siliceous ore 
carrying no more metallic iron and little lime would not 
be available under present conditions of metallurgic 
practice. At present ores averaging less than 25 per 
cent. of metallic iron are not charged into domestic 
blast furnaces in any considerable quantities, and ores 
as lean as this cannot be used economically in the 
United States unless they carry more than enough lime 
to flux them and are used in connection with richer 
ore. In using limestone as a flux a stone carrying 15 
to 20 per cent. of ferric oxide (10.5 to 14 per cent. 
metallic iron) might be more desirable than one con- 
taining only 3 to 5 per cent. ferric oxide, on account of 
the higher iron yield of the former. Nevertheless, the 
more ferruginous limestone would not commercially be 
classed as an ore; yet a bed carrying 35.5 per cent. 
ferric oxide (25 per cent. metallic iron) and 16 per 
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Range in Composition.—Many chemical analyses of 
commercial grades of these iron ores indicate a range in 
composition given in the following table: 


TABLE 2 
RANGE IN CHEMICAL COMPOSITION OF COMMERCIAL GRADES OF IRON ORE 
Magnetiie Carbonate 
Per cent. Per cent. 
25-49 
2-35 1-25 
0.2-9 a 1-5 
Trace to 27 0-0.6 4 k 0-7 
Trace to 5 0.16-5 0.07-1. 0.1-4.7 
Trace to 1.5 Trace to 0.5 Trace to 1.2 0.01-1.8 
0.013-1.23 0.04-1 Trace to 1.75 0.043-0.7 
0-0.9 Trace 0-1.5 0-0.04 
0.3-6 4.5-15 0.25-0.5 0-6.5 


Brown Ore 
Per cent. 


Hematite 

Per cent. 
Metallic iron 
Silica 
Alumina 
Lime 
Manganese 
Sulfur 
Phosphorus 
Titanium 
Water 


Under exceptional conditions ores are mined that 
contain more or less of the common constituents indi- 
cated above, but local conditions may determine 
whether an ore that falls within the limits shown may 
be mined. For instance, hematite carrying as little 
as 25 per cent. metallic iron would not be considered of 
value as an ore unless it contained enough lime to flux 
the silica and alumina present. Most southern red 





cent. lime, CaO, although in itself not rich in iron, 
might be conceded to be an “‘ore.”” There are other 
exceptions to be noted in this table. Some deposits 
of. non-titaniferous magnetite can be so treated by 
means of crushing and electromagnetic separation 
that, although they may contain as little as 25 per cent. 
metallic iron, they will yield a high-grade concentrate. 
Such ores may be used to advantage, especially where 
they can be concentrated along with richer grades. 
Considerable phosphorus is present in the mineral apa- 
tite associated with Adirondack magnetite, and this 
and silica are largely eliminated by electromagnetic 
concentration. The possibilities of various methods of 
concentration or beneficiation must, therefore, be taken 
into consideration in appraising an ore, and this in- 
volves consideration of the physical as well as the chemi- 
cal character of the ore. The content of water is a 
widely variable item. Some ores contain much ab- 
sorbed water, which can be driven off by drying. 
Hematite is found in all stages of hydration, and thus 
may contain water up to the point where it should 
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really be classed as a brown ore. Hydrated ores are 
concentrated by heating to drive off the chemically 
combined water. Carbonate ores are calcined to drive 
off both carbon dioxide and water. Some iron oxides 
are subjected to a partial reduction and are thus ren- 
dered magnetic, and the separation of non-metallic 
impurities is thereby greatly facilitated. One brown 
ore deposit that averages in the raw state not more than 
30 per cent. of metallic iron is thus, through a compli- 
cated process of beneficiation, rendered of commercial 
value. The question of beneficiation is therefore be- 
coming increasingly important as the higher grades of 
ore are becoming depleted; and there must also be 
taken into consideration the proximity to transporta- 
tion, to blast furnaces, to water-power sites for possible 
electric reduction, as well as the prevailing conditions 
of the market. The laws of supply and demand that 
prevail at certain periods make available lower grades 
of ore than would be considered desirable in times when 
low prices for iron and steel are current. The question 
of quantity available is also of importance, for iron ore 
is so bulky a product, is relatively so low in value even 
at the best, and involves so large an expenditure for 
equipment for mining on a satisfactory scale and for 
transportation that any deposit should contain several 
years’ supply to be worthy of development. 

To summarize, then, the ore should occur in a deposit 
containing several hundred thousand tons of merchant- 
able grade, susceptible of economical mining and con- 
venient to transportation and markets, if its develop- 
ment is to be seriously considered. 


CLASSIFICATIONS OF IRON ORE DEPOSITS 


For purposes of description iron ores may be sub- 
jected to various classifications aside from the simple 
mineralogical divisions indicated above. For instance, 
a genetic classification, one in which the mode of origin 
of the ore is the underlying feature, may be of much 
interest to the mining geologist, but of little or no value 
to persons who have to buy, sell, or use the ore. Be- 
cause certain of the terms applied in a genetic classi- 
fication of iron ore deposits will be used in subsequent 
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notes on distribution of iron ore deposits brief mention 
of such classifications may be justified here. Many 
genetic classifications of ore deposits may be found in 
works on economic geology, most of-them long and in- 
volving too many hair-splitting distinctions to be prac- 
tically applied to iron ore alone so it seems desirable 
to bear in mind the following statement by Eckel:® 

There are many ways in which iron ore deposits can originate 

but only a few of these possible modes of origin have given rise 
to deposits of serious commercial importance. Practically 
all the known iron ore supply of the world is, and will be, derived 
from (a) sedimentary basin deposits, frém (b) replacement de- 
posits, or (c) residual deposits. Of these, the sedimentary ores 
are of by far the greatest importance. 
In addition to the three general classes mentioned under 
(a), (b), and (c) there is a fourth class (d) comprising 
igneous deposits. Each of these classes is susceptible 
of being considerably subdivided. 

Lindgren’ discusses iron ores under detrital, sedi- 
mentary, residual, pyritic replacement of lower vein 
zones, contact-metamorphic, igneous, and metamor- 
phosed classes of deposits. 

The above classifications have no reference to the 
age of the deposits, and since it is often necessary to 
refer to certain iron ore deposits in terms of their geo- 
logic age, it may be well to recall to the reader that 
rocks are differentiated in ascending rank into forma- 
tions, groups, series, and systems. The terms presented 
in Table 3 are at present recognized, the youngest at 
the top of the column: 


TABLE 3 
GeEotocic Eras, SysTEMS, AND SERIES 
Era System (or Period) Series (or Epoch) 
Recent 
Quaternary...... Dinceene 
Cenozoic...... Pliocene 
. Miocene 
coy Ear Oligocene 
Eocene 
Cretaceous....... {Upper and Lower Cretaceous 
Mesozoic...... JUPEGME: occ cesses {Upper, Middle, and ‘Lower Jurassic 
MNES wks ose es {Upper, Middle, and Lower Triassic 
Permian 
Carboniferous.... { Pennsylvanian (‘‘Coal Measures’’) 
Mississippian (‘‘Sub-Carboniferous’’) 
ra et Pee Devonian paises Wik {Upper, Middle, and Lower Devonian 
Silurian 
Ordovician....... {Upper, Middle, and Lower Ordovician 
Cambrian........ {Upper, Middle, and Lower Cambrian 
. Algonkian 
Proterozoic.... { PETE he 


GEOGRAPHIC DISTRIBUTION OF IRON ORE DEPOSITS 


The major features of the distribution of iron ore 
deposits in the United States are now fairly well known, 
as most of the ore-bearing districts that are advantage- 
ously situated with respect to transportation facilities, 
fuel supplies, manufacturing centers, and markets have 
been studied in more or less detail by the United States 
Geological Survey or by state organizations, including 
tax commissions, and a number of publications and 
maps have been issued on the subject.* 





6 EckEL, E. C., loc: cit., p. 40. 

7 LINDGREN, WALDEMAR, “Mineral deposits,” 3rd ed., Mc- 
Graw-Hill Book Co., New York City, 1928. 

* A bibliography of publications on iron ores by the Federal 
and State Surveys will be furnished upon application to the 
United States Geological Survey, Washington, D. C 
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Fifteen to thirty states are producers of iron ore, 
and several others contain deposits of value. The 
states in which commercially important deposits of 
iron ore occur may be grouped into six geographic di- 
visions under which the principal deposits will be noted. 


1. Northeastern States: Massachusetts, Connecticut, 
New York, New Jersey, and Pennsylvania. Mag- 
netite, hematite, and brown ore. 

Southeastern States: Maryland, Virginia, West 
Virginia, Tennessee, North Carolina, Georgia, 
and Alabama. Hematite, brown ore, and magne- 
tite. 

Lake Superior States: Michigan, Wisconsin, and 
Minnesota. Hematite, brown ore, and magnetite. 
Mississippi Valley and Gulf States: Ohio, western 
West Virginia, Kentucky, western Tennessee 
River Valley, Iowa, Missouri, Arkansas, Missis- 
sippi, South Dakota, and Texas. Brown ore, 
hematite, magnetite, and siderite. 

Rocky Mountain States: Idaho, Montana, Wyo- 
ming, Colorado, New Mexico, Utah, and Nevada. 
Hematite, magnetite, and brown ore. 

Pacific States: Washington, Oregon, and Cali- 
fornia. Magnetite, brown ore, and hematite. 


Northeastern States—A map of the distribution of 
iron ore deposits in the United States shows, as the most 
easterly, a small area of magnetite at Iron Hill, Rhode 


1933 


Island. Unfortunately this ore is low in iron and con- 
tains titanium in too large a quantity and too inti- 
mately intergrown with the magnetite to render it 
available for making iron® under present conditions. 

A belt of disconnected iron ore areas extending 
through western Connecticut, Massachusetts, and 
Vermont, and a short distance into eastern New York 
supplied the ore for the earliest blast furnaces in the 
United States. The first successful blast furnace is re- 
ported to have been built at Lynn, Massachusetts, in 
1645, followed in 1648 by an iron forge at the same place. 
This marked the beginning of the manufacture of iron 
in the New England colonies. The first iron article 
made from native ore in America, cast at Lynn, Massa- 
chusetts, in 1645, and still preserved, is an iron pot 
having a capacity of nearly one quart. The first dis- 
covery of iron ore in the Atlantic colonies was, however, 
in North Carolina in 1585, and probably the first at- 
tempt to make iron in the colonies was undertaken on 
Falling Creek, seven miles below Richmond, Virginia, 
in 1619, but in 1622, before the process was perfected, 
the iron master and his operatives were slain and the 
works destroyed in an Indian massacre.° 


8 SINGEWALD, J. T., JR., “The titaniferous iron ores in the 
United States,” U. S. Bureau of Mines Bull. No. 64, p. 46 (1913). 

9 SWANK, JAMES M., “‘History of the manufacture of iron in all 
ages,’ Am. Iron and Steel Assoc., Philadelphia, Pa., 1892, pp. 
104-8. 
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The brown iron ore deposits first utilized in New En- 
gland were formed in bogs and often found below water 
in shallow ponds and lakes near the ocean. When the 
bog deposits were exhausted ores associated with 
hard rocks were used. They were largely formed by 
replacement by iron carbonate of shale or limestone 
beds and later oxidized to brown ore, or else they may 
have been deposited directly as limonite in basins or 
in cavities in limestone.!° These deposits are indicated 
on the map, p. 201. 

New York State has, in addition to the brown ore 
area along the Connecticut border, four distinct areas 
of iron ore: magnetite in the Adirondacks and in the 
southeastern highlands and hematite in the north- 
western and west-central part. The Adirondack mag- 
netite area is the most important, but in a few places 
contains titaniferous ore. Magnetite mines near Lake 
Champlain have yielded ore for many years. The 
magnetite occurs in lenticular masses associated with 
gneisses and schists of pre-Cambrian age. The ore is 
usually mixed with crystalline gangue rock from which 
it must be separated by crushing, sizing, and magnetic 
concentration. The hematite of west-central New 
York occurs as a thin, even bed, odlitic in places, crop- 
ping out in a nearly east-west direction for about 225 
miles and dipping about 50 feet to the mile toward the 
south. This bed is of interest geologically because of 
the widespread distribution in various parts of the 
country of a similar ore of nearly equivalent age. It 
is known as the Clinton ore, of Silurian age, and may be 
traced southwestward through the Appalachian States 
to central Alabama. In New York this red ore is 
mined at present only for making paint. 

The magnetite belt that crosses the highlands of 
southeastern New York and northern New Jersey ex- 
tends into southeastern Pennsylvania. A few magne- 
tite mines are active in New Jersey and the Pennsyl- 
vania production is mainly from deposits near Corn- 





10 EcKEL, E. C., ‘“‘Limonite deposits of eastern New York and 
western New England,” U. S. Geol. Survey Bull. No. 260, pp. 
335-42 (1905). 
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wall. The iron content of this ore is low, 35 to 40 per 
cent., but it can be beneficiated cheaply and yields a 
small percentage of copper besides. The deposits of 
magnetite are associated with intrusions and flows of 
igneous rock, diabase, and basalt, which have in- 
vaded Mesozoic sandstones and Paleozoic limestones. 
A few brown ore areas also are scattered along nearly 
parallel to the magnetite belt in this region. Thin 
beds of Silurian hematite crop out in narrow strips in 
central Pennsylvania. In southwestern Pennsylvania 
siderite beds, altering to limonite on the outcrop, are 
present in large areas of Coal Measures rocks. In the 
early days of the iron industry in Pennsylvania local 
ores of all four varieties formed a large part of the blast 
furnace supply. With the opening of the Lake Su- 
perior iron ore fields, the iron and steel industry in 
western Pennsylvania expanded so rapidly that the 
smaller deposits of local ore could no longer be operated 
on a large enough scale to make their operations profit- 
able and all but a few mines were abandoned. Ores 
imported from foreign countries also began to supple- 
ment the domestic supply to the seaboard furnaces. 

Southeastern States—The Appalachian region, south- 
westward from Pennsylvania, lies chiefly within Mary- 
land, West Virginia, Virginia, North Carolina, Tennes- 
see, Georgia, and Alabama. The proximity in this 
region of deposits of iron ore, coal, limestone, and dolo- 
mite, all of which are essential in making iron, had, of 
course, a large influence in the early development and 
continuation of the iron industry here. Moreover, this 
region was one of the earliest in the United States to be 
settled and together with the other Atlantic Coast 
States farther north constitutes a large iron-consuming 
area. The South contains some of the largest as well 
as some of the smallest units of the iron and steel in- 
dustry. Districts in which iron mining and manufac- 
turing has developed extensively are in the Valley of 
Virginia, and near Chattanooga, Tennessee, and Bir- 
mingham, Alabama, but in the early days there were 
hundreds of small forges and furnaces scattered through- 
out the valleys. At times foundry and basic pig iron 








OPEN-CUT 
BROWN ORE MINE 
WorRKING ON 
Two LEVELS, 
BIRMINGHAM 


DISTRICT 

















APRIL, 1933 


86 


# (Cleveland EXPLANATION 


\ 


Area of best coking coal 


¥ 


Area of Seam 
Mary Lee, reek, 
and Jagger coals | 


» 
, 





Outcrop of red iron 
ore bearing formation 


A 


Area of probably 
workable red iron ore 


Limestone and dolomite 


al 


Areas worked for brown ore 
e 
Blast furnace 
a 
Steel plant 
J 


Mine 
~ 
% 


20 Miles 
| 





10 20 Kilometers 





Map SHOWING IRON, COAL, AND LIMESTONE AREAS 
BIRMINGHAM DISTRICT, ALABAMA 


have been made in this region at costs lower than else- 
where in the United States. 

The three principal types of ores of iron—hematite, 
brown ore, and magnetite—are all found in abundance 
in certain southern ore fields, and the residue from the 
extraction of sulfur from iron and copper pyrites in 
southern Virginia and eastern Tennessee is marketed 
as a low-phosphorus iron oxide. The most valuable 
deposits of hematite in the South are the beds of Clin- 
ton or nearly equivalent Silurian age that crop out 
interruptedly in west-central Virginia and almost con- 
tinuously from Big Stone Gap southwestward along 
the base of the Cumberland escarpment through eastern 
Tennessee and northwestern Georgia and terminate 
in the great deposits of the Birmingham district in 
Alabama. Deposits of brown ore are common in 
Virginia, Tennessee, Georgia, and Alabama, particularly 
in valleys underlain by limestone and in the clays and 


sands of the Coastal Plain. Magnetite occurs in com- 
mercial quantities in the Appalachian region of Vir- 
ginia, North Carolina, and eastern Tennessee and 
in the Piedmont region of Virginia and North Carolina. 
Maryland has long since ceased production of iron 
ore. Scattered deposits of brown ore occur in the 
mountain valleys and hematite beds of low grade 
occur in the Silurian rocks in northern Maryland. 
Small deposits of siderite partly altered to limo- 
nite are situated between Washington and Baltimore, 
and at one time supplied a small local blast furnace. 
The large iron and steel furnaces at Sparrows Point, 
near Baltimore, now depend principally upon ores 
from Cuba, Chile, Morocco, Russia, and Australia. 
In eastern West Virginia the Appalachian belt of 
brown ores is represented by scattered deposits and 
the Silurian bedded hematite is present in a few un- 
important outcrops. This part of West Virginia is 
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not a factor in the iron industry at present except as 
coking coal may be supplied to furnaces in other states. 

Brown ore, which comprises the well-known Devo- 
nian, Oriskany, replacement type, as well as the ‘‘valley”’ 
and “‘mountain’’ ore, is the most abundant iron ore in 
Virginia, but there are also deposits of hematite and 
magnetite. The brown ore and hematite occur in the 
Appalachian region; the magnetite is found on the 
Piedmont Plateau. The deposits of iron ore in Vir- 
ginia are so discontinuous and scattered that no great 
concentration of the iron industry has developed, al- 
though it has had a long and interesting life, dating 
from colonial days. Most of the ore was used locally, 
but some from the southern counties went to Tennessee 
furnaces. Little or none is now being mined. 

In the Appalachian region of western North Carolina 
two types of iron ore have been mined—magnetite and 
brown ore. The largest deposits of magnetite are near 
Cranberry where ore has been mined at intervals since 
1820. This ore is notable because of its extremely low 
content of phosphorus and sulfur, and low-phosphorus 
pig iron has long been made from it. The brown ores 
occur chiefly in the valleys of Cherokee and Madison 
counties. They are of relatively high grade and have 
been shipped to blast furnaces in Tennessee. 

Chattanooga, on the Tennessee River, occupies an 
advantageous position for iron and steel manufacturing. 
The bedded red hematite tributary to its blast furnaces 
underlies parts of the great plateau areas of eastern 
Tennessee, northeastern Alabama, and northwestern 
Georgia, and crops out in the bordering valleys. The 
ore outcrops in the three states aggregate more than 
200 linear miles. Most of the outcrop has been worked 
for its soft, or leached, ore and much will be worked 
eventually for the hard, or calcareous, ore although only 
the thicker deposits have thus far been mined. Coking 
coal is mined within this district, and at Rockwood, 
Tennessee, the limestone, iron ore, and coal are situated 
close together. 

Birmingham, Alabama, the greatest iron center in 
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the South, is second in rank in ore production in the 
United States; it compares favorably as a producer of 
iron and steel with Pittsburgh, Youngstown, and 
Chicago; and may prove to be the longest lived iron- 
ore mining district in the country. Its industrial his- 
tory is, however, one of the shortest, as its beginnings 
date back only to the late sixties, or since the Civil War. 
Noteworthy steps in the development of this district 
were the successful manufacture of pig iron with coke 
for fuel in 1876, the opening of mines of coking coal 
in 1879, the making of open-hearth steel in 1899, and 
the present-day manufacture of many iron and steel 
products. 

The Birmingham district is an elliptical area about 
75 miles long by about 40 miles wide. It includes ex- 
tensive deposits of red hematite, large though less ex- 
tensive deposits of brown ore, and enormous areas of 
coking coal and fluxing dolomite and limestone. The 
city and its suburbs are in the valley between two coal 
fields. Red Mountain, on the southeast, contains the 
beds of hematite, which dip into the mountain at angles 
of 15° to 45° and gradually become flatter as they ex- 
tend southeastward. The ore beds are of sedimentary 
origin and have not been altered essentially since their 
deposition. The workable ore ranges from 7 to 20 
feet in thickness and its outcrop extends for about 20 
miles. Drilling has indicated the presence of ore of 
commercial grade at depths not exceeding 4000 feet 
underlying probably more than 50,000 acres—a quan- 
tity of 11/2 to 2 billion gross tons. The slope mines have 
penetrated to distances of nearly a mile and a half from 
the outcrop and to vertical depths of 1500 to 2000 feet. 

The brown iron ores occur in fine to coarse grains 
and lumps in irregular masses, inclosed in clay, sand, 
and gravel of Cretaceous and Tertiary age that overlie 
Cambrian and Ordovician limestones and dolomites. 
Large deposits occur in Birmingham Valley, and in 
the vicinity of Russellville, in northwest Alabama. 
Some deposits are 100 feet or more in thickness and 
underlie many acres. The brown ore must be washed, 
picked, and jigged to free it of clay, gravel, and sand 
The brown ore is mined from open pits, and the de- 
posits are gradually becoming depleted as Alabama has 
long held first rank in the production of this type of 
ore. 

The Birmingham district ranks second to the Lake 
Superior district as a producer of iron ore. During 
the World War the output of iron ore increased ap- 
preciably but not in as large a proportion as in the Lake 
Superior district, because of the physical limitations 
inherent in underground mining of red ore and washing 
of brown ore. In 1925 the output constituted more 
than 10 per cent. of the total for the United States and 
exceeded that of any of the Lake Superior iron ranges 
except the Mesabi. The range in production is be- 
tween 3 million and 6 million tons of ore annually, and in 
1931 the Red Mountain group of mines at Birmingham 
was the largest single producer of hematite in the United 
States. 

(Part II will appear in the May tssue.) 












SOME CONTRIBUTIONS of BIO- 
CHEMISTRY fo the STUDY of EPILEPSY’ 
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The fact, that a large percentage of epileptic patients 
do not show structural changes in the central nervous 
system sufficient, to account for their bizarre symptoms, 
has led investigators to seek for the cause of the disease in 
disturbances of brain cell physiology. That some ab- 
normality in the metabolism of the brain actually occurs 
is suggested by the fact that convulsions usually cease 
during a prolonged period of fasting or when the victim of 
the disease is given a ketogenic diet or is placed on any 
regimen which produces a deficit in the body water. As 
a general rule, the factors which tend to increase cell mem- 
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PILEPSY is the designation given by physicians to 
a chronic convulsive disorder which has afflicted a 
small proportion of the human population in every 
part of the world since the dawn of written history. The 
current use of the term, which from its Greek derivation 
means ‘‘seizure,” makes it a loosely inclusive diagnosis 
for a group of symptomatically similar conditions, the 
underlying causes of which are unknown. The one 
common symptom, which has .ed to the grouping to- 
gether of these bizarre disorders, is the sudden occur- 
rence of paroxysms or fits in which consciousness is 
temporarily lost. These paroxysms vary in severity 
from momentary lapses of consciousness without mus- 
cular spasms (petit mal) to violent generalized convul- 
sions which may last for a minute or two only but leave 
the victim in a dazed or sleeping condition for several 
hours afterward (grand mal). In mildly epileptic 
patients seizures may not occur oftener than once in 
several years, whereas in extremely severe cases they 
may occur at the rate of several per hour unless inten- 
sive treatment is carried out. 

As a result of growth in our knowledge regarding 
causative factors, several distinct disease entities have 
already been excluded from this category. Perhaps 
the best example of this scientific culling process was 
that in which the serious convulsive disease, infantile 
tetany or spasmophilia (at one time labeled ‘‘infantile 
epilepsy”), was separated from the other paroxysmal 
disorders. When the cause of the convulsions in this 
disease was discovered by Howland and Marriott (1) 
to be a disturbance in the calcium and phosphorus 
economy of the body, secondary to a lack of vitamin D 
in the diet, it could no longer be designated as epilepsy, 


* Review given before the Minnesota section of the American 
Chemical Society at Carlton College, September, 1932. 


brane permeability (alkalosis, superhydration, anoxia, 
excitation, hyperlecithinemia) are those recognized as 
favoring the occurrence of epileptic seizures; whereas 
those which are thought to decrease permeability (nar- 
cosis, acidosis, dehydration, ketosis, hypercholesterinemia) 
favor their cessation. Recent biochemical studies on the 
mineral and water balances in relation to the occurrence 
of epileptic convulsions are tentatively interpreted as indi- 
cating the existence of an inherent defect in the physio- 
logical mechanism for regulating the semi-permeability 
of the brain-cell membranes. 
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because no such abnormality of the metabolism is 
demonstrable in the case of the “genuine’’ epileptic. 
Administration of soluble calcium salts gives temporary 
relief from its symptoms and addition of vitamin D to 
the diet (or exposure of the body to ultra-violet radia- 
tion) results in permanent cure of infantile tetany, 
whereas these measures are entirely ineffective in the 
case of true epilepsy. 

That the cause of epilepsy, like that of cancer, pre- 
sents an unusually complex problem is indicated by the 
fact that attempts have been made to solve it by the 
application of every known disease mechanism, but so 
far without complete success. Its tremendous impor- 
tance from both the economic and social standpoints is 
proved by the fact that there are over 500,000 epilep- 
tics in the United States alone (2). That it does not 
afflict the mentally inferior only is attested by the list 
of great historical figures who are said to have had the 
disease. Among those mentioned by Talbot (3) are, 
Julius Caesar, Napoleon, the Duke of Wellington, 
Peter the Great, Charles V, Mohammet, Balzac, Lord 
Byron, Schiller, Pascal, Handel, Mendelssohn, Mozart, 
and Paganini. However, it must be recognized that 
these are exceptional cases because the majority of per- 
sons suffering from the disorder sooner or later show evi- 
dence of mental retardation or deterioration. 

The early history of epilepsy is an epitome of man’s 
pathetically futile attempts to explain and control his 
bodily afflictions in the light of his meager knowledge of 
natural phenomena. Up to the time of the Greek 
physician, Hippocrates, ‘“‘Father of Medicine,” (460- 
370 B.C.), it was referred to as the ‘‘sacred disease.” 
In order to save face, the doctors of the time, who were 
obviously quite unable to cope with the problem of 
treatment, fabricated the theory that the disease was 
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sent by the gods and, therefore, should not be expected 
to respond to therapeutic measures instituted by man. 
In many different lands the disease has been (and in 
some quarters still is) attributed to demoniacal pos- 
session or to loss of the soul and the most weird remedies 
that the superstitious mind is capable of devising have 
been employed in attempts to control it. Of the an- 
cient writers, Hippocrates (4) alone held a view in any 
way comparable with our present-day conceptions re- 
garding the nature of the disorder. In a plea for rec- 
ognition of his own conviction, that epilepsy is not 
a ‘“‘sacred” ‘disease but, like any other disorder of the 
body, has a natural cause, this illustrious physician 
concluded his argument with the statement that, 

whoever is acquainted with such a change in 
men and can render a man humid and dry, hot and cold 
by regimen could also cure this disease without minding 
purifications, spells and all other illiberal practices of a 
like kind.’’ How prophetic this statement was of our 
present point of view will become apparent from the 
latter part of the present paper. 

Excepting the period just referred to in connection 
with the writings of Hippocrates, there has been but 
one other time, prior to the present, when discernible 
progress has been made toward a solution of the prob- 
lem. That was the period between 1855 and 1885, 
during which Laycock (5) introduced bromide salts 
as an improved form of treatment and Kussmaul and 
Tenner (6), Jackson (7), Gowers (8), and others through 
their clinical and experimental studies eliminated cer- 
tain erroneous theories and defined the problem of 
causation more clearly. The contribution of the latter 
workers was to show that the chronic convulsive ten- 
dency characteristic of the disease is not due primarily 
to any gross structural change in some particular part of 
the brain as had been held previously. They agreed 
that the old scars sometimes found in the brains of 
such patients after death are the results and not the 
causes of the repeated convulsions. They contended 
that there must be a subtle, inherent disturbance in the 
brain cell physiology or chemistry to account for the 
persistent tendency of the epileptic to have convulsive 
seizures. Since the leading neuropathologists (9), 
(10) of today are essentially in agreement with this 
view, the problem of discovering the underlying cause of 
the disorder appears to be one requiring solution by 
means of refined physiological and chemical technic 
similar in a general way to that successfully employed 
in the study of infantile tetany. It is the purpose of 
the present paper to give a brief review of recent in- 
vestigations following this approach to the problem. 


METABOLIC AND CHEMICAL STUDIES 


Of the various factors responsible for the recent re- 
vival of interest in the study of epilepsy from the bio- 
chemical point of view, the most potent was the dis- 
covery that a high percentage of severely epileptic pa- 
tients cease to have convulsions when subjected to fast- 
ing (11) or when required to subsist on a diet having 
certain effects on the body metabolism similar to those 
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of fasting (12). Obviously, the change in body state 
induced by this type of regimen tends to correct some 
obscure abnormality in the brain physiology of the 
epileptic subject. Therefore, information regarding 
the nature of any functional or structural alterations 
produced by fasting or by the use of a ketogenic diet 
should be of service in the final solution of the riddle. 
The four demonstrated effects of fasting (and of a 
ketogenic diet) which will be considered in the following 
pages are: (1) development of a state of ketosis, (2) 
decrease in the alkali reserve of the body, (3) increase 
in the concentration of lipids in the blood, and (4) re- 
duction in the amount of water stored in the body. 


Ketosis and Its Effects 


By ketosis is meant an abnormal accumulation of 
ketone bodies (acetoacetic acid, beta-hydroxybutyric 
acid, and acetone) in the blood and tissues of the body. 
This state develops and these substances appear in the 
urine in excessive amounts when an insufficient quantity 
of carbohydrate is burned. When there is less than 
one molecule of glucose to two molecules of the higher 
fatty acids in the metabolic mixture supplied to the 
tissues of the body, the higher fatty acids are not com- 
pletely oxidized to CO, and H,O. That is, under such 
conditions the normal process of beta-oxidation does 
not proceed beyond the 4-carbon-atom stage, thus 
giving rise to excessive amounts of the ketone bodies. 
Fasting or diets low in carbohydrate and protein give 
rise to ketosis within a few days because the meager 
stores of readily available carbohydrate in the body 
are soon exhausted. 

It has been shown in the case of epilepsy that there 
is an inverse relationship between the degree of ketosis, 
as produced by fasting or by a ketogenic diet, and the 
occurrence of convulsive seizures (13). (See Chart 1.) 
In the case of the severely epileptic patient, who served 
as subject for the experiment presented on Chart 1, it 
is obvious that there was a marked diurnal variation 
in the intensity of ketosis and that convulsions did not 
occur at the time of day when ketosis was most marked. 
On a more strongly ketogenic diet this patient had been 
free from seizures for one week prior to the three-day 
period represented in the chart. Convulsions occurred 
only after the diet had been made less strongly keto- 
genic by a small addition of carbohydrate, and then 
only in the morning hours, when the concentration of 
ketones in the body was at its lowest point for the day. 
Whether the mildly anesthetic effect of the ketone 
bodies or one of the other effects of the ketogenic regi- 
men was responsible for the non-occurrence of convul- 
sions at the height of ketosis is not apparent from the 
data presented on the chart. 


Acid-Base Balance 


That epilepsy might be due in part to erratic func- 
tioning of the body’s mechanism for regulating the acid- 
base equilibrium of its fluid matrix was first suggested 
by workers in Copenhagen (14) and later by others in 
America (15). _ It is well known that a condition of alka- 
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losis increases nervous irritability, thus favoring the oc- 
currence of convulsions; whereas, the opposite condi- 
tion, acidosis, has the reverse effect. The fact that pro- 
cedures (such as fasting, use of a ketogenic diet, and the 
administration of acid-forming salts) which cause a 
gradual reduction in the alkali reserve of the body tend 
to prevent epileptic seizures likewise favors this view. 

In the three following charts data are presented from 
experiments which were designed to determine the 
relative significance of ketosis per se and of the acid- 
base factor under controlled conditions (16). 

Chart 2 shows the effects of administering large 
amounts of carbohydrate to a severely epileptic child 
who had been on a strict ketogenic diet with resulting 
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[McQuarrie and Keith (16)] 
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freedom from seizures for 10 days. It is seen that the 
excess of acetone bodies in the blood was rather 
promptly abolished and that the CO, content and the 
pH rose well above the normal limits of 65 volumes per 
cent. and 7.45, respectively, before seizures occurred. 
Obviously, this was not a crucial experiment because it 
does not tell us whether the latter were due to alkalosis 
or to withdrawal of the sedative effect of the acetone 
bodies. 

Chart 3 presents a similar experiment but with ad- 
ministration of sodium bicarbonate instead of glucose. 
Recurrence of seizures followed the development of 
alkalosis in spite of an increase in the concentration of 
acetone bodies in the blood. This was tentatively in- 
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BONATE BY PATIENT 
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terpreted as indicating that the hydrogen-ion concen- 
tration of the body fluids is more important than the 
concentration of acetone bodies per se in the prevention 
of convulsions. 

The effects of fasting and of various dietary regimens 
on the occurrence of seizures, on the pH of the blood 
and on the acetone bodies and the total titratable 
acidity of the urine were determined in the case of one 
patient in a succession of adequately controlled ex- 
periments covering a period of 42 days. ‘(See Chart 
4.) It is obvious that this 12-year-old epileptic girl, 
who was known to have a number of convulsions daily 
when not under special treatment, was free from them 
while fasting or while on a ketogenic diet with an acid 
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ash but had recurrences whenever the diet was broken 
(7th and 14th days). It is clearly demonstrated, too, 
that the same ketogenic diet was made ineffective in 
preventing seizures, when it was made to have an alka- 
line ash (period III). A special, non-ketogenic diet 
with a strongly acid ash failed to prevent seizures 
(period V). Throughout the study, the blood pH 
tended to be elevated during periods with frequent 
seizures but normal or slightly subnormal during periods 
of freedom from seizures. These examples tend to 
support the contention that a state of potential or 
mild alkalosis may be an important factor in the 
causation of epileptic seizures. 


The Brain and Blood Lipids 


Since epilepsy is manifestly a disease involving the 
central nervous system, one of the first questions that 
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arises in the mind of one contemplating inquiry into 
the nature of the disease from the chemical point of 
view is, “In what respect, if any, does the composition 
of the brains of epileptic and non-epileptic subjects dif- 
fer?’ Unfortunately, this question cannot be answered 
at the present time because the chemical composition of 
the human brain has not as yet been completely deter- 
mined even for the normal subject. It is well known 
that brain tissue is characteristically rich in the various 
lipid substances such as lecithin, cephalin, cerebrosides, 
and cholesterol. Even for these important compounds, 
however, adequate comparative analyses of brains from 
normal and epileptic subjects of similar ages are not as 
yet available. A project is now under way in our 
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TO THE TOTAL TITRATABLE ACID 
AND THE ACETONE BODIES OF THE 
URINE AND THE PH OF THE BLOOD 


“‘S” indicates the seizures. 
[McQuarrie and Keith (16)] 


laboratory which has for its object the quantitative 
analysis of epileptic and non-epileptic brains of various 
ages for their water, mineral, and protein, as well as 


their lipid, content. That some abnormality in the 
chemical structure of the brain may be found to be a 
significant factor in the relative ease with which con- 
vulsions occur in the epileptic subject is suggested by the 
fact that the cholesterol content of the brain of normal 
persons is much higher and the water content much 
lower during adult life than during infancy, the period 
when susceptibility to convulsions is greatest (17). On 
the other hand, if we may judge from the few analyses 
available, the lecithin content of the brain normally 
shows but little change between infancy and adult life 
(18). 

With the hope of obtaining indirect information re- 
garding the status of the lipids in the brain during life, 
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limited studies of the blood lipids have been attempted 
by a number of investigators. The plasma cholesterol, 
for instance, has been claimed by various authors to 
be characteristically low in epilepsy (19) but this has 
been denied by others (20). The phospholipids of the 
blood have received very little attention. Because 
lecithin and cholesterol are recognized as physiological 
antagonists in their several réles in the life processes of 
all cells (21), (22), they should be studied simultane- 
ously. It is tentatively assumed that any alteration in 
their quantitative relationships in the blood is indicative 
of a disturbance in their relationship within the fixed 
tissues (brain). The following data from recent studies 
(23) indicate that the lipid economy of the body is 
actually disturbed in relation to epileptic seizures. 


Normals Epileptics 
jp meters enn 


Lecithin 





“i 100 150 200 250 O 50 100 150 200 250 300 


Cholesterol 





50 100 150 200 250 300 350 





Q 
ia} 
°o 
ot 
cm) 
o 
e2 
.) 
Q 
me} 
° 
w 
° 
$2 
ce) 
oO 
E 
te} 
Z 


100 150 200 
4 oo Ma AARAAAL MAAAAAARARAAAAA AAAS OO 
Total fatty acid 





400 600 800 1000 


Milligrams 


200 400 () 200 
Milligrams 
CHART 5.—HISTOGRAMS FOR THE LECITHIN, CHOLESTEROL, AND 
Fatty Acip CONTENT OF THE BLOOD PLASMA IN 32 ‘‘NORMAL” 
AND 100 EPILEpTic SUBJECTS 


The histograms are so arranged that the perpendicular black 
line in both the normal and epileptic series passes through the 
mean value for each constituent in the plasma of normal sub- 
jects. The white square indicates the mean value for each con- 


stituent. 
[McQuarrie, Bloor, and Husted] 


Chart 5 shows the results from a comparative sta- 
tistical study of the cholesterol, lecithin, and total fatty 
acids of the blood plasma in 100 cases of mild epilepsy 
and 32 normal subjects. It will be seen that the ten- 
dency for this group of epileptics, most of whose sei- 
zures were under control, was toward subnormal lecithin, 
normal cholesterol and elevated total fatty acid. A 
second study on a smaller series of extremely severe 
epileptics, who were at the time having frequent sei- 
‘zures, showed the lecithin as well as the cholesterol to 
remain within normal limits in all but a few instances. 
However, a definite tendency was observed for the 
lecithin to increase relative to the cholesterol in connec- 
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tion with convulsive seizures. It was evident in a 
series of eight patients, from whom serial blood samples 
were obtained throughout the day, that the lecithin- 
cholesterol ratio was highest in those samples taken 
nearest to the time of seizures and lowest in those most 
remote from seizures. The figures presented in Table 1 


TABLE 1 

CORRELATION BETWEEN CHANGES IN PLASMA LIPIDS AND OCCURRENCE OF 

CoNVULSIONS ON VARIOUS DrgTARY REGIMENS (SEVERE EPILEPSY) 
(From McQuarrie, Bloor, and Husted) 

Total Lecithin Choles- Lecithin 

Fatty terol Cholesterol 

Acids 

210 102 83 


Successive Convulsions 


Regimens 
(H:O ad lib.) 
1.25 
Ordinary 

Mixed 2 103 80 

Diet 


Several daily 


99 79 
After 11 days on F., 
149; C., 9; P., 36 g. 125 113 
(acid ash) 
Temporary high 
carbohydrate intake 141 95 


None for 7 days 


2 hours before and 
1 hour after sample 
After 5 days on 
F., 149; C.,9; P., 36 g. 
(alkaline ash) 
After 6 days on F., 
170; C., 0; P., 55 g. 
(ketogenic) 
After 3 days on 
¥., 510s. C., GO: F., 
. (non-keto- 


16 during 5 days 


None for 5 days be- 
fore and 3 days 
after 

1 hour before and 1 
hour after sample 


illustrate the variations found in the lecithin, choles- 
terol, total fatty acids, and the lecithin-cholesterol 
ratio in the case of a child with extremely severe epi- 
lepsy. All but the first three of the blood samples re- 
corded in the table were obtained in connection with 
the extended study on the acid-base balance represented 
in Chart 4. It is apparent that the lecithin tended to 
rise and the cholesterol to fall during the convulsive 
periods and that the reverse change occurred during 
periods of freedom from seizures. 


Water and Mineral Balances 


It has long been known that the brains of epileptics 
dying as a result of frequently repeated convulsions 
(status epilepticus) are abnormally ‘‘wet,” that is, they 
contain an excess of water. This fact, together with 
the observation that water constitutes the major frac- 
tion of the body substance lost during starvation (24), 
suggested the possibility of a close relationship between 
the net water balance of the body and the occurrence of 
convulsions, particularly in those patients who are 
freed from seizures by fasting. Clinical experiments 
specially designed to test this possibility showed that 
a deficit in the body water, no matter how produced, 
does favor the cessation of seizures, while a positive 
water balance tends to cause their recurrence (25), 
(26). Simultaneous studies on the water and mineral 
exchanges under well-controlled conditions have de- 
monstrated that the mineral balance is equally im- 
portant (27), (28), (29). This was to be expected be- 
cause of the intimate relationship known to exist be- 
tween the water and mineral economy of the body. 
The results of representative experiments on the water 
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Crart 6.—EFFECTS OF DIFFERENT LEVELS OF WATER INTAKE ON THE OCCURRENCE OF SEIZURES (S) AND ON CHANGES 
IN Bopy TEMPERATURE AND Bopy WEIGHT IN W. P., A Boy, AGED 6 YEARS 


* Indicates a large enema. 
[McQuarrie (26)] 


and mineral exchanges are presented in the following 
graphic charts, which are largely self-explanatory. 

The close relationship between the water balance 
of the body and the occurrence of seizures is strikingly 
shown in Chart 6. The subject of this particular 
study was a six-year-old boy who had between 30 and 
35 severe convulsions daily for one week before being 
subjected to rigid restriction of his total water intake. 
It is apparent from the chart that the number of sei- 
zures decreased during the first two days until he finally 
had none for a period of 18 hours. Because his body 
temperature at the end of this time had risen to the 
fever level as a result of dehydration, he was given a 
large amount of drinking water. Following this re- 
hydration of the tissues, convulsions again occurred 
with alarming frequency (43 in 26 hours). On re- 
sumption of the low-water regimen, however, they 
ceased completely within 12 hours. Except for one 
convulsion, which followed rectal administration of 
extra water in the form of an enema, there were no 
more attacks for eight days. At the end of this time 
they recurred following a too abrupt increase in the 
water allowance. When the total water exchange was 
finally readjusted at a level which was just sufficient to 
meet the patient’s minimum requirements for physio- 
logical activity, he showed striking improvement in 
his mental state and remained free from seizures for 
28 days before being discharged from the hospital. 


The relationship of convulsions to the mineral as 
well as the water balance is illustrated by the data from 
a prolonged study presented on Charts 7,8, and9. The 
experimental subject, an Italian girl, 12 years of age, was 
selected for this study because of the great severity of 
her convulsive tendency. When not under intensive 
treatment, she was known to have from two to fifteen 
convulsions daily. The two purposes of this particular 
investigation were, first, to ascertain whether certain 
means of producing a negative water balance, other 
than water restriction or a ketogenic regimen, would 
also result in cessation of seizures, and secondly, to ob- 
serve any variations that might occur in the mineral ex- 
change in relationship to seizures. With the patient 
on a constant, non-ketogenic diet containing a daily 
total of 1700 grams of water, various procedures were 
employed for producing either a deficit or a storage of 
water in the body. These special procedures are indi- 
cated as headings on the charts. 

The sources of water intake and the proportions lost 
by the various paths of output are shown in Chart 7. 
Chart 8 shows the average per diem net water balance 
for the different periods in relationship to occurrence 
of convulsions. It is obvious that a negative water 
balance above a certain magnitude, whether resulting 
from urea diuresis or MgSO, catharsis, prevented 
seizures; whereas, sudden restoration of the water lost 
during such periods resulted in their recurrence. Fol- 
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The diet was constant throughout the entire study. 
(McQuarrie, Manchester, and Husted] 


lowing the ingestion of extra water after a ten-day pe- 
riod of dehydration, the patient had 25 severe con- 
vulsions within 36 hours. Further convulsions were 
then prevented in spite of continued storage of water 
by administration of massive doses of luminal (phenyl- 
ethylbarbituric acid). Toward the close of the luminal 
period, however, spontaneous diuresis began and lasted 
for two and one-half days after withdrawal of the drug. 
No seizures occurred during this post-luminal control 
period. However, thirty hours after the reéstablish- 


CHART 8.—RELATIONSHIP OF NET 
WATER BALANCE TO OCCURRENCE OF 
SEIZURES 

The inset during the period of 
phenobarbital administration shows 
the daily net balance instead of the 
average for the entire period. See 
Chart 7. 

[McQuarrie, Manchester, and 

Husted] 
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ment of a positive water balance by administration of 
the antidiuretic hormone from the pituitary gland 
(pitressin P.D.), the patient again had convulsions 
(15 within 12 hours). Finally, during the two-day 
period of diuresis which followed discontinuance of the 
antidiuretic agent, no seizures occurred. 

The most significant variations observed in the min- 
eral excretion during the entire period of study are re- 
corded on Chart 9. This shows the intake and the ex- 
cretion of sodium, chlorine, and potassium, as well as 
the net water balance, in relationship to convulsions. 
The features of greatest interest, as regard the mineral 
exchange, pertain to variations in the excretion of Na 
and K. During periods of negative water balance and 
freedom from seizures, the excretion of Na in the urine 
exceeded that of K although the intake of the latter 
element was greater. At such times there was a nega- 
tive balance of Cl as well as of Na and K. During 
periods of positive water balance, when seizures oc- 
curred with great frequency, the K excretion predomi- 
nated. Although the diet, water, and drugs given each 
day were administered in equal amounts at 6-hour 
intervals, excretion of water and minerals was always 
much greater during the 12 hours of the day than dur- 
ing a corresponding period at night. 

Since in man Na greatly predominates over K in 
those body fluids outside of the cells (lymph and blood 
plasma) and the amount of K far exceeds that of Na 
within the cells, it is said that the protoplasmic mem- 
brane separating the contents of the cell from the sur- 
rounding medium is semipermeable. While under 
ordinary conditions the Cl ion apparently passes freely 
through such living cell membranes, Na ions can enter 
the cells and K can leave them only with great difficulty. 
Regulatory forces are continuously active in preserving 
the constancy of the electrolyte concentration of both 
extracellular and intracellular fluids, which tend to re- 
main in equilibrium with each other. It has been 
shown (24) that changes in the water and the base 
content of the animal body tend to parallel one another 
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very precisely. Storage of water entails retention of 
base and retention of base causes a proportionate stor- 
age of water. Excessive excretion or storage of intra- 
cellular water involves corresponding loss or storage of 
K, while changes involving the extracellular fluids are 
accompanied chiefly by loss or retention of equivalent 
amounts of Na. 

In the light of this knowledge, it is apparent from 
Chart 9 that the water lost during periods of induced 
diuresis was largely extracellular in origin, as indicated 
by the greater output of Na. The mineral and water 
loss resulting from use of the ketogenic diet has been 
shown to be of the same type. The extra K excreted 
during periods of water storage undoubtedly came 
chiefly from the body cells. What proportion of it 
was lost from brain tissue, which has an unusually high 
K content, cannot be said. The facts that this loss 
probably represents an abnormal “leakage” of intra- 
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CHART 9.—RELATIONSHIP OF WATER 
AND MINERAL BALANCES TO THE Oc- 
CURRENCE OF CONVULSIONS UNDER 
Various CONDITIONS 

[McQuarrie (30)] 
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cellular K and that the experimental patient was one 
suffering from a profound disorder of the nervous sys- 
tem are presumptive evidence in favor of such an origin. 
Since the increase in K excretion during the water- 
storage periods preceded the onset of convulsions, it is 
apparent that this phenomenon cannot be explained 
simply as an outpouring of base to neutralize the lactic 
and carbonic acids accumulating as a result of convul- 
sions. An alternative interpretation is that the ca- 
pacity of the cells to retain K was diminished when extra 
water was taken up. 

The next step in the investigation was to determine 
whether or not seizures could be induced in mildly 
epileptic patients between their regular attacks by 
artificially establishing a positive water balance. Since 
one of the chief physiological mechanisms for maintain- 
ing the constancy of the osmotic pressure in the extra- 
cellular fluids of the body is the excretion by the kid- 


EPILEPTIC 





kg 


kg 





52 


44 





x Convulsion| 
| 
eee eee 








51 a 


EAN 


43 


4 
a7 
é 
- 


Pe 





50e—— Body weight 


A2 


Prat 








Ty ol 





49 
CuartT 10.—EFFEcT OF SUSTAINED 


PiruITaARy ANTIDIURESIS ON NON- 
EPILEPTIC AND EPILEPTIC SUBJECTS 
AND PREVENTION OF SEIZURE BY 
PREVENTING DILUTION OF EXTRA- 
CELLULAR Bopy FLUIDS 
[McQuarrie (30)] 


Al T 
Na Cl added to diet 


| 10 gin. per day 
| | 


Pitressin 
O.5ce.c.every Zhr. 











Pitressin 
O0.5cc. every 3 hr. 


| a oe 
Water Exchange 
| 


ZA Total intake [Total output 




































































APRIL, 1933 


neys of any extra water ingested, water drinking alone 
does not result in the establishment of a positive bal- 
ance. However, there are two harmless methods avail- 
able for causing temporary retention of extra water, 
even in the case of a normal person. The first of these 
is to administer a comparatively large volume of water 
containing NaCl in a concentration similar to that of 
the blood plasma. The second is to give extra drink- 
ing water without added salt but with simultaneous ad- 
ministration of the antidiuretic hormone from the pitui- 
tary gland, which prevents the rapid excretion of water 
by the kidneys. 

While no seizures followed establishment of a strongly 
positive fluid balance by use of the first method, it 
was found that they could be induced regularly in 
epileptic children, but never in non-epileptic control 
subjects, by the second method. It is obvious that 
any knowledge regarding the underlying physiological 
mechanism of seizures induced in the epileptic patient 
in this manner might aid in the identification of his 
characteristic structural or functional defect. The 
chief difference between the physiological effects of the 
first and second methods of producing a positive water 
balance must be due to the fact that the extracellular 
fluids of the body are not significantly changed by the 
retained saline solution but are greatly diluted by the 
water stored during the period of sustained antidiuresis. 
The vasopressor action of the pituitary extract has 
been satisfactorily ruled out as the factor of chief im- 
portance. 

The experiment presented on Chart 10 was planned 
to test further the dilution hypothesis (30). In this a 
normal and a mildly epileptic subject were placed on 
similar, low-mineral diets and high-water intake while 
being given the antidiuretic extract subcutaneously at 
regular intervals. It is seen that the non-epileptic sub- 
ject had no convulsion in spite of storage of two and 
one-half kilograms of water, whereas the epileptic had 
one after gaining but one and one-half kilograms in 
weight. After complete recovery from the first test, 
the epileptic was resubmitted to it with no change in the 
procedure except for addition to the regimen of just 
sufficient NaCl to prevent dilution by the retained 
water. It is apparent that this modification prevented 
occurrence of seizures even though the amount of 
water stored was 60 per cent. greater during the second 
than during the first test. One tentative conclusion 
that may be drawn from this experiment is that the 
brain cells of the epileptic are characteristically over- 
sensitive to dilution of the extracellular fluids. 


The Effect of Reduced Oxygen Tension in the Blood 


It has been shown experimentally that convulsions 
can be induced in normal animals by interference with 
the arterial blood supply to the brain, which has been 
interpreted as an effect of reduced supply of O2 to the 
brain cells (31), (9). Reduction of O, tension in the 
atmosphere breathed by an epileptic patient has been 
shown by Lennox and Cobb to favor the occurrence of 
seizures (9). The latter authors believe that oxygen 


lack in the brain cells is the most likely cause of epilep- 
tic convulsions. That such seizures may be due to the 
increased permeability of the brain cells produced by 
anoxia is suggested further on. 


COMMENT 


This abbreviated résumé of recent studies on epilepsy, 
illustrated (for the sake of convenience) by samples of 
data from the clinical experiments of the writer and 
his co-workers, indicates the importance of the bio- 
chemical approach to the involved questions of patho- 
genesis and treatment of this bizarre disorder. Al- 
though the varied data presented are admittedly inade- 
quate for a final solution of the underlying problem of 
etiology, they require a common interpretation which, 
while highly tentative, may serve as a working hypoth- 
esis. 

It has long been recognized that a wide variety of 
dissimilar factors may contribute to the occurrence 
of epileptic convulsions, but it has been necessary to 
postulate the existence of some unknown constitutional 
abnormality to explain why persons with epilepsy have 
seizures under such conditions and others do not. 
Since there is no constant or characteristic anatomical 
disease process to account for this increased convulsive 
tendency, we are forced to regard it as a manifestation 
of some inherent defect in the functional capacity of the 
brain cells. 

Of the various physiological mechanisms, which 
might conceivably be at fault, that responsible for the 
semipermeability of the brain cell membrane appears to 
be the most likely in the light of the results presented 
above. While some obscure abnormality in the cell 
colloids, such as that suggested by Bancroft and Richter 
(32), might answer certain of the requirements prac- 
tically as well, the former possibility has a greater 
amount of presumptive evidence in its favor. For in- 
stance, all of the conditions which tend to induce sei- 
zures, such as alkalosis, nervous excitation, mechanical 
injury and anoxia, are also known to increase cell mem- 
brane permeability; whereas, factors favoring a state 
of freedom from seizures, such as narcosis, sedation, 
acidosis, and dehydration, are those recognized as de- 
creasing permeability. ’ 

Additional evidence in support of this view is pre- 
sented in the present review. The abnormal ‘‘leakage”’ 
of K from the cells during periods of rehydration or 
superhydration in the experiment referred to in Chart 
9 suggests a defective cell membrane. The apparent 
failure of the brain cells to function normally, when the 
extracellular body fluids were forcibly diluted, as shown 
in Chart 10, might be explained on the basis of a distur- 
bance in membrane permeability or abnormal behavior 
of the brain cell colloids. 

If the assumption is made that the blood reflects 
alterations in the fixed cells of the brain, the various 
shifts in the plasma lipids, shown in Table 1, would favor 
the view also. Available data indicate.that cholesterol 
and its esters, acting as hydrophobe colloids, tend to 
decrease the permeability of cell membranes to water 





214 


and electrolytes, while lecithin, as a hydrophile col- 
loid, tends to increase the ease with which these sub- 
stances enter or leave the cell (22). That variations 
in the relative proportions of cholesterol and lecithin 
in the blood may influence the excitability of the ner- 
vous system is indicated by various facts. For in- 
stance, injection of cholesterol directly into the blood 
stream produces profound narcosis, while administra- 
tion of lecithin with a narcotic agent shortens the period 
of narcosis. If lecithin is administered with a con- 
vulsive drug, the dose of the latter required to cause 
convulsions is greatly. reduced. It is conceivable that 
these different effects are related to resulting alterations 
in the brain cell membranes. 

Since the metabolic effects of the ketogenic regimen 
are all of the type which tend to decrease cell membrane 
permeability, may it not be that this is the modus 
operandi by which fasting exerts its beneficial influence 
on the epileptic patient? Much experimental work 
remains to be done to answer this and other ques- 
tions pertaining to the physico-chemical pathology of 
epilepsy. 
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CORROSION, the BILLION- 


DOLLAR THIEF 


IT. The Factors Affecting Corrosion 
FREDERICK A. ROHRMAN 


Michigan College of Mining and Technology, Houghton, Michigan 


Much of the misunderstanding in corrosion studies and 
observations is due to failure to comprehend the nature 
and intensity of the many factors involved. A natural 
classification into influences inherent within the metal, 
in the solution, and on the outside seems to present itself. 
Often two or more influences act together either to neutral- 
ize or to intensify the individual effects. An attempt has 
been made to segregate and discuss each possible factor 
in a uniform manner so as to clarify the subject. 

Short explanations are given of the values of these 
studies in understanding metal solution rates, industrial 
boiler.design, automobile manufacture, milk pasteurizing, 
and even criminology. 


+++ oro + 


Do not look for anything behind phenomena. 
They are themselves their own lesson. 
Goethe 


CLASSIFICATION 


N ENUMERATION of the many factors which 

_ might affect the corrosion of a metal makes it 

obvious that they may be grouped under three 

heads: the metal, the corroding medium, and external 
influences. The classification may be as follows: 


The Metal 


Electromotive position 
Purity 

Nature of impurities 
Physical state 

Oxide or surface behavior 
Salt solubility 


The Corroding Medium 


Nature of cation 
Concentration of cation 
Conductivity 
Temperature 
Diffusibility { Viscosity 
Circulation 
Nature of anion 
Nature of corrosion products 


External Influences 


Oxygen concentration 
Light 

Colloids 

Bacteria 

Cathodic metals 
Stray currents 


In the discussion of each factor it will be necessary 
to assume that none of the other factors interferes. 
Actually such a state never occurs, but it must be 
posited for the purpose of clarifying each phenomenon 
involved. 


THE METAL 


1. Electromotive Position—From the previous 
paper* it should be plain that the metals in the upper 
portion of the electrode potential series are more sub- 
ject to corrosion than those in the lower portion. Thus, 
in nature, gold, silver, copper, and mercury occur in 
the free state, while aluminum, zinc, iron (other than 
meteoritic), and lead are never uncombined. 

One expects to find, and does find, that salt water, 
acid solutions, or copper sulfate solutions will attack 
clean aluminum more readily than they will attack 
zinc, and zinc more readily than copper, and copper 
more readily than gold. The series, then, gives one 
the first impression of the corrodibility or corrosion 
resistance of the elements. 

2. Purity—It has frequently been reasoned that if 
an element could be freed of all impurities and be per- 
fectly homogeneous it would resist solution in any 
medium. Theoretically such a perfect metallic state 
could exist; actually it does not, because no element has 
ever been relieved of all its impurities nor been in a 
homogeneous'state, nor is it feasible to prepare such a 
metal. Therefore it is doubtful whether the reasoning 
can be proved. It is known, however, that as a metal is 
purified its resistance to corrosion increases. The ex- 
planation for the greater insolubility of the purer metal 
is perhaps to be based upon the non-existence of local- 
action currents which are dependent on the presence 
of dissimilar metals or heterogeneity of structure. In 
other words, if the metal is free of other elements and 
absolutely homogeneous no potential can possibly exist 
between one point on the surface and another; there- 
fore no current can flow and the metal will not go into 
solution. 

The insolubility of high purity zinc in acids is a 
good example of the effect of impurities on the corrosion 
of metals. Zinc containing less than 0.0001% im- 
purities has been prepared by electrolysis and vacuum 
distillation. This zinc resists solution nobly and re- 
mains untarnished in the atmosphere for months, while 


* See p. 141 ff., March J. Cue. Epuc. 
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a 99.90% zinc corrodes or becomes covered with a gray 
film. The 99.90% zinc, in turn, resists corrosion more 
readily than a 99.00% zinc, etc. 

The author has prepared nickel of such purity that 
the impurities could be detected only by delicate spec- 
trographic means. This nickel resisted corrosion and 
tarnish much better than did the purest specimens of 
the metal obtained from other sources. Prolonged 
exposure in a fume hood did not affect its surface ap- 
pearance. 

Iron prepared by electrochemical means is quite pure 
and resists attack in a surprising manner. A number 
of patents have been granted covering the manufacture 
of electrolytic iron pipes and tubes, the extra cost in 
manufacturing supposedly being balanced by the 
greater life of this iron. 

3. Nature of Impurities—The impurities in a metal 
are of two kinds, those more noble and those more 
base. The latter will not affect the corrosion of the 
metal in question, because their solution pressures are 
greater than that of the main body of metal; conse- 
quently they alone will go into solution. For this 
reason aluminum and magnesium, being more base than 
zinc, will be preferentially dissolved when present in 
this metal. On the other hand, iron, copper, etc., 
being more noble than zinc, will force its solution. 

Too often it is believed that the potential of the 
more noble constituent is of consequence in determining 
local-action currents, but according to equation 6 


(Part One) 
En > Ex + Eo 


the sole factors involved in acid corrosion are the poten- 
tial of the metal, £,,, the potential of hydrogen, £,, 
and the hydrogen overvoltage, E,. The only func- 
tion of the more noble constituent is to act as a focal 
point for the deposition of hydrogen. In other words, 
the only réle the noble constituent has to play is that 
of its hydrogen overvoltage. 

Caspari** has found that amalgamated zinc is only 
very slowly dissolved in acid. The reason for this 
becomes evident upon noting the high hydrogen over- 
voltage on mercury, a factor that makes for a low value 
in the equation just given. Because of the low hydro- 
gen overvoltage on iron or platinum, additions of these 
metals to zinc result in rapid solution and consequently 
lead to a high value.** 

4. Physical State-——The physical state of a metal 
has an important bearing upon its electrode potential 
and rate of solution. If the potential of any piece of 
metal is measured and a stress or strain is then imparted 
to it, the potential will become more negative, showing 
that there is a greater tendency for the strained metal 
to lose electrons or go into solution. This difference 
in potential can be observed in very pure metals as 
well as in impure metals. It may sometimes amount to 
several tenths of a volt. 


32 Casparl, Z. physik. Chem., 30, 89 (1899). 
38 CENTNERSZWER, ibid., 92, 563 (1918). 
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A stress or strain may be imposed on a metal by three 
means: 
1. Physical disturbance at a temperature below the 
annealing point. 
2. Rapid quenching from temperatures above the 


annealing point. 
3. Electrodeposition at high current densities. 


Usually these three cases manifest themselves by a 
change in crystal structure. Yet, it is also known that 
energy is absorbed in the processes. Too often metallic 
specimens are tested for resistance to corrosion without 
regard to their physical state. A metal may be sawed 
or cut for a sample, drilled for a holder, filed, or polished; 
each one of these operations imparts to the metal a 
strained area which differs from that of the homogene- 
ous metal. The result is that corrosion will be more 
pronounced at the edges and around the hole, and that 
its immediate rate of solution will be higher than its 
later rate of solution. 

The problem of the steel spring is an interesting one, 
and in this case the crystal structure does not seem to 
change. What happens to the energy of a wound 
spring as it is dissolved in an acid? The answer is 
that it dissolves with the evolution of more heat than 
an unwound spring. How could this energy have been 
stored in the wound spring? It may be that the atoms, 
if distorted by compression or tension, have a greater 
solution potential. X-ray evidence does show a slight 
lattice distortion; and if one considers the energies in- 
volved within the atomic lattice it is evident that the 
shift, though slight, would be representative of a great 
amount of energy. 

When the crystals of a metal are broken up it is 
easy to see that a greater surface results and that the 
solution rate should increase. Mere rate of solution 
without any increase in heat does not connote a poten- 
tial increase. Thus, two small pieces of metal may 
have the same potentials as one larger piece, but they 
will dissolve faster because of their greater surface. 

It is also known that the different sides of a crystal 
grow and dissolve at different rates. As a crystal is 
broken up, more of the more soluble sides are exposed, 
and these may have a greater potential than the less 
soluble sides. Straumanis** has shown that the differ- 
ent sides of a zinc crystal have different potentials. 
These potentials are, however, in the order of milli- 
volts, as compared to tenths of a volt. 

As a metallic body is changed from a large crystal 
structure to a small crystal structure the grain bound- 
aries become focal points for local action because of the 
greater number of impurity segregations at these points 
and because of the existence of oxygen concentration 
cells (to be referred to later). These factors all tend 
to hasten solution. It is then possible that a stress 
or strain will hasten corrosion by virtue of atomic dis- 
tortion, smaller crystal structure, presentation of favor- 
able crystal faces, uncovering of impurities, and 
crevices for the existence of oxygen concentration cells. 


34 STRAUMANIS, tbid., 147, 161 (1930). 
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In industry it is known that corrosion will be more 
acute at rivet points and the machined portions of 
various equipment. It is becoming good practice to 
anneal even large fabricated parts after their manufac- 
ture, in order to reduce the localized strained areas. 
It is known that after the electrodeposition of metals on 
certain objects, corrosion takes place first at the edges 
and corners because at these points the current density 
is the highest and smaller crystals are deposited. 

Of general interest is the importance of stress-strain 
corrosion in criminology. It is known that revolvers 
and pistols are numbered by steel dies and that such a 
number would often lead to the identification of the 
owner. Owners of such weapons for illegitimate pur- 
poses file or grind out the numbers, thus trying to 
prevent identification. When a number is stamped in 
a metal, however, a strained facsimile of each number 
is outlined into the body of the metal, so that even if 
the number is obliterated on the surface it is potentially 
present below the surface. Criminologists have found 
that acids will etch into these strained areas and will 
soon reveal the outlines of the numbers. 

5. Oxide or Surface Behavior—Most metals are 
readily attacked by oxygen to form oxides. Some of 
these are quite soluble, and some are not. If a metal 
forms an oxide which is insoluble and tends to cover 
the surface thoroughly, then this metal will be protected 
from further attack. Oxide films which tend to protect 
the underlying metal from corroding media are called 


passive films, and the phenomenon is known as passiv- 
ity. This protective film of oxide may be induced 
to form by atmospheric oxygen or oxidizing agents such 


as nitric acid, dichromates, chromic acid, etc. In the 
case of arsenic passive films, produced. by soluble ar- 
senic salts, the mechanism of formation is different. 
The arsenic deposits out of solution over the less noble 
metal and forms an arsenic film which has a high hydro- 
gen overvoltage.*® Phosphate coatings are sometimes 
produced on ferrous metals, the best known process 
being the ‘“‘Parkerizing Process,’’ which is a modification 
of the ‘‘Coslett Process.’** These iron phosphate 
films, which are very insoluble, are produced by im- 
mersing the metal in a phosphate solution. 

As previously mentioned, the reason why aluminum 
and chromium resist corrosion so well is found in the 
insoluble oxide films which cover these metals so thor- 
oughly. It is noteworthy that most of the metals be- 
low hydrogen, such as copper and silver, do not form 
protective oxides; in fact, before these metals can be 
made to dissolve they must be attacked by oxidizing 
agents. 

Schénbein and Faraday*’ were the first to explain 
the passivity of iron in this way. Vernon** and Evans*® 
have actually isolated and determined the thickness of 
such films. The author has produced dense passive 

3% Watts, Trans. Am. Electrochem. Soc., 21, 337 ( 1912). 


86 PoLLitT, ‘“The causes and prevention of aeaanad 
Benn, Ltd., London, 1924, p. 140. 

87 SCHONBEIN AND Farapbay, Phil. Mag., 9, 53 (1836). 

38 VERNON, J. Chem. Soc., 129, 2273 ( 1926). 

39 EVANS, ibid., 130, 1020 (1927). 
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films upon nickel. These films were recovered by clean- 
ing one side of the metal, allowing the metal to dissolve 
as an anode, and then recovering the film as it floated 
on the solution. 

6. Salt Solubility—The topic of salt solubility is 
closely related to topic 12, nature of corrosion products, 
under which it will be more completely treated. As 
a metal is attacked it combines with the ions of the 
corroding medium. If the resulting salt or compound 
is quite insoluble and tends to cover the surface, further 
corrosion will be hindered. Good examples are the 
action of dilute sulfuric acid on lead and of dilute hydro- 
chloric acid on antimony. In the former case the 
slightly soluble and adherent lead sulfate is formed; in 
the latter case antimony chloride is formed which hy- 
drolyzes to form the insoluble and adherent oxychloride. 

If the salts which are formed are very soluble, cor- 
rosion proceeds rapidly. A clear example is furnished 
by the lactates. Lactic acid, though a weak acid, 
forms very soluble salts, and, as any one familiar with 
its action on metals realizes, attacks them with avidity. 
Thorpe* has stated, “The salts of lactic acid are all 
soluble in water, many so readily that they are difficult 
to obtain crystalline.” 


THE CORRODING MEDIUM 


7, 8. Nature and Concentration of Cation.—Accord- 
ing to Calcott*! 95% of corrosion is acid corrosion— 
that is, corrosion due to the substitution of metal for 
hydrogen in the corroding medium. It is just as pos- 
sible for metallic salt solutions to react upon metals 
as for acids to do so, the only difference being the sup- 
planting of metal by hydrogen. Copper sulfate solu- 
tion attacks iron, aluminum, zinc, etc., with facility, 
the copper precipitating on the metal and the metal 
going into solution. 

The corrosion of metals by mine water is often caused 
or accentuated by the presence of copper salts. Brass 
is sometimes corroded severely because of the reprecipi- 
tation of the copper constituent upon the zinc, a phe- 
nomenon known as dezincification. Fink and the 
author,*? studying the corrosion of metals by milk, at- 
tributed the excessive corrosion of nickel pasteurizing 
equipment to the small, natural copper content of 
milk. Raw milk in contact with nickel causes the 
nickel to acquire a dark coat of precipitated copper; 
prolonged contact results in the complete destruction 
of the nickel apparatus. 

It was demonstrated (Part One) that the influence 
of the cation concentration is important in determin- 
ing the potential of an electrode. It suffices to repeat 
that as the concentration increases for a particular elec- 
trode, its potential becomes more noble, and as the 
concentration decreases, the potential becomes less 
noble. 

“Dictionary of applied chemistry,’’ Longmans, 
Green & Co., New York City, 1925, vol. IV, p. 8. 

41 CaLcoTT, WHETZELL, AND WHITTAKER, ‘Corrosion tests 

and materials of construction for chemical engineering appara- 


tus,” D. Van Nostrand Co., New York City, 1923, p. 4. 
42 FINK AND RourMAN, J. Dairy Science, 15, 73 (1932). 


40 THORPE, 





218 


Water, the most common corroding medium, has a 
very low hydrogen-ion concentration, pure water having 
a concentration which may be expressed as 10~* gram 
ions per liter. Its potential at 25°C. will then be 

Ey+ = E, + 0.059 log 1077 
Ext = 0 — 0.413 
Ent —0.413 


It is, then, quite unlikely that this concentration of 
hydrogen ions will attack metals having potentials more 
positive than —0.413. Thus, nickel, if in a normal solu- 
tion of its ions and if the solution has a hydrogen-ion 
concentration of 10~’, would not be affected. If, how- 
ever, the concentration of nickel ions were 10~’, corro- 
sion could take place because 
0.059 


2 


—0.23 + 
— 0.437 


Eyi*++ = log 10-7 


Eyi++ = 


The nickel potential is now less noble than the hydrogen 
potential by 0.024 volt. 

When a metal is placed in a medium having an un- 
known or insignificant content of its own ions it is im- 
possible to calculate what the potential relationships 
should be. Moreover, since the potential depends upon 
the ionic concentrations at the faces of the electrodes, 
one is not always right in basing his calculations on the 
concentrations in the body of the liquid. If a nega- 
tive electrode is placed in a solution very low in con- 
centration of its own ions the potential will invariably 
be more positive than one would expect or than calcula- 
tions would indicate. This condition is obtained be- 
cause the metal-ion concentrations at the anodic areas 
are always higher at the interface metal-medium on 
account of the slow rate of diffusion of the dissolved 
metal into the body of the liquid. At equilibrium, how- 
ever, the concentrations must be the same. 

If nickel or almost any other metal is placed in a 
solution of sodium chloride its potential, of course, will 
be more negative than if it had been placed in a solution 
of its own ions. It would immediately go into solution 
and its ions would diffuse into the body of the liquid. 
Soon its potential would be as high as the hydrogen 
potential, and attack would cease. 


9. Conductivity—From Equation 7, : oa = it 


can be seen that the conductivity of the corroding me- 
dium has a direct effect upon the solution velocity of 
the attacked metal. The medium must be conductive 
to local-action currents, for otherwise local action would 
cease. Kajander** has showed that there is a direct 
relationship between the conductivity of the acids at- 
tacking magnesium, and the solution velocity. The 
increase of hydrogen-ion concentration with the con- 
ductivity must not be considered as the prime reason 
why the solution velocity increases. The effect of 
the hydrogen-ion increase would make the value of the 
reaction velocity change according to the log Ht, and 
not directly, as the conductivity does. 


43 KAJANDER, J. Russ. Phys.-Chem. Soc., 13, 457 (1881). 
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From the point of view of acting conductors and not 
from the point of view of ion concentrations, the factor 
of conductivity is of greater importance than has gen- 
erally been realized. Palmaer has constantly pointed 
this out in his researches and writings, and it cannot 
be too thoroughly emphasized. 

10. Diffusibility and Temperature.—The concentra- 
tion changes which might alter the electrode potentials 
are dependent upon the rates at which diffusion will 
proceed. Fink*‘ and the author, studying the diffusion 
rates of copper and nickel electrolytes, demonstrated 
the dependence of diffusion upon viscosity, temperature, 
and circulation. It can be said that diffusion increases 
with an increase in temperature or circulation and 
with a decrease in viscosity, while viscosity decreases 
with an increase in temperature. 

The rate at which dissolved oxygen is delivered to 
the electrodes is also dependent upon the rate at which 
the solution is circulated. 

Besides affecting diffusion in the manner outlined, 
temperature affects the electrode potential according 


to the Nernst relation, “ log C. The hydrogen over- 
n 


voltage on metals is also reduced by an increase in 
temperature. Salt solubility generally increases and 
oxygen solubility decreases with a rise in temperature. 

11. Nature of Anion.—It is a well-known fact that 
the metals which form protective oxide films are only 
slowly dissolved in sulfuric acid, nitric acid, and many 
other media. Since most of these metals form sol- 
uble sulfates and nitrates, their insolubility must re- 
sult, not from salt insolubility, but from oxide insolubil- 
ity. The halogen acids react with these oxides, how- 
ever, so that traces of chlorides, fluorides, or bromides 
in corroding media cause these metals to go into solu- 
tion much more readily than if the halides were absent. 

It is believed by some that the halogen ions, being 
smaller, have the ability to penetrate the small open- 
ings of the oxide film and attack the metal. Yet one 
must reason that mere accessibility of anions to the 
metal does not necessarily result in corrosion; with 
metals of the passive film type corrosion is an immedi- 
ate consequence of hydrogen substitution, and hydro- 
gen is a much smaller ion than any of the halogens. 
It must follow that the action of the halogen is secon- 
dary, and it is quite plausible that its réle is one of com- 
bining with the oxide to form a soluble halide. 

Some practical aspects of this influence are illuminat- 
ing. During the electrodeposition of nickel it is neces- 
sary that some chloride be present in the sulfate bath 
in order to facilitate anode solution. Without the 
chloride, or other halide, very little nickel goes into 
solution and the bath soon becomes depleted of nickel, 
a condition to be avoided. In some sections of the 
country it is the practice to apply calcium chloride to 
roads in order to lay the dust. This practice proves 
rather tragic to automobile parts plated with chromium 
or nickel, for when the roads become wet the parts 


; bet an AND RourMan, Trans. Am. Electrochem. Soc., 57, 325 
1 ; 
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are splashed with this very active medium and rapidly 
corrode. For certain experiments it is sometimes neces- 
sary to dissolve in acids large quantities of the metals 
just mentioned. The reagent that the author has 
found to be most effective is concentrated nitric acid 
with about one per cent. of hydrochloric. This medium 
is much more active than aqua regia or other mixtures 
of hydrochloric and nitric acids. 

Metallurgists have constantly been attempting to 
perfect a ferrous alloy which would resist hydrochloric 
acid. All the ‘‘stainless’” ferrous alloys resist corro- 
sion because of their homogeneity and their possession 
of a non-permeable oxide film. Since their resistance 
depends chiefly ypon maintaining this oxide film which 
combines with the halogens, they are resistant to all 
media except those containing halides. It is, then, 
quite unlikely that a ferrous alloy will ever be developed 
which will resist such media unless some other pro- 
tective surface is developed. 

12. Nature of Corrosion Products.—This topic is 
closely related to topics 6 and 11. Let us assume that 
the metal to be corroded is zinc and that the corroding 
medium is sodium chloride; the following reactions 
can be said to take place. 


(at anodic points) 
(at cathodic points) 


Zn —> Zn*tt+ — 2 

Ht + «—> H® 

Znt+ + 2Cl- —> ZnCh 
Znt++ 4+ 20H- —> Zn(OH), 


in body of solution 


The formation of zinc chloride or zinc hydroxide will 
depend upon the hydrogen-ion concentration and the 
chloride concentration of the solution, a high hydrogen- 
ion concentration and high chloride-ion concentration 
favoring the formation of zinc chloride. Complex 
compounds may also form, but their formation will 
not be discussed here. . 

On the basis of their physical nature and behavior, 
possible corrosion products may be placed in these 
groups: 

1. Those which are soluble. 

2. Those which adhere to the metal, are impervious 

to ions, and are insoluble. 

3. Those which prevent passive film formation (act 

as oxygen screens). 


If the product is only slightly soluble and has a ten- 
dency to adhere to the metal surface, forming a pro- 
tective film, corrosion will not take place, as in the 
previously cited example of lead sulfate. Those com- 
pounds which act as screens to oxygen will cause pre- 
ferred attack, a topic to be taken up under the next 
heading. A recent paper by Britton and Evans*® has 
elucidated many of the points discussed under the 
present topic. 

Every one is familiar with the appearance of iron 
rust. The mechanism of its formation is quite simple. 
Most iron rust is evidenced where the corroding medium 
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has been ordinary water. The iron goes into solution 
as ferrous iron (Fet*+) and forms ferrous hydroxide, 
Fe(OH)2, with the hydroxyl ions of the water. Now 
ferrous hydroxide has a whitish green color, while rust 
as we see it, is red; another reaction must therefore 
enter in. What happens is that the oxygen of the 
atmosphere enters into the reaction at this point and 
the ferrous ions are oxidized to ferric ions, the result 
being ferric hydroxide, Fe(OH);. These hydroxides 
undergo transformation with the formation of the 
oxides FeO and Fe,O; with waters of crystallization. 
Stumper,** on analyzing 23 samples of rust, found the 
composition to vary within the limits indicated by 1 
to 3 FeO-4 to 20Fe.03:22H,O. The outer rust portions 
were found to contain the greatest percentage of ferric 
iron. ‘Of course, under the surface oxides one will find 
Fe(OH);, and under the Fe(OH); there will be unoxi- 
dized Fe(OH)2; so that a cross section of a rust coating 
will reveal a gradation of these compounds, and a mass 
analysis will show a mixture. The presence of carbon 
dioxide will complicate the compound formation further 
with the formation of carbonates. 


EXTERNAL INFLUENCES 


13. Oxygen Concentration.—The importance of oxy- 
gen concentration cannot be overemphasized. Too 
often scientists speak of the presence or absence of 
oxygen without realizing that the important factor is 
concentration. 

In those cases of corrosion which are of the hydrogen- 
evolution type, oxygen plays little or no part. But 
where hydrogen polarization asserts itself and a cur- 
rent does not flow, oxygen concentration is most im- 
portant. With those metals which form protective 
films two tendencies oppose each other—one for a 
protective oxide film to form and prevent further at- 
tack, and one for the oxygen to be steadily consumed 
by the polarized hydrogen and promote attack. With 
those metals which do not form protective oxide films 
or in media which have a solvent action on the protec- 
tive film, attack is proportional to the oxygen concen- 
tration. 

If a piece of iron is placed vertically in a dilute solu- 
tion of sodium chloride the attack first takes place deep 
in the solution, while the portion near the air-water 
line is unattacked. Again, if a drop of water is placed 
on a piece of iron the attack centers itself at the center 
of the drop, while the outside ring is unaffected. Deep 
recesses and crevices in the metal will be more subject 
to attack than will the surface of the metal. Areas 
protected by physical objects or by corrosion products, 
as mentioned above, also prevent the rapid diffusion 
of oxygen and its attendant protective-film formation. 
All these cases are dependent upon the existing condi- 
tions, which may or may not be amenable to the in- 
fluence of oxygen. (Where access of oxygen is not hin- 
dered a protective film may be encouraged to form or re- 
main; where access of oxygen is inhibited a protective film 
cannot form and the oxygen acts as the depolarizer of the 


46 SrumPER, Chimie & industrie, 13, 906 (1925). 
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hydrogen.) Figure 1 shows several illustrations of this 
differential aération. 

The knowledge of oxygen influence is largely due to 
work and publications by Evans, Bannister, Britton, 
Bengough, Stuart, Lee, Wormwell, Forrest, Roethelli, 
and Brown. Reference to these valuable contribu- 
tions will clear up many vague points on the topic. 

14. Light.—All substances have the property of 
light absorption to a greater or lesser extent. Since 
light is a form of energy the absorbing material must 
make use of this energy in one way or another. Metals 
are affected in such a way that their solution potentials 
are increased, this being one of the explanations for the 
well-known phenomenon of photo-electricity. 

A number of investigators have found that the solu- 
tion rates and potentials of metals increase in the 
presence of light. Bengough and Hudson*’ showed that 
under such conditions copper tarnished and went into 
solution more quickly, Cribb and Arnaud** showed that 
iron corroded more quickly, Liverseege and Knapp*® 
found the same true of lead, and Benedicks and Sund- 
berg®° the same of “‘stainless steel.”” The potentials due 
to the photo-electric effect may be quite small,*! but 
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had been added to the acids. Friend*® and his associ- 
ates have done considerable work on this same topic. 
16. Bacterra.—Certain microérganisms are known 
to influence corrosion, chiefly of iron, considerably. 
These organisms are known as leptothrix ochracia, 
beggiatoa alba, crenothrix polyspora, zallionella ferru- 
ginia, etc. They may affect corrosion in the following 
ways: 
1. By changing oxygen concentrations (aérobic 
forms). 
2. By the production of active end-products. 


3. By the formation of incrustation. 


Any aérobic form of life in a medium will naturally 
decrease the oxygen concentration of that medium. 
This change may influence corrosion as discussed under 
13. Active end-products may be formed, such as 
humic acids or sulfides.5® 56 These products will affect 
corrosion as previously outlined. Other organisms 
may collect at the metal interface and form incrusta- 
tions or films of themselves or their end-products. 
These films will influence the oxygen concentration suf- 
heiently to create oxygen concentration cells. 






















































































FIGURE 1.—COoNDITIONS FAVORING DIFFERENTIAL AERATION 


Corrosion most evident at A (anodic). 


with time their influence, in a corrosion reaction, may 
be appreciable. The importance of wave-length has 
also been emphasized, it being obvious that a shorter 
wave-length possessing a greater energy will cause 
greater corrosion. Coblentz** has reported remarkable 
cases of corrosion which were accelerated by ultra- 
violet light. 

15. Colloids.—The influence of colloids on corrosion 
should not be mysterious. Colloids may act in such 
a way that they are adsorbed on the surface of the 
metal, or they may act to increase the viscosity of the 
solution. In the former case an adherent, protective 
film may form; in the latter case the flow of ions will 
naturally be hindered. It is interesting to note that 
the addition of almost any colloid inhibits corrosion. 
Many times, in fact, such additions are called inhibitors. 
Sieverts and Lueg®* have observed decided decreases 
in the solution rates of zinc, iron, and aluminum in 
hydrochloric and sulfuric acids after various alkaloids 
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49 LIVERSEEGE AND Knapp, J. Soc. Chem. Ind., 39, 29T (1920). 

50 BENEDICKS AND SUNDBERG, J. Iron & Steel Inst., 114 [2], 
117 (1926). 
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53 SIEVERTS AND LugG, Z. anorg. chem., 126, 193 (1923). 


Corrosion least evident at P (passive). 


It is also believed that certain bacteria actually con- 
sume metals, but it is more likely that this process is 
a secondaty action. The metal is probably converted 
to an oxide, hydroxide, or sulfide and then metabolized 
by the organism. 

17. Cathodic Metals—-When more noble metals, 
other than impurities or precipitated metals, are present 
with another metal in a medium, corrosion takes place 
at the expense of the less noble metal exactly as in the 
case of local action. The difference between local ac- 
tion and the presence of two dissimilar metals resides 
only in the greater electrical resistance between the two 
bodies in the latter case. The conductivity of the 
medium is, then, the factor determining how great this 
influence shall be. It is obvious that if an iron and a 
copper strip are separated by a few inches the iron will 
be more subject to corrosion than if they had been sepa- 
rated by several feet. 

It is a very poor practice, though a common one, to 
fabricate equipment out of dissimilar metals provided 
that the equipment is to be exposed to corroding media 
or fumes. Only with time and experience will people 

54 FRIEND AND Tipmus, J. Inst. Metals, 33, 19 (1925). 
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realize that such practice is most uneconomical and 
perhaps even dangerous. 

The case is well known of the ship, constructed on the 
Eastern coast, which had a Monel metal hull and vari- 
ous steel fixtures such as the rudder. Exposure to the 
salt water made short work of the less noble steel, and 
the ship was never sailed.*” In England and on the 
Continent it is sometimes the practice to introduce 
aluminum strips into milk pasteurizing equipment made 
of nickel, tinned iron, etc., so that the less noble alumi- 
num strips are corroded rather than the equipment itself. 

18. Stray Currents.—Corrosion sometimes results 
from leakage of industrial alternating or direct currents. 
These currents are called stray currents (vagabundier- 
ende Strome). When, through poor insulation or for 
other reasons, electric currents have leaked from power 
lines such as electric railways, they constitute a poten- 
tial menace to buried metallic bodies, like gas and water 
mains, as well as to the power circuit itself. 

If the current is direct current the flow of electrons 
will be from anode to cathode; that is, corrosion will 
take place where the electrons are leaving. Corrosion 
will then take place where the electrons are leaving the 
main power circuit and where they leave the buried 
metallic conductors. Figure 2 demonstrates this state. 

In the case of stray alternating currents the situation 
is more complicated, but the theory is the same. The 
reversal of current tends to re-deposit the dissolved 
metal; hence corrosion is not always so severe as in 
direct-current electrolysis. Theoretically, all the 
metal which has gone into solution should be re-de- 
posited on the next reversal of current; actually, how- 
ever, this does not take place. Electroplating and 
electrorefining experts are well acquainted with the 


57 WaTTS AND Knapp, Trans. Am. Electrochem. Soc., 39, 160 
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FIGURE 2.—STRAY CURRENT CORROSION 


fact that with metals above hydrogen, normal anodic 
reactions are generally more complete, according to 
Faraday’s laws, than normal cathodic reactions. 
Since this is true, each time a point is anodic more metal 
will go into solution (corrode) than will re-deposit when 
the metal is cathodic. 


THE CORROSION PROBLEM 


Too often a corrosion problem is complicated by the 
influence of so many factors that it is difficult even to 
isolate the factor of greatest weight. An alloy may 
“test” well against certain media under certain con- 
trolled conditions and yet when applied to practical 
use under almost identical influences may prove worth- 
less. The frequency of such results has led to many 
doubts concerning the value of laboratory tests in rela- 
tion to the future, applied uses of the metal tested. In 
the next paper, therefore, the author proposes to present 
the methods of testing and the methods of corrosion 
protection. 


(Part III will appear in the May issue.) 
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In response to numerous inquiries the editorial office is pleased to announce that an agreement has been reached 


with Miss Weeks whereby we are permitted to invite subscriptions for a projected edition of bound 


collected reprints of her series of articles on “The Discovery of the Elements.” Those to 


whom this announcement is of interest will find details set forth on page XI. 





GEORGE M. BROWNE 


J. W. NECKERS 


Southern Illinois State Teachers’ College, Carbondale, Illinois 


The accompanying article presents a review of the at- 
tainments of George M. Browne who has lately been given 
the rank of professor-emeritus at Southern Illinois 
State Teachers’ College after having devoted over .forty 
years to the teaching of chemistry. During the thirty 
years he spent at the above-named institution he succeeded 
in building up a chemistry department which 1s the equal 
of any in a teachers’ college in this country. 


+++ oo + 


HE first three decades of the twentieth century have 

witnessed an unprecedented development in this 

country in the field of chemistry. American re- 
search laboratories, as judged 
by both the quality and quan- 
tity of their contributions, 
have been conceded a fore- 
most place in the scientific 
world, and the enormous 
output of chemical products 
places this science in a prom- 
inent position in the indus- 
trial world. 

A progress just as great, 
although not the object of 
so much attention, has been 
accomplished in the realm of 
the teaching of chemistry, 
and undoubtedly has done 
much to supply one prereq- 
uisite for the advances in 
other fields. 

One of the participants 
in this latter advance is 
Professor G. M. Browne, 
of this institution, who was 
retired as professor-emeri- 
tus at the close of the last 
summer session. He has 
been in active service in the 
field of chemical education 
for over forty years, and 
has witnessed and kept pace with the phenomenal expan- 
sions which have characterized the years of his service. 

Mr. Browne is not a man of wide fame, but is rather 
one of excellent reputation in his own locality. Like 
many others, he did not choose to attain prominence in 
broader fields, but year after year has faithfully pre- 
sented in his classroom the contributions and possibili- 
ties of chemistry. His students number into the thou- 
sands and it is impossible to estimate the results of his 
life work. 


GrorGE M. BROWNE 


Most of his students entered the teaching profession. 
A large majority, of course, did not teach chemistry, 
but the introduction to the science which they obtained 
under him furnished a background of application in 
the various fields which they entered. Many of the 
chemistry majors did enter the field of chemical educa- 
tion and a considerable number of them, through their 
interest in the science as presented by their former 
teacher, felt impelled to continue their studies at ad- 
vanced schools. Their contributions may well be con- 
sidered as an added, indirect effect of Mr. Browne’s 
efforts. 

Mr. Browne is a Bay State product, having been 
born in Dana, Massachu- 
setts, on November 30, 1857. 
He received his first scho- 
lastic enlightenment in one 
of the “little red school 
houses” of that state, and 
continued at New Salem 
Academy and the Massachu- 
setts State Normal School at 
Westfield, graduating in 1881. 
From 1883 to 1885 he con- 
tinued his studies in German, 
chemistry, and physics at 
Harvard University. The 
following two years were 
spent in chemical research, in 
association with Arthur Mi- 
chael, at Tufts College, and 
the results of these investi- 
gations were reported in a 
number of publications in 
German periodicals. 

Deciding then that his 
choice of a career lay in the 
pedagogical field, he accepted 
his first teaching position 
at the Cook County Normal 
School in Chicago. Two 
years of experience in that 
position qualified him to fill an opening at the Wis- 
consin State Normal School in Oshkosh, where he 
taught chemistry and biology for eight years. At 
the end of that period, he was appointed associate 
in chemistry, biology, and geology at this institution, 
and has continued here for the past thirty years. 
In 1913 a readjustment occurred, and at that time he 
was appointed head of the newly organized department 
of chemistry, which position he held until shortly be- 
fore his retirement. 
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In the years of his incumbency, he has witnessed, not 
only the twentieth-century advance of chemistry but 
also the rapid growth of the teachers’ college in the 
educational field. At first quantitative analysis was 
the most advanced college course offered in this college, 
for twenty years ago only fourteen students above high- 
school rank were registered. 

Through the succeeding years this number has multi- 
plied many times, until last term sixteen hundred 
ninety-four students of college rank have been enrolled 
here. Mr. Browne accommodated himself to the 
constant readjustment required by this growth, and 
built up a department offering a full four-year course 
to meet the demands for more specialized instruction. 
The fulfilment of his dreams was accomplished three 
years ago when the department moved into new, 
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modern chemical laboratories which easily accommo- 
date the three hundred forty-nine students who are 
taking chemistry at the present time. 

His interest in chemistry as a science is attested by 
the fact that he has long been a member of the American 
Chemical Society; his interest in the pedagogical 
possibilities of the science explains his being a charter 
subscriber as well as a contributor to the JOURNAL OF 
CHEMICAL EpucaTION. His collection of current 
chemical literature is extensive; much of it he donated 
to the departmental library upon his retirement. In- 
cluded in this contribution was his complete set of the 
JOURNAL OF CHEMICAL EpucaATION, which remains a 
constant reminder of the efforts and attainments of 
Professor G. M. Browne, the first head of the chemistry 
department at Southern Illinois State Teachers’ College. 





The DISCOVERY of the 
ELEMENTS. CHRONOLOGY 


MARY ELVIRA WEEKS 


The University of Kansas, Lawrence, Kansas 


SEVENTEENTH CENTURY 


Jan. 25, 1627 Birth of Robert Boyle in Ireland. 
pendent discoverer of phosphorus. 

1630 Birth of Johann Kunckel, early writer on phos- 
phorus. 

1637 A Chinese book entitled “Tien kong kai ou” 
describes the metallurgy and uses of zinc. 

1645 Birth of Dr. John Mayow in London. 
of an early theory of combustion. 

1649 Schréder describes two methods of preparing 
metallic arsenic. 

1665 Robert Hooke gives a theory of combustion 
in his book “‘Micrographia.”’ 

1669 Dr. John Mayow recognizes that the air has 
two constituents. : 

1669 The alchemist Brand of Hamburg discovers 
phosphorus. 

1679 Death of Dr. Mayow. 

1691 Death of Robert Boyle. 

June 26, 1694 Birth of Georg Brandt, the discoverer 
of cobalt, at Riddarhytta, Vestmanland, Sweden. 


Inde- 


Author 


EIGHTEENTH CENTURY 


1700 Lémery describes hydrogen. 

1701 Turquet de Mayerne mentions the inflamma- 
bility of hydrogen. 

1702 Death of Kunckel. ‘ 

Mar. 3, 1709 Birth of Andreas Sigismund Marggraf 
at Berlin. 


Dec. 23, 1722 Birth of Axel Friedrich Cronstedt, the 
discoverer of nickel, at S6dermanland, Sweden. 

Oct. 10, 1731 Birth of Sir Henry Cavendish at Nice. 

Mar. 13, 1733 (old style) Birth of Joseph Priestley at 
Fieldhead, near Leeds. 

1735 Georg Brandt isolates cobalt. 

1737 Hellot prepares a button of metallic bismuth 
and makes public the secret process for preparing 
phosphorus. 

1740 J. H. Pott states that pyrolusite contains the 
oxide of a new metal. 

June 1, 1740 Birth of Miiller von Reichenstein, the 
discoverer of tellurium, at Vienna. 

1740-1 Charles Wood finds platinum in Carthagena, 
New Spain. 

Dec. 9, 1742 Birth of Carl Wilhelm Scheele at Stral- 
sund, Swedish Pomerania. 

Aug. 26, 1743 Birth of Lavoisier in Paris. 

Dec. 1, 1743 Birth of Martin Heinrich Klaproth at 
Wernigerode in the Harz. One of the first to investi- 
gate uranium, titanium, and cerium. 

Aug. 19, 1745 Birth of Johann Gottlieb Gahn, the 
discoverer of manganese, at Voxna, South Helsing- 
land, Sweden. 

1746 Marggraf prepares metallic zinc by reduction 
of calamine. 

Oct. 2, 1746 Birth of Peter Jacob Hjelm, the discoverer 
of molybdenum, at Sunnerbo Harad, Sweden. 

1748 Don Antonio de Ulloa describes platinum. 
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Nov. 3, 1749 Birth of Daniel Rutherford, the dis- 
coverer of nitrogen, at Edinburgh. 

1750 Dr. William Brownrigg describes platinum. 

1753 Geoffroy the Younger publishes his treatise on 
“The Chemical Analysis of Bismuth.” 

1754 Cronstedt isolates nickel. 

1755 Birth of Don Fausto d’Elhujar at Logrofio, 


Spain. With his brother, Don Juan José, he isolated 
tungsten. 
1755 Dr. Joseph Black of Edinburgh recognizes 


magnesia alba to be distinct from lime. 

1759 Marggraf independently recognizes the distinc- 
tion between magnesia and lime. , 

June 5, 1760 Birth of Johann Gadolin, the discoverer 
of yttria, at Abo, Finland. 

Nov. 30, 1761 Birth of Smithson Tennant, the dis- 
coverer of osmium and iridium, at Wensleydale, 
Yorkshire. 

1762 Birth of the Reverend William Gregor, the dis- 
coverer of titanium, in Cornwall. 

May 16, 1763 Birth of L. N. Vauquelin, the discoverer 
of chromium and beryllium, at St. André des Ber- 
teaux. 

About 1765 Birth of Charles Hatchett, the discoverer 
of columbium (niobium). 

Aug. 19, 1765 Death of Cronstedt at Stockholm. 

Nov. 10, 1765 Birth of Andres Manuel del Rio, the 
discoverer of “erythronium” (vanadium), in Spain. 

Aug. 6, 1766 Birth of Dr. William Hyde Wollaston, 
the discoverer of palladium and rhodium, at East 
Dereham, Norfolkshire. 

Dec. 28, 1766 Birth of Wilhelm Hisinger, the dis- 
coverer of the earth ceria. Berzelius, Hisinger, and 
Klaproth all investigated this earth, the latter inde- 
pendently. 

Jan. 16, 1767 Birth of Anders Gustaf Ekeberg, the 
discoverer of tantalum, at Stockholm. 

Apr. 29, 1768 Death of Georg Brandt at Stockholm. 

1771 Scheele describes hydrofluoric acid. 

1772 Daniel Rutherford discovers nitrogen. (Scheele, 
Priestley, and Cavendish discover it independently 
at about the same time.) 

Apr., 1774 Pierre Bayen prepares oxygen by heating 
mercuric oxide. 

1774 Scheele publishes his famous treatise ‘‘Concern- 
ing Manganese and its Properties,’ which led to the 
discovery of three elements: manganese, barium, 
and chlorine. 

Aug. 1,1774 Priestley prepares oxygen. (Scheele pre- 
pared it before this, but his results were not published 
until 1777.) 

1774 Gahn isolates manganese. 

1775 Arfvedson publishes his doctor’s dissertation de- 
fending Bergman’s belief in the elementary nature of 
nickel. (This is, of course, not the Arfvedson who 
discovered lithium in 1817.) 

1775 Scheele isolates phosphorus from bones. 

Aug. 2, 1776 Birth of Friedrich Stromeyer, the dis- 

coverer of cadmium, at Géttingen. 
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Feb. 8, 1777 Birth of Bernard Courtois, the discoverer 
of iodine, at Dijon. 

1777 Lavoisier overthrows the phlogiston theory and 
demonstrates the true nature of combustion. 

May 4, 1777 Birth of Louis Jacques Thenard. 

Aug. 14, 1777 Birth of Hans Christian Oersted. 

1778 Scheele distinguishes between graphite and the 
ore then known as “‘molybdenum.”’ 

Dec. 6, 1778 Birth of Gay-Lussac. 

Dec. 17, 1778 Birth of Sir Humphry Davy at Pen- 
zance, Cornwall. 

1779 Scheele distinguishes between lime and baryta. 

Aug. 20, 1779 Birth of Berzelius at Wafversunda, 
Sweden. 

1780 Birth of J. W. Dobereiner, the discoverer of 
the “‘triads.” 

1781 Scheele discovers tungstic acid. 

1781 Hjelm isolates molybdenum. 

Aug. 7, 1782 Death of Marggraf. 

1782 Discovery of tellurium by Miiller von Reichen- 
stein. 

1783 Discovery of tungsten by the d’Elhujar brothers. 

May 21, 1786 Death of Scheele. 

June 2, 1787 Birth of Nils Gabriel Sefstrém, the dis- 
coverer of vanadium, at Ilsbo Socken, Sweden. Al- 
though vanadium is now known to be identical with 
del Rio’s “‘erythronium,”’ the latter chemist did not 
distinguish clearly between chromium and the new 
element. 

1789 Klaproth observes uranium in pitchblende, but 
does not isolate it. In the same year he discovers 
the earth zirconia. 

1790 Crawford recognizes strontia as a new earth. 

1791 The Rev. William Gregor discovers the oxide of 
a new metal, titanium. 

Jan. 12, 1792 Birth of Johann August Arfvedson, the 
discoverer of lithium, at Skagerholms-Bruk, Skara- 
borgs Lan. 

1794 Death of Lavoisier. 

1794 Gadolin discovers the earth yttria. 

May 29, 1794 Birth of A. A. B. Bussy at Marseilles. 
He obtained magnesium in coherent form. 

1795 Klaproth re-discovers titanium, but does not 
succeed in isolating it. 

Jan. 11, 1796 Birth of Karl Karlovich Klaus, the dis- 
coverer of ruthenium, at Dorpat, Esthonia. 

1797 Smithson Tennant proves that the diamond 
consists solely of carbon. 

Sept. 10,1797 Birth of Carl Gustav Mosander, the dis- 
coverer of lanthanum and didymium, at Kalmar, 
Sweden. 

Feb., 1798 Vauquelin recognizes beryllium (glucinum) 
and isolates chromium. Beryllium was first isolated 
in 1828 by Wohler. 

Jan. 25, 1798 Klaproth brings Miiller von Reichen- 
stein’s discovery of tellurium to the attention of 
German chemists. 

Feb. 19, 1799 Birth of Ferdinand Reich, the discoverer 

of indium, at Bernburg. 
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NINETEENTH CENTURY 


July 31, 1800 Birth of Friedrich Wohler at Eschers- 
heim, Germany. 

1801 Del Rio recognizes the presence of a new metal 
“erythronium” (vanadium) in a lead ore from Zima- 
pan, Mexico. He afterward confused it with chro- 
mium. 

1801 Hatchett observes columbium (niobium) in an 
ore from New England. 

1802 Ekeberg discovers the earth tantala. 

Sept. 30, 1802 Birth of A. J. Balard, the discoverer of 
bromine, at Montpellier. 

Mar. 17, 1803 Birth of Carl Léwig, independent dis- 
coverer of bromine. 

1803 Klaproth, Berzelius, and Hisinger analyze cerite 
and discover the earth ceria. 

1803 Wollaston discovers palladium and rhodium. 

Feb. 6, 1804 Death of Priestley at Northumberland, 
Pa. 

1804 Smithson Tennant discovers osmium and irid- 
ium. 

Oct. 6, 1807 Davy isolates potassium. A few days 
later he isolates sodium. 

1808 Davy isolates barium, strontium, calcium, and 
magnesium. 

1808 Gay-Lussac and Thenard isolate boron. 
isolates it independently. 

1809 Dr. Wollaston makes the erroneous conclusion 
that tantalum and columbium are identical. 

Feb. 24, 1810 Death of Cavendish. 

Nov. 15, 1810 Davy announces his proof of the ele- 
mentary nature of chlorine to the Royal Society. 

1811 Courtois discovers iodine. 

Mar. 24, 1811 Birth of Eugéne Melchior Péligot, the 
first to isolate uranium. 

Mar. 31 (or May 31), 1811 
Gottingen. 

Feb. 11, 1813 Death of Ekeberg at Upsala. 

Oct. 7, 1813 Death of Hjelm at Stockholm. 

1813 Clément confirms the discovery of iodine by 
Courtois. 

1814 Fraunhofer discovers the dark lines in the sun’s 
spectrum. 

1814 Gay-Lussac publishes his classical research on 
iodine. 

Feb. 22, 1815 Death of Tennant at Boulogne-sur- 
Mer. 

Jan. 1, 1817 Death of Klaproth. 

Apr. 24, 1817 Birth of Jean Galissard de Marignac, 
the discoverer of ytterbia and gadolinia, at Geneva, 
Switzerland. 

June 11, 1817 Death of William Gregor. 

1817 Arfvedson discovers lithium. 

1817 Stromeyer discovers cadmium. 

1818 Berzelius discovers selenium. 

Mar. 11, 1818 Birth of Henri Sainte-Claire Deville on 
the island of St. Thomas in the Antilles. . 

Dec. 8, 1818 Death of Gahn at Stockholm. 

Dec. 15, 1819 Death of Daniel Rutherford. 


Davy 


Birth of Robert Bunsen at 


225 


1820 Birth of Beguyer de Chancourtois, the dis- 
coverer of the ‘‘telluric screw.” 

July 15, 1820 Birth of Claude August Lamy at Néry, 
France. He prepared thallium in the metallic state. 

1823 Berzelius isolates amorphous silicon. 

Mar. 12, 1824 Birth of Gustav Kirchhoff. 

Nov. 21, 1824 Birth of Hieronymus Theodor Richter, 
the first to observe the indigo line of indium. 

1824 Berzelius isolates impure zirconium. 

1825 Oe¢crsted isolates impure aluminum. 

Oct. 12, 1825 (1826?) Death of Miiller von Reichen- 
stein at Vienna. 

1825 Berzelius prepares impure amorphous titanium. 

1825 Carl Léwig isolates bromine. 

1826 Balard isolates bromine. His results were pub- 
lished before those of Léwig. 

1827 Wohler isolates aluminum. 

1828 Wohler isolates beryllium. Bussy isolates it 
independently. 

1828 Berzelius separates the earth thoria from thor- 
ite. 

Dec. 22, 1828 Death of Dr. Wollaston in London. 

1829 Do6bereiner observes the triads. 

May 29, 1829 Death of Davy at Geneva, Switzerland. 

Nov. 15, 1829 Death of Vauquelin at the Chateau 
des Berteaux. 

1830 Sefstrém discovers vanadium. 

Aug. 19, 1830 Birth of Lothar Meyer at Varel on the 
Jade. 

1831 Bussy obtains magnesium in compact form. 
(Davy had isolated it in 1808.) 

June 17, 1832 Birth of Sir William Crookes. 

Jan. 7, 1833 Birth of Sir Henry E. Roscoe, the first to 
liberate metallic vanadium. 

Feb. 6, 1833 Death of Don Fausto d’Elhujar at 
Madrid. 

Feb. 7, 1834 Birth of Mendeléeff at Tobolsk, Siberia. 

Aug. 18, 1835 Death of Stromeyer at Gottingen. 

1837 Birth of J. A. R. Newlands, the discoverer of 
the law of octaves. 

Apr. 18, 1838 Birth of Lecoq de Boisbaudran at Cog- 
nac. 

Sept. 27, 1838 Death of Courtois in Paris. 

Dec. 26, 1838 Birth of Clemens Winkler, the dis- 
coverer of germanium, at Freiberg. 

1839 Mosander discovers lanthana. 

Feb. 10, 1840 Birth of Per Theodor Cleve, the dis- 
coverer of thulium, at Stockholm. 

May 27, 1840 Birth of Lars Fredrik Nilson, the dis- 
coverer of scandium, in Oster Gothland, Sweden. 

1841 Pé€ligot isolates uranium. 

1841 Mosander discovers didymia. 

Oct. 28, 1841 Death of J. A. Arfvedson at his Hedensé 
estate. 

Nov. 12, 1842 Birth of Robert John Strutt, Lord 
Rayleigh, at Terling, England. 

1843 Mosander separates terbia and erbia from gado- 
linite. 

1844 Klaus discovers ruthenium. 

Nov. 30, 1845 Death of Sefstrém at Stockholm. 





226 


Feb. 10, 1847 Death of Hatchett at Chelsea. 

Aug. 7, 1848 Death of Berzelius at Stockholm. 

Mar. 24, 1849 Death of Ddbereiner. 

May 23, 1849 Death of del Rio. 

May 9, 1850 Death of Gay-Lussac in Paris. 

Mar. 9, 1851 Death of Oersted. 

Jan. 1, 1852 Birth of Eugéne Anatole Demargay, the 
discoverer of europium, at Paris. 

June 28, 1852 Death of Hisinger. 

Aug. 15, 1852 Death of Gadolin. 

Sept. 28, 1852 Birth of Henri Moissan in Paris. 

Oct. 2, 1852 Birth of Sir William Ramsay at Glasgow. 

1854 Henri Sainte-Claire Deville perfects an indus- 
trial process for aluminum and prepares the first 
crystalline silicon. 

June 20, 1857 Death of Thenard. 

Sept. 1, 1858 Birth of Karl Auer, Baron von Wels- 
bach. 

Oct. 15, 1858 Death of Mosander. 

May 15, 1859 Birth of Pierre Curie. 

1860 Invention of the spectroscope by Bunsen and 
Kirchhoff. 

May 10, 1860 Bunsen and Kirchhoff announce the 
discovery of cesium. 

Feb. 23, 1861 Bunsen and Kirchhoff announce the dis- 
covery of rubidium. 

Spring, 1861 Crookes observes the green line of 
thallium. 

Spring, 1862 Lamy isolates metallic thallium. 

1862 Beguyer de Chancourtois draws his ‘‘telluric 
screw.” 

1863 Birth of P. L. T. Héroult and of Charles Martin 
Hall, independent discoverers of the electrolytic 
process for preparing metallic aluminum. 

Summer, 1863 Reich and Richter discover indium. 

1864 Newlands and Lothar Meyer independently ar- 
range the elements in series and families. 

Mar. 12, 1864 Death of Klaus. 

Nov. 7, 1867 Birth of Marie Sklodowska (Mme. 
Curie) at Warsaw, Poland. 

1868 Janssen and Lockyer independently observe 
the D; line of helium in the sun’s chromosphere. 

June 16, 1869 Roscoe announces the isolation of 
vanadium. 

1869 Lothar Meyer and Mendeléeff independently 
discover the periodic system. 

1870 Birth of B. B. Boltwood, the discoverer of 
ionium. 

Jan. 24, 1872 Birth of Morris William Travers at 
London. 

April 12, 1872 Birth of Georges Urbain, the dis- 
coverer of lutecium. 

Sept. 1, 1873 Birth of B. Smith Hopkins, the dis- 
coverer of illinium, at Owosso, Michigan. This 
element was discovered independently by Luigi 
Rolla of Florence and by the American chemists, 
Cork, James, and Fogg. 

Aug. 27, 1875 Boisbaudran discovers gallium, the 
first element to be discovered with the aid of the 
spark spectrum. 
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1876 Death of Balard. 

1878 Marignac separates ytterbia from erbia. 

Mar. 20, 1878 Death of Lamy at Paris. 

1879 Boisbaudran discovers samaria. 

1879 Nilson discovers scandium (ekaboron). 

1879 Cleve discovers holmia and thulia. The former 
had been discovered independently by Soret in 1878. 

1881 Death of Henri Sainte-Claire Deville. 

Feb. 1, 1882 Death of Bussy at Paris. 

Apr. 27, 1882 Death of Ferdinand Reich. 

Oct. 9, 1882 Death of Wohler. 

1885 Birth of Georg von Hevesy in Budapest. Co- 
discoverer with Dirk Coster of the'element hafnium. 

June 18, 1885 Auer von Welsbach announces his 
separation of didymia into praseodymia and neo- 
dymia. 

1886 Death of Beguyer de Chancourtois. 

1886 Boisbaudran discovers dysprosia and gadolinia, 
but finds that the latter is identical with an oxide 
discovered by Marignac in 1880. 

Feb. 6, 1886 Winkler discovers germanium. 

Feb. 23, 1886 Charles Martin Hall produces electro- 
lytic aluminum. Dr. Héroult made the same dis- 
covery independently a few weeks later. 

June 26, 1886 Moissan isolates fluorine. 

Oct. 16, 1887 Death of Kirchhoff. 

Nov. 23, 1887 Birth of Moseley at Weymouth, En- 
gland. 

1890 Death of Péligot in Paris. 

1892 Lord Rayleigh finds that atmospheric nitrogen 
is heavier than nitrogen from the decomposition of 
ammonia. 

1894 Ramsay and Rayleigh announce the discovery of 
argon. 

Apr. 15, 1894 Death of Marignac. 

1895 Ramsay and Cleve independently discover 
helium. 

Apr. 11, 1895 Death of Lothar Meyer. 

May 30, 1898 Ramsay and Travers discover krypton. 

June, 1898 Ramsay and Travers discover neon. 

July 12, 1898 Ramsay and Travers discover xenon. 

July, 1898 Mme. Curie discovers polonium. 

July 29, 1898 Death of J. A. R. Newlands. 

Sept. 25, 1898 Death of Hieronymus Richter. 

Dec., 1898 M. and Mme. Curie discover radium. 

1898 Mme. Curie and G. C. Schmidt independently 
discover the radioactivity of thorium. 

May 14, 1899 Death of Nilson. 

Aug. 16, 1899 Death of Bunsen. 

1899 Debierne discovers actinium. 


TWENTIETH CENTURY 


Dorn discovers radon (radium emanation). 

Sir William Crookes discovers uranium X). 

1901 Demargay discovers europium. 

1902 Rutherford and Soddy discover thorium X. 

Oct. 8, 1904 Death of Winkler. 

1904 Death of Demarcay at Paris. 

1904-5 Giesel and Godlewski independently dis- 
cover actinium X. 


1900 
1900 
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1905 Hahn discovers radiothorium and mesothorium 
i 

June 18, 1905 Death of Cleve at Upsala. 

1906 Hahn discovers radio-actinium. 

Apr. 19, 1906 Death of Pierre Curie. 

1907 Boltwood discovers ionium. This element was 
independently discovered by Hahn and Marckwald. 

Feb. 2, 1907 Death of Mendeléeff. 

Feb. 20, 1907 Death of Moissan. 

1907 Urbain discovers lutecium. 

1907 Von Bolton prepares a columbium regulus. 

1910 Mme. Curie and M. Debierne isolate radium 
metal. 

1910 M. A. Hunter prepares titanium 99.9% pure. 

1911 Antonoff discovers uranium Y. 

May 28, 1912 Death of Boisbaudran. 

1913 Fajans and Gohring discover uranium Xe 
(element 91, eka-tantalum). 

Dec., 1913, and Apr., 1914 Moseley publishes his 
papers on “The High Frequency Spectra of the 
Elements.” 

1914 T. W. Richards discovers a radioactive isotope 
of lead. 

1914 Death of P. L. T. Héroult and C. M. Hall. 

Aug. 10, 1915 Moseley killed at the Dardanelles. 

Dec. 18, 1915 Death of Sir Henry E. Roscoe. 

July 23, 1916 Death of Ramsay. 

1917 Hahn and Meitner discover protoactinium. 
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Soddy and Cranston discover it independently. 

Apr. 4, 1919 Death of Sir William Crookes. 

June 30, 1919 Death of Lord Rayleigh. 

1921 Hahn discovers uranium Z. 

Jan., 1923 Coster and Hevesy discover hafnium 
(element 72). 

June, 1924 Noddack, Tacke, and Berg discover ma- 
surium and rhenium (elements 43 and 75). 

1925 Heyrovsky and DolejSek of Prague and Loring 
and Druce in England independently discover ele- 
ment 75 in manganese salts. 

June, 1926 Hopkins, Harris, and Yntema announce 
the discovery of illinium (element 61). 

Nov., 1926 Rolla and Fernandes announce the dis- 
covery of element 61, their preliminary results having 
been deposited in June, 1924, as a sealed package 
with the Reale Accademia dei Lincet. 

1927 Death of Boltwood. 

Aug. 5, 1929 Death of Auer von Welsbach at Wels- 
bach Castle in Carinthia. 

1930 Allison and Murphy announce the discovery 
of element 87 (virginium), as a result of their mag- 
neto-optic method of analysis. 

May, 1931 Allison, Murphy, Bishop, and Sommer 
announce the discovery of element 85 (alabamine). 

Oct., 1931 Papish and Wainer obtain spectroscopic 
evidence of element 87. 


(Part XXI will appear in the May issue.) 
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AcTINIuM, Ac. A radioactive element with light-sensi- 
tive compounds, discovered by Debierne in 1899 
and independently by Giesel in 1902. The name is 
derived from the Greek, aris, dxr vos, for beam or ray. 

ALABAMINE, Ab. Element 85, also known as eka-io- 
dine. Discovered in 1931 by Dr. Fred Allison and 
co-workers of the Alabama Polytechnic Institute. 
So-called in honor of the state of Alabama. 

ALUMINUM, Al. The early Romans applied the term 
alumen to any substance with a stringent taste. In 
the Middle Ages, the double salt, obtained from the 
mineral (now known as alunite), was called alum. 
F. Wohler, in 1827, was the first to prepare the metal, 
in powdered form, from aluminum chloride obtained 
from alum. The metal was at first called alumium 
by Davy,. who later changed the name to aluminum. 
The name aluminium is preferred by many chemists 


of the United States and Great Britain. The com- 
mercial name of the element is aluminum. 

Antimony, Sd. Berthelot believes that the metal was 
known to the ancient Chaldeans. The mineral stib- 
nite has been known for hundreds of years in the East. 
The powdered substance was used in medicine as an 
eye salve and also for the blackening of the eyebrows 
and eyelashes. The mineral is often referred to in 
the Arabian Nights’ Entertainments as kohl. The 
Latins called it stibium, after the Greek, orif., the 
word for mark, since the mineral was used as a pig- 
ment. Basilius Valentinus, in 1450, made mention 
of the preparation and properties of the metal itself. 
The metal was also described about 1520 by Birin- 
guccio. The word stibium was changed by Geber to 
antimonium. ‘This is probably based on the Greek 
expression, dvri yovos, against one. A possible reason 
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for the use of this name may be found in the follow- 
ing sentences by Valentinus: ‘‘He who would write of 
antimony needs a great consideration and a most 


ample mind. . . . Ina word, one man’s life is - 


too short to be perfectly acquainted with all its mys- 
teries.”’ 

ARGON, A. Discovered in 1895 among the gases of the 
atmosphere by Ramsay and Rayleigh. So named 
by them after the Greek dpyév, inactive, because of 
the element’s incapacity for combining with other 
elements. 

ARSENIC, As. The ancients were familiar with the 
minerals, realgar and orpiment. Dioscorides and 
Theophrastus, early Greek writers, were familiar 
with the powerful medicinal properties of orpiment. 
They called it dpoenxdy after the Greek appny for 
male or potent. The Latins later called it arsenicum. 
It is believed that Albertus Magnus, about 1250, 
obtained the metal in pure form, but this is uncertain. 

BariuM, Ba. Scheele, in 1774, while examining manga- 
nese ores, discovered a new earth different from chalk. 
In 1779, Guyton de Morveau proposed the name 
barote for this earth owing to its great weight. This 
name was changed by Lavoisier to baryta. (The 
Greek word for heavy is Bapvs.) Davy, in 1808, iso- 
lated the metal as an amalgam. Berzelius and Pon- 
tin also prepared the metal at about the same time as 
Davy. The element was called barium because of its 
presence in barytes. 

BERYLLIUM, Be; (GLucrinum, G/). In 1797, Vauquelin 
isolated the oxide of a new element in the mineral 
beryl. The metal itself was isolated independently 
by Wohler and Bussy in 1828. Since the salts of this 
element have a sweet taste, the name glucinum was 
suggested, after the Greek y\ukus, sweet, from which 
is derived the Latinized form glucina. The gem-stone 
beryl, in which the element was originally found, was 
called Bnpvdd\os by the Greeks. This term is of un- 
certain origin and was applied by them to many 
other brilliant gem-stones. W6ohler called the new 
element beryllium because of its presence in beryl 
and this is the name commonly accepted by chemists. 

BismuTH, Bi. The ancients failed to distinguish bis- 
muth from lead and tin. Basilius Valentinus, in 
1450, called the metal wismut. Paracelsus called it 
wissmut. The Germans of the Middle Ages named it 
Weissmuth meaning white matter, probably after the 
color of the oxide. Agricola Latinized the wissmut to 
bisemutum, a term of unknown origin. In 1753, 
Claude Geoffroy showed definitely that it is an indi- 
vidual metal. 

Boron, B. The salt, borax, was exported to Central 
Europe from Central Asia long before the Middle 
Ages. This word was derived from the Arabic for 
white, borak, a name applied to many white sub- 
stances during the Middle Ages. The element was 
isolated impure in 1808 by Gay-Lussac and Thenard. 
Davy later prepared the element by the electrolysis of 
boric acid and proposed the name boracium for it. 
This was later changed to boron. 


JouRNAL OF CHEMICAL EDUCATION 


Bromine, Br. Isolated in 1826 by Balard from salts 


found in the waters of the Mediterranean Sea. The 
element was so named after the Greek word for 
stench, Bo@yos, because of the unpleasant odor of the 
liquid. Element had been discovered by Léwig in 
1825, but Balard announced his discovery prior to 
Loéwig. 


Capmium, Cd. The Greeks used the term xaduela for 


the zinc ore (now known as calamine) found on the 
shores of the Black Sea. The ancient brass workers 
found a brown dust in the flues of their furnaces 
which they called cadmia. It is possible that the 
first discovery of the ore or flue dust was made in the 
old province of Boeotia, where the mythological 
Cadmus founded the city of Thebes. Hence we have 
a probable origin of the name. Stromeyer, in 1817, 
while examining a pharmaceutical product supposed 
to contain zinc oxide, found that an impurity was 
present which proved to be a new element. Since 
this element was also found in the flue dust of zinc 
furnaces, he named it cadmia fornacum. Stromeyer 
isolated the metal somewhat later that year. 


Catcium, Ca. Compounds of calcium have been used 


for building purposes since very early times. The 
element was isolated in 1808 as an amalgam by Davy, 
and independently by Berzelius and Pontin. Davy 
stated that he was indebted to Berzelius for the iso- 
lation of the element. They called the metal calcium 
after the Latin calx, for lime and limestone, in which 
the element was found. 


CARBON, C. This element was known to the ancients 


in the form of charcoal, coal, and soot. The Latin 
word for these substances is carbo. 


Cerium, Ce. In 1803, Klaproth, simultaneously with 


Berzelius and Hisinger, discovered an earth in the 
mineral (now known as cerite) which contained a 
new element. It was Berzelius who definitely proved 
that it was an element. The planetoid Ceres had 
been discovered by Piazzi in 1801. The new element 
was called cererium in honor of the new planetoid, 
but this was soon changed to cerium. The pure 
metal was prepared by Hillebrand and Norton in 
1875. 


Cesium, Cs. This was the first metal to be discovered 


by means of the spectroscope. In 1860, Bunsen and 
Kirchhoff, while examining the mineral constituents 
of certain spring waters, discovered two bright blue 
lines near the blue strontium line. The element was 
named cesium by them after the Latin for bluish 
gray, cesius. The metal was isolated in 1882 by 
Setterberg. 


CHLORINE, C/. Discovered in 1774 by Scheele, who 


called it “‘dephlogisticated muriatic acid.’’ Berthol- 
let regarded it as a compound of muriatic acid and 
oxygen, calling it ‘‘oxygenized muriatic acid.” In 
1810-11, Davy proved the gas to be an element and 
named it chlorine after the Greek word xAwpés for 
pale green, or greenish yellow, the color of the ele- 
ment. 
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Curomium, Cr. While investigating a new mineral 
(crocoisite) from Siberia, Vauquelin, in 1797, dis- 
covered a new element. The name chromium was 
suggested by Fourcroy and Haiiy after the Greek 
word xp@ua, color, because of its colored compounds. 
In 1798, Vauquelin prepared the metal itself. 


CoBALT, Co. The term cobalt is met with in the 
writings of Basilius Valentinus, Paracelsus, and Agric- 
ola. This word was used in referring to metallic 
ores which did not yield metals when treated in the 
usual manner. This failure was attributed to the 
presence of evil spirits or goblins. The German word 
for these supernatural beings is Kobold, hence the 
name of the element. The metal was named by G. 
Brandt, who isolated it in 1735. 

Co_umsBium, Cb; (Niosrum, Nd). Discovered in 1801 
by Hatchett while working in the British Museum on 
an unknown black mineral received about 100 years 
before from the State of Connecticut in the United 
States. He named the mineral columbite and the 
element columbium, in honor of America. From the 
investigations of Wollaston in 1809, chemists believed 
that the elements columbium and tantalum were iden- 
tical. In 1846, Rose investigated the apparent simi- 
larity of these elements. He did not separate the 
acids of these elements during the course of his work. 
He was able, however, to conclude that one of these 
elements was tantalum and the other was another 
element, which he called niobium, after Niobe, daugh- 
ter of Tantalus. In 1865, Deville and Troost proved 
that niobium is identical with the columbium of 
Hatchett. Marignac, in 1866, actually separated 
columbic (niobic) and tantalic acids. The name 
columbium is the one commonly used in America, 
while niobium is that preferred by European chem- 
ists. The metal itself was first isolated in 1866 by 
Blomstrand. 

Coprer, Cu. The metal has been known from pre- 
historic times. The bronze age followed the stone 
age. According to Pliny, the Romans first obtained 
copper from the island of Cyprus, the Greek name of 
which was Kurpos. The Latin name was originally 
aes cyprium. ‘This was changed to cyprium and later 
to cuprum, which became the name of the metal. 
From this word, the present English, French, and 
German names are derived. 

Dysprosium, Dy. In 1879, Cleve, while working on 
erbia earth, discovered the earth holmia. Lecoq de 
Boisbaudran, in 1886, separated the holmia into the 
elements holmium and dysprosium. ‘The latter name 
was proposed by him after the Greek word, 
dvompdotros, hard to get at, because of the difficulties 
attending the separation of this element from the 
other earths present. The pure earth was isolated in 
1906 by Urbain. 

Erpium, Er. One of the elements obtained from the 
mineral gadolinite, which was first found in the mines 
of the town of Ytterby in Sweden. The erbia earth 
was discovered in 1843 by Mosander when he sepa- 
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rated yttria into terbia, erbia, and yttria earths. The 
element was named after the town of Ytterby. 

Europium, Eu. One of the rarest elements of the rare 
earth group. The earth samaria, discovered in 1879 
by Lecoq de Boisbaudran, was shown to consist of 
two elements, samarium and europium, by Demarcay 
in 1896. Demarcay isolated the pure earth europia 
in 1901. The element is named after the continent 
of Europe. 

FLUORINE, F. The mineral now known as fluorspar 
was called fluor lapis by Agricola in 1529. It is also 
mentioned in the writings of Basilius Valentinus. 
The mineral had long been used as a flux in metal- 
lurgy because of its low melting point. The name, 
fluor is derived from the Latin fluo, to flow. The 
existence of the element was first made known by 
Scheele in 1771 when he prepared hydrofluoric acid. 
The element was not isolated until 1886 by Moissan. 

GapDo.inium, Gd. Marignac, in 1886, isolated the ox- 
ide of a new element in the terbia earth obtained from 
the mineral samarskite. Lecoq de Boisbaudran 
named the element in honor of the Finnish chemist 
Gadolin, who, in 1794, had discovered the first of the 
rare-earth minerals (now known as gadolinite) in the 
mines of the town of Ytterby in Sweden. Very pure 
gadolinia earth was isolated in 1905 by Urbain and 
Lacombe. 

GALLIuM, Ga. In 1869, Mendeléeff predicted the pres- 
ence of a new element which he called ‘‘eka-alumi- 
num.” The element was discovered in 1875 by 
Lecog de Boisbaudran, while examining specimens of 
zinc blende. He found two new violet lines in the 
spark spectrum. He patriotically named the element 
after the Latin name for France, Gallia. Isolated 
pure in 1878 by Lecog de Boisbaudran and Jung- 
fleisch. 

GERMANIUM, Ge. The presence of this element had 
been predicted in 1869 by Mendeléeff, who called it 
“eka-silicon.”” The element was discovered by 
Winkler in 1886 in the mineral argyrodite. ‘It was 
named in honor of Germany, the Latin name of 
which was Germania. 

Gop, Au. Gold ornaments have been found in Egyp- 
tian tombs of the prehistoric Stone Age. The Latin 
word aurum, which was in use in early times, is trace- 
able to the name Aurora, Goddess of the Dawn. 
Hence, the word aurora means morning glow or 
shining dawn. The term gold is attributed to the 
Sanskrit jvalita, derived from jval, to shine. The 
Teutonic word gulth for glowing or shining metal was 
passed on to the Esthonians, who called it kuld and 
to the Lapps, who called it golle. 

Harnium, Hf. In 1911, Urbain announced that he had 
discovered a new element, which he called celtzum. 
This element has an atomic number 72, which is 
identical with that of the element hafnium, discov- 
ered in 1923 by Coster and Hevesy in zirconium 
minerals. The latter two named the element in 
honor of the city of Copenhagen, the old name of 
which was Hafnia. 
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Hevium, //e. During an eclipse of the sun, observed in 
India by Janssen in 1868, a new line was observed in 
the spectrum. Frankland and Lockyer decided that 
a new element was indicated. They suggested the 
present name after the Greek word for sun, mAs. 

‘Hillebrand, in 1889, had obtained a gas on heating the 

mineral cleveite and wrongly concluded that this 
gas was nitrogen. In 1895, Ramsay, while seeking a 
clue to compounds of argon, repeated Hillebrand’s 
experiment. He discovered the new element helium, 
which Hillebrand had thought to be nitrogen. This 
was shown to be identical with the element found in 
the chromosphere of the sun, hence the name. 

Hormium, Jo. In 1879, Cleve, while working on erbia 
earth, discovered two new elements, holmium and 
thulium. In 1886, Lecoq de Boisbaudran found the 
element dysprosium in the oxide of holmium. He 
retained the name holmium for the element which 
gave the most characteristic absorption bands of the 
old holmium of Cleve. The element was named in 
honor of the city of Stockholm, capital of Sweden, 
the Latinized form being Holmia. The pure holmia 
earth was isolated in 1911 by Holmberg. 

HyprocEN, #7. First recognized as an element in 1766 
by Cavendish. Since it burned in air to form water, 
Lavoisier named it hydrogen after the Greek, véwp, 
water, and yevns, to be born. 

Itttntum, Ji. The end fractions of neodymium and 
samarium residues by means of X-ray spectrum 
analysis indicated the presence of a new element. 
This was discovered in 1926 by Hopkins and Harris 
at the University of Illinois. Named by them in 
honor of the State of Illinois. 

INpiIuM, Jn. Discovered in 1863 by Reich and Richter 
while examining specimens of zinc blende. They 
observed two new indigo-blue lines in the spark spec- 
tra. The color of these lines suggested the name of 
the element. They later isolated the element. 

IopineE, J. Discovered in 1812 by Courtois, a manufac- 
turer of saltpeter, while investigating the products 
obtained from the ashes of kelp or seaweed. The 
name is derived from the Greek Lwdns, violet-like, 
with reference to the color of the vapor of the ele- 
ment. This name was chosen in 1814 by Gay-Lussac 
when he proved it to be an element. 

Irtp1um, Jr. Discovered in 1804 by Tennant while 
examining platinum ores. He called the element 
iridium after the Latin, zris, iridis, rainbow, because 
of the variety of colors displayed by the salt solutions 
of the element. 

Iron, Fe. Iron articles that were made about 2500- 
3000 B.c. have been found in Egypt. The Latin 
term ferrum is related to the term fir-mus, firmness. 
The English word iron is derived from the Anglo- 
Saxon iren, of unknown origin. 

Krypton, Kr. Discovered in 1898 by Ramsay and 
Travers in the residues obtained by evaporating large 
volumes of liquid air. It is so-called after the Greek 
word, xpumrés, concealed or hidden. 
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LANTHANUM, La. In 1839, Mosander, while working 
on a supposed nitrate of cerium, found what he 
thought to be an element. He called it lanthanum 
after the Greek term, \avOavev, to be hidden. In 
1843, he separated from the oxide of the so-called 
element a new element, which he called didymium 
from the Greek word, dfduyos, twin. This was later 
separated into neodymium and praseodymium. The 
metal itself was isolated in 1923 by Kremers and 
Stevens. 

Leap, Pb. The Babylonians engraved inscriptions on 
thin plates of lead. The Latin term for the metal, 
plumbum, is related to the Greek word for lead, 
uOduBSos. Lead was often confused with tin. Pliny 
called lead plumbum nigrum and tin plumbum album 
or plumbum candidum. The English name for the 
element is derived from the Anglo-Saxon /éad, of un- 
known origin. 

Litrnium, Li. Discovered in 1817 by Arfvedson in the 
minerals petalite and spodumene. At the time of its 
discovery, it was believed that the presence of the 
element was confined to the mineral kingdom. 
Hence its name, after the Greek word for stone, Af@os. 
Bunsen and Kirchhoff later disproved this belief by 
showing the presence of the element in plants. 
Bunsen and Matthiessen isolated the metal in 1855. 

Lutecium, Lu. Separated as the erbia earths with 
ytterbia in 1878 by Marignac. Urbain, in 1907, and 
von Welsbach, in 1908, independently, separated the 
ytterbia into two new elements. One of these is dis- 
cussed under ytterbium. The other element was 
named /utecium by Urbain and cassiopeium by von 
Welsbach. Since Urbain was the prior discoverer, 
the name suggested by him was adopted by the In- 
ternational Committee. The name lutecium was 
given in honor of Urbain’s native city of Paris, the 
ancient name being Lutetia Parisiorum. 

Macnesium, Mg. In 1695, Dr. Nehemiah Grew told of 
a medicinal salt found by him in a mineral spring at 
Epsom in England. This salt is the familiar Epsom 
salt. Early in the 18th century, a white basic car- 
bonate of magnesium was found in the district of 
Thessaly known as Magnesia. This material was 
known as magnesia alba. Davy, in 1808, obtained an 
impure metal by electrolysis and named it magnium. 
At that time, the terms magnesium and manganesium 
were both applied to the element manganese obtained 
from the mineral pyrolusite (magnesia nigrum). To 
avoid confusion, the term magnesium was used in 
naming the element obtained from magnesia alba and 
manganese to that obtained from magnesia nigrum. 
Bussy, in 1831, prepared the metal in the pure state. 

MANGANESE, Mn. Compounds of manganese were 
used by the Ancients to bleach glass. These com- 
pounds were known as magnes, the Latin for magnet. 
The mineral Braunstein (pyrolusite) was known as 
magnesia nigrum and was confused with magnetic 
oxide of iron. In 1740, Pott proved that the mineral 
did not contain iron. Scheele and Bergman, in 
1774, stated that the mineral was the oxide of a 
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metal different from any then known. In the same 
year, Gahn isolated the element. It was called 
manganese to distinguish it from magnesium, the ele- 
ment obtained from magnesia alba. 

Masurium, Ma. Noddack, Tacke, and Berg, in 1925, 
discovered a new element in platinum ores and in 
columbite by means of X-ray spectra examination. 
They named the element after the East Prussian 
Lakes in the region of Masuria. 

Mercury, Hg. This element was known to the ancient 
Chinese and Hindus. Aristotle called the metal 
“fluid silver” or “quicksilver.” Dioscorides, a Greek 
writer, gave a method of its preparation from cinna- 
bar. He called the metal Jéwp apyupos, liquid sil- 
ver. Pliny wrote of it as hydrargyrum, a name de- 
rived from the Greek. The ancient chemists called 
the metal mercury after the nimble messenger of the 
gods. 

MOLYBDENUM, Mo. The Greek word for lead is 
uOdvBdos. This term was used to denote any black 
mineral, such as galena, stibnite, pyrolusite, and 
graphite, which left a mark on paper. The mineral 
molybdena nitens, now known as molybdenite, was 
supposed to be identical with graphite, then known as 
plumbago or black lead. In 1778, Scheele, while 
treating some molybdenite with nitric acid, obtained 
a white residue with acid properties. He called this 
acidum molybdenae, molybdic acid. Bergman sug- 


gested to Scheele that this must be the oxide of a 


new metal. At Scheele’s suggestion, Hjelm worked 
on this oxide and, in 1782, obtained the pure metal. 

Neopymium, Nd. This was originally reported by 
Mosander in 1843 as the element didymium. In 
1885, von Welsbach separated the didymium into two 
new elements, which he named neodidymia and 
praseodidymia. These names were later changed to 
their present form. Neodymium is so-called after 
the Greek, véos diduyos, new twin. 

NEON, Ne. Isolated by Ramsay and Travers in 1898 
from residues obtained on evaporation of large vol- 
umes of liquid air. Named after the Greek word 
véos, new. 

NICKEL, Ni. The Chinese produced a natural alloy of 
copper and nickel called paktong long before the metal 
was known in Europe. In Germany, toward the 
end of the 17th century, a reddish brown ore was 
used to color glass green. This is now known as 
niccolite. The miners called it Kupfernickel or 
“false copper’’ because, although resembling copper 
ores in appearance, no copper could be obtained from 
them. In 1751, Cronstedt showed that these ores 
contained a new metal, which he therefore called 
nickel. 

NiTROGEN, NV. Discovered in 1772 by Daniel Ruther- 
ford. The gas was originally known as “mephitic 
air,’ but Lavoisier called it azote, after the Greek 
&- fwn, because of its inability to support life. On 
account of its presence in niter, Chaptal suggested the 
present name after the Greek, virpov-yevns. 
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Osmium, Os. Discovered in 1803 by Tennant. The 
name is derived from the Greek word, ofun, smell, 
because of the sharp odor of the volatile oxide. 

OxYGEN, O. First prepared by Scheele in 1771. Inde- 
pendently prepared by Priestley in 1774 who used 
methods similar to those of Scheele. Scheele did not 
publish his results until 1777; consequently, Priestley 
is credited with the discovery. Lavoisier, in his 
studies of the gas, found that on burning sulfur and 
phosphorus, and dissolving the products in water, 
acids were obtained. He concluded that the element 
was an acid producer and named it oxygen after the 
Greek, dvs (acid) and --yevns. 

PaLLaDiIuM, Pd. Discovered in 1803 by Wollaston, 
who named it in honor of the planetoid Pallas, which 
had been discovered in 1802 by Olbers. 

PuHosPHoRus, P. Discovered in 1669 by H. Brandt, 
who kept it a secret. Also independently prepared 
by Boyle and Kunckel. It was so-named because of 
its property of glowing in the dark, after the Greek, 
gwoddopos, light-bearing. 

PLatinuM, Pt. Berthelot tells of an alloy of platinum, 
gold, and iridium used to form hieroglyphics at Thebes 
in Egypt, during the 7th century B.C. Pliny refers 
to a metal aluta, which is thought to have been plati- 
num. The metal was found by the early Spaniards 
in Mexico and South America. It first attracted the 
attention of de Ulloa in 1735 while he was in South 
America. Wood, in 1741, sent a sample of the metal 
to England from South America. Watson, in 1750, 
was the first to describe it as a new semi-metal. The 
name is derived from the Spanish word latina, a 
diminutive form of the word for silver, plata. 

PoLtonium, Po. The first radioactive substance sepa- 
rated from pitch-residues in 1898 by Mme. Curie. 
She named the element in honor of Poland, the 
country of her birth. It is also known as radium F. 

Potassium, K. Sodium carbonate, which was first 
obtained from the ashes of sea plants, was confused 
with the potassium carbonate from the ashes of land 
plants. The Arabic term for both was the shortened 
term alkali, from al (the) gali, ashes of the salt wort 
(a sea plant used to make sodium carbonate). In 
1736, Duhamel du Monceau pointed out the differ- 
ence between the two substances. The term potash 
was suggested by Klaproth because of the manner of 
making this substance. The wood ashes were 
leached and the solution evaporated to dryness in 
iron pots, hence the word potash from “‘pot-ashes.”’ 
The word alkali has furnished the Latinized name of 
the element, kalium. The metal was isolated in 1807 
by Davy who named it potassium since he obtained it 
from potash. 

This element was originally re- 

ported in 1843 by Mosander as didymium. In 1885, 

von Welsbach separated the didymium into two new 

elements, neodidymia and praseodidymia. These 
names were later shortened to their present form. 

Praseodymium is derived from the Greek, mpacuos 

dfduyos, green twin, because of the pale green salts it 





forms. The metal was isolated in 1904 by Muth- 
mann and Weiss. 

PROTOACTINIUM, Pa. This element, also known as eka- 
tantalum and U-X>2, was isolated in 1917 by Hahn 
and Meitner, and independently by Soddy, from 
pitchblende residues. It is considered the missing 
link between uranium-Y and actinium. Since it is 
the parent of actinium, which it forms by the loss of 
an alpha particle, the name protoactinium was given 
to it, after the Greek word for first, tpwros. 

Rapium, Ra. Discovered in 1898 by Pierre and Marie 
Curie with G. Bemont. Named by them because of 
its tremendous ray-emitting power. after the Latin 
word for a beam or ray, radius. 

Rapon, Rn. A colorless, gaseous element which, when 
highly concentrated and at low temperatures, is 
brightly luminous. Because of its emanating power, 
it was at first suggested that the name ‘‘emanium”’ 
be given to it. The element was also known as “‘ra- 
dium emanation,” since it is emitted by the element 
radium. It was discovered in 1900 by Dorn but was 
isolated in 1908 by Ramsay and Gray, who named it 
niton, after the Latin term for shining, mitens. Since 
1923, the element has been called radon, to indicate its 
origin. 

RHENIUM, Re. Discovered in 1925 by Noddack, Tacke, 
and Berg by means of X-ray spectra examination. 
The element was found associated with masurium in 
platinum ores and in columbite. So-called after the 
Rhine Province or Rhenish Prussia. 

Ruopium, Rh. Discovered in 1803 by Wollaston in 
crude platinum ores. He named it after the Greek 
word for rose, pddov, because of the rose color of the 
dilute solutions of its salts. 

Rupipium, Rb. Discovered in 1861 by Bunsen and 
Kirchhoff by means of the spectroscope, while ex- 
amining the mineral lepidolite. In the spectrum 
were two deep red lines, lying beyond Fraunhofer’s 
line in the outermost portion of the red of the solar 
spectrum. They named the element rubidium after 
the Latin for red, rubidus. 

RUTHENIUM, Ru. In 1828, Osann announced that he 
had found three new metals in some crude platinum 
ores from the Ural Mountains. He named one of 
these ruthenium, in honor of Russia, the old name of 
which was Ruthenia. He later withdrew this claim. 
In 1845, Klaus (Claus) proved that Osann’s mixture 
of metals did contain a new element. It was not 
until then that its existence was accepted. The 
original name has been retained. 

SAMARIUM, Sa. Discovered in 1879 by Lecoq de Bois- 
baudran in the mineral samarskite. This mineral 
had been named in honor of a Russian mine official, 
Samarski. Between the years 1896 and 1900 De- 
marcay separated the supposed element samarium 
into two elements, one of which is known as samarium 
and the other europium. 

Scanpium, Sc. The presence of this element was pre- 
dicted in 1871 by Mendeléeff, who called it ‘‘eka- 
boron.” It was discovered by Nilson in 1879, while 


JOURNAL OF CHEMICAL EDUCATION 


studying the earth ytterbia obtained from the min- 
erals gadolinite and euxenite. The element was 
named by Nilson in honor of Scandinavia, to recall 
the fact that the minerals in which it had been found, 
up to that time, had been found only in that part of 
Europe. 

SELENIUM, Se. During an examination of a deposit 
formed in the lead chambers of a sulfuric acid plant, 
Berzelius, in 1817, discovered a new element. He 
thought at first that it was tellurium. Since it is 
frequently associated with tellurium (earth element) 
and because of its resemblance to it, Berzelius called 
it selenium (moon element) after the Greek word for 
moon, ceAnvn. 

S1Licon, Sz. In 1810, Berzelius announced that silica 
was the oxide of a new element, which he called 
silictum, assuming it to be a metal. This was later 
shown to be wrong and its name was changed to the 
present form. The pure element was isolated in 1823 
by Berzelius. The name is derived from the Latin 
word for flint, szlex. 

SILVER, Ag. The metal was known to the ancient 
Egyptians and is mentioned in the Bible. The Latin 
term argentum is derived from the Sanskrit word 
bright, argunas. From this is obtained the Greek 
form, apyupos, shining. The English name of the 
element is derived from the Anglo-Saxon seolfor, of 
unknown origin. 

Sopium, Na. (See Potassium.) Klaproth assigned the 
name natron to the mineral alkali found in trona. 
The English equivalent for natron is soda. The word 
soda was used in the Middle Ages to denote alkaline 
substances. The Latinized name of the element is 
natrium, from natron. The element was isolated in 
1807 by Davy, who called it sodium, a Latinized de- 
rivative of the word soda. He had used caustic soda 
in the preparation of the element. 

Strontium, Sr. Crawford, Hope, and Klaproth during 
the years 1790-93 had found that a mineral supposed 
to be witherite, contained a new earth. This was 
found in the lead mines of Strontian in England. 
This mineral was named strontianite. The element 
was isolated by Davy in 1808 and named strontium 
since it had been obtained by electrolysis of com- 
pounds obtained from this mineral. 

Sutrur, S. Pliny described the Italian and Sicilian 
sulfur deposits in detail. He mentioned its use in 
medicine and for burning purposes. In early litera- 
ture, the word sulfur was used to designate all com- 
bustible substances. In the Middle Ages, sulfur was 
known as brenne stone, combustible stone, from which 
the name brimstone is derived. The Latin name is 
either sulfur or sulpur, supposed to have been de- 
rived from the Sanskrit sulveri. Lavoisier’s investi- 
gations led to its being recognized as an element. 

TanTaLum, Ja. (See Columbium.) While analyzing 
the minerals now known as tantalite and yttro- 
tantalite, Ekeberg, in 1802, discovered a new element. 
Because of its insolubility in acids and since it had 
been such a tantalizing task to find it, he suggested 
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the name fantalum. The name recalls the Greek 
myth about Tantalus since the element ‘‘when 
placed in the midst of acids is incapable of taking any 
of them up.” 

TELLURIUM, Te. The existence of a new element had 
been suggested by the experiments of Mliiler von 
Reichenstein in 1782. He had isolated a pure metal 
from a gold ore, and thought it to be antimony. 
Upon further examination, he concluded that it was 
a new element. Bergman also believed it to be a 
new element. The discovery was overlooked for 
sixteen years until Klaproth, in 1798, confirmed the 
work of Miiller von Reichenstein and announced it to 
the public. The name is derived from the Latin, 
tellus, telluris, and signifies earth element. 

Tersium, 7b. Discovered in 1843 by Mosander, when 
he separated yttria into terbia, erbia, and yttria 
earths. Lecoq de Boisbaudran, in 1895, and Urbain 
in 1904, proved conclusively the presence of the new 
element. Pure terbia was isolated in 1905 by Ur- 
bain. It is so-called after the town of Ytterby, in 
Sweden, in the mines of which the gadolinite which 
had yielded the element was found. 

TuHattium, Tl. Discovered in 1861 by Crookes in 
selenium residues found in a sulfuric acid factory in 
the Hartz Mountains. Also found independently in 
1862 by Lamy. Crookes found a single bright green 
line in the spectrum, indicating the presence of a new 
element. The name is derived from the Greek word 


for green or budding twig, 0addos. 


TuHorium, 7h. In 1815 Berzelius found, in the mineral 
gadolinite, a new earth which he called thoria after 
Thor, the Scandinavian God of War. In 1825, he 
became convinced that this earth was a basic phos- 
phate of yttrium. In 1828, while examining the 
mineral now known as thorite, he discovered the new 
element with properties similar to the former earth 
thoria, so he transferred the name. Berzelius pre- 
pared the metal in impure state in 1829. The pure 
metal was first prepared in 1914 by Lely and Ham- 
burger. 

Tuutium, 7m. Discovered in erbia earth by Cleve in 
1879, and independently by Soret. The ancients 
called the inhabited portions of the northernmost 
part of the world (Norway, Sweden, and Iceland) by 
the name of Thule. The element was named in 
honor of this region. Pure thulia was isolated in 
1911 by James. 

Tin, Sn. This metal was known to the ancients and 
was originally thought to be identical with lead. 
The Romans, in the first century A.D., distinguished 
between the two by calling the lead plumbum nigrum, 
black lead, and the tin plumbum album, white lead. 
The tin was sometimes known as plumbum candidum. 
The word stannum or stagnum was first used by the 
Romans to indicate certain alloys containing lead, 
but was later applied to tin alone. Pliny referred to 
tin as kaccirepos, probably after the Arabic for tin, 
kasdui. This name came to be used when referring 
to the British Isles, which were known as the Cas- 
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siterides. Julius Caesar obtained tin from the mines 
in Cornwall. The English word, tin, has been passed 
down from the Anglo-Saxon. 

While examining a black, magnetic 
sand found in the Menachan Valley, in Cornwall, the 
Reverend Gregor discovered a new element. He 
suggested the name menachanite for the element. 
The mineral studied by him is now known as ilmenite. 
Klaproth, in 1795, found the element in the mineral 
rutile and proved its presence in ilmenite. He 
recommended the name éitanium, after the giants of 
Greek mythology, the Titans. He said, “In order to 
avoid giving rise to erroneous ideas, it is best to 
choose a name which means nothing in itself, when- 
ever no name can be found which indicates the pecu- 
liar and characteristic properties of a substance.” 
The pure metal was prepared in 1910 by Hunter. 


TUNGSTEN, W. Scheele, in 1781, showed that the 


mineral known as tungsten (Swedish word for ‘‘heavy 
stone’’) and thought to be an ore of tin, contained a 
peculiar acid combined with lime. He called this 
acid tungstic acid. The mineral is now known as 
scheelite. The German word Wolfram and _ its 
Latinized form wolframium are traceable to Agricola, 
who referred to the mineral wolframite as ‘‘eating up 
tin as a wolf eats up the sheep.” This expression is 
easily understood if one recalls that wolframite is 
usually associated with tin. Bergman showed the 
metallic nature of the new element. In 1784, the 
brothers d’Elhujar prepared the metal for the first 
time. 


Uranium, U. Previous to 1789, the mineral pitch- 


blende was considered an ore of zinc, iron, or tungsten. 
In that year, Klaproth isolated from the mineral an 
oxide, which he concluded was the oxide of a new 
element. He named the element uranium in honor 
of the planet Uranus which had been discovered in 
1781 by Herschel. The metal itself was first pre- 
pared in 1841 by Peligot. 


Vanapium, V.. In 1801, del Rio announced the dis- 


covery of a new metal in a lead ore (now known as 
vanadinite) from Mexico. He proposed the name 
erythronium after the Greek word for red, épvOpds, 
because the salts of the element became red when 
heated with acids. Upon further investigation by 
del Rio and others, it was concluded that the sup- 
posed new element was impure chromium. In 1831, 
Sefstrém found an unknown element in a specimen of 
very tenacious and ductile wrought iron obtained 
from a certain Swedish iron ore. Sefstrém and Ber- 
zelius named it vanadium in honor of the Scandina- 
vian Goddess of Fortune, Vanadis (surname of Freya). 
Wohler, in 1831, reéxamined the del Rio lead ore and 
proved that it contained vanadium also. The metal 
was isolated by Roscoe in 1869. 

Element 87, also known as eka-cesium. 
Discovered in 1930 by Dr. Fred Allison and co- 
workers of the Alabama Polytechnic Institute. The 
element is named in honor of the state of Virginia, in 
which Dr. Allison was born. 
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XENON, Xe. Discovered in 1898 by Ramsay and 
Travers, who obtained it from the residues on evapo- 
ration of large volumes of liquid air. The name is 
the neuter form of the Greek word for strange, 
Eévos. 

YtTERBIuM, Yb. Separated from the erbia earths in 
1878 by Marignac. Originally known as _ neo- 
ytterbia. Urbain, in 1907, and von Welsbach, in 
1908, independently, showed that the neo-yiterbia 
consisted of two elements. One of these elements is 
lutecium. The other was called neo-ytterbium by 
Urbain and aldebaranium by von Welsbach. Since 
the work of Urbain preceded that of yon Welsbach, 
he is considered the discoverer and the International 
Committee has adopted the name of yéterbium. 
This name is derived from that of the town of Ytterby 
in Sweden, in the mines of which many of the rare- 
earth minerals were first found. 

Ytrrium, Y. The yttria earths were discovered in 
1794 by Gadolin in the mineral now known as 
gadolinite. In 1843, Mosander separated these 
earths into yttria, terbia, and erbiaearths. Theele- 
ment yttrium is named by Ekeberg, in honor of the 
town of Ytterby in Sweden, in the mines of which the 
mineral gadolinite was first found. 

Zinc, Zn. The metal was unknown to the ancients, al- 

though they used zinc ores for making brass. The 
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metal may have been first prepared by the Hindus. 
Georgius Agricola mentioned the formation of 
zincum in smelting furnaces. Paracelsus, in the 16th 
century, regarded it as a semi-metal and called it 
zinken. Marggraf prepared the metal by heating 
calamine with charcoal. 

ZIRCONIUM, Zr. Klaproth, in 1789, isolated a new 
earth from the mineral zircon from Ceylon. The 
mineral is a variety of the hyacinth or jacinth known 
from earliest times. The zircon from Ceylon is often 
amber in color. The name of the mineral is probably 
derived from the Arabic zargun, gold-color. The 
Arabic term for certain types of precious stones is 
zerk, which may also be a source of the name of the 
mineral. The impure metal was first prepared by 
Berzelius in 1824 and it was not until 1914 that the 
pure metal was prepared by Lely and Hamburger. 
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The Schroder equation for solubility in an ideal solu- 
tion has in the past been applied with considerable suc- 
cess to the study of mixtures of organic compounds, but 
is not generally applicable to aqueous salt solutions. It 
is found, however, in the case of ammonium nitrate, 
that the observed solubilities of three different modifica- 
tions of the salt in water, over a range of 100 degrees, cor- 
respond closely with those calculated from the solubility 


equation. 
++ + + + + 


THE IDEAL SOLUBILITY EQUATION 


T WAS forty years ago that Schréder (1) first demon- 
strated that the solubility, expressed as mol fraction, 
of a solid in a solvent with which it forms an ideal or 
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perfect solution is independent of the particular solvent 
and depends only upon the melting point of the solute, 
its heat of fusion, and the temperature. He showed 
further that, if the change of heat of fusion with tem- 
perature, which is generally small, be neglected, the 
solubility in such a case may be expressed by an equa- 
tion which, in modern notation, takes the form 


_-Lyf/1 1 
Inn = =(3. 7. 


where N is the mol fraction of solute in the saturated 
solution at the absolute temperature T, L, is the molal 
heat of fusion of the solute, R the gas constant, and 
T,, the melting point, on the absolute scale, of pure 
solute. The same equation was derived independently 
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the following year by Le Chatelier (2). It may also 
be written in the more convenient form 

- 1 1 
oN = 758 (7-72) 

where L, must be expressed in calories per gram mol, 
and the numerical factor 4.58 is equal to 2.303R. This 
equation will be referred to hereafter in this article as 
the ideal solubility equation. 

Although the application of Schréder’s equation to 
solutions of various types was extensively discussed 
shortly afterward by Roozeboom (3), and the equation 
was employed with striking success, after a twenty- 
year interval, by Washburn and Read (4) in the calcula- 
tion of eutectic temperatures in several binary mixtures, 
it was not until after the publication of Hildebrand’s 
admirable monograph on solubility (5) in 1924 that 
the general usefulness of the relationship came to be 
fully appreciated in this country. Since that time the 
ideal solubility equation has been applied in the study 
of numerous systems (6), but especially to mixtures of 
organic compounds of similar nature, since it is among 
such cases that ideal or perfect solutions (solutions, 
that is, which follow Raoult’s law* at all temperatures 
and pressures) are most likely to be found. The effects 
on solubility of various factors that cause deviations 
from Raoult’s law, in the case of non-electrolytes, have 
also been considered extensively by Hildebrand (7) 
and others (8), (9), but these considerations are beyond 
the scope of the present discussion. 

It has long been realized that aqueous solutions, 
especially of electrolytes, do not constitute a very favor- 
able field for the application of the ideal solubility 
equation. Thus, Schréder (10) himself said: ‘‘Aque- 
ous salt solutions are not suitable for this purpose, be- 
cause the formation of hydrates, as well as the almost 
unique position of water among liquids, leaves no room 
for hope that so simple a process of solution will be 
substantiated in this case’; and Roozeboom (11) 
stated, with equal positiveness: ‘“‘The whole field of 
systems of water and salts is among those that promise 
the least reward in establishing laws of general valid- 
ity.” Hildebrand (12) again pointed out that perfect 
solutions are rarely to be expected when two polar sub- 
stances such as water and a salt are involved, especially 
because the tendency toward chemical combination is 
particularly great in such cases; and Kendall and co- 
workers (13) showed that, in the case of most salts of 
high melting point, the ideal solubility at ordinary tem- 
peratures would be far smaller than the actual value in 
aqueous solution, which can be accounted for only by 
postulating extensive hydration in such solutions. Dis- 
sociation of the solute into ions presents a further com- 
plicating factor, tending to increase the solubility, as 
has been shown by Hildebrand (14). 

In the face of all these warnings, it may seem utterly 
foolhardy to persist in attempting to apply the Schréder 

* For a complete discussion of the concept of the ideal solution 


and the significance of Raoult’s law, see reference (5), chapter 
III. 
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equation to aqueous solutions. Yet there is at least 
one instance in which this equation apparently ex- 
presses the solubility of a salt, over a temperature range 
of nearly 100 degrees, within the experimental error. 
It appears to the author that this agreement can 
scarcely be merely fortuitous, and that a discussion 
of this case may therefore be of general interest. 


THE SOLUBILITY OF AMMONIUM NITRATE IN WATER 


In the course of a recent study of the solubility of 
nitrates in acetic acid (15), comparison of the solubili- 
ties of ammonium nitrate in this solvent and in water 
accidentally revealed the fact that, in the neighborhood 
of the melting point, the water-solubility curve almost 
coincided with the curve corresponding to the ideal 
solution equation. Shortly after this observation, it 
was pointed out by Adams and Gibson (16) that aque- 
ous solutions of ammonium nitrate at 25°C. resemble 
ideal solutions more closely than do those of other com- 
mon salts, so far as their behavior toward change of 
pressure is concerned. Since, in general, solutions tend 
more nearly to follow Raoult’s law as the temperature 
increases (17), it seemed not unlikely that this par- 
ticular system might, at elevated temperatures, ap- 
proach very closely to what might be termed ideal 
behavior. 

For the purpose of comparing experimental solu- 
bilities with the theoretical course of the solubility 
curve the most suitable method of plotting the data is 
that suggested by Hildebrand (18), namely to use 
as coérdinates 1/T and log N. If the Schréder equa- 
tion is written 


log N = 753° T+ 458 'T, 


it is obvious that, plotted in this manner, the theoretical 
curve becomes a straiglit line whose slope is —L,/4.58, 


and whose intercept on the 1/T axis is 1/T,,. If such 
a line, in which the known values of L, and T,, for the 
solute under consideration are used, is drawn on the plot 
of observed solubilities, the extent of agreement between 
actual and theoretical values should be at once ap- 
parent. 

In the case of ammonium nitrate, the procedure is 
not quite so simple as the preceding paragraph implies; 
for this salt, between —18°C. and its melting point, 
169.6°C. (19), exists in four different crystalline modi- 
fications, with different heats of fusion; and, even in 
the case of the form stable up to the melting point, 
no direct calorimetric measurement of the heat of 
fusion has been reported. However, Bridgman (20) has 
calculated the heat of fusion of this last modification 
(the cubic I or ¢ form) by means of the Clapeyron 
equation, from the rate of change of melting point with 
pressure. He thus obtains the value of 6.9 kilogram- 
meters per gram; when this figure is converted into 
more familiar units it is found to be equivalent to 1300 
calories per gram mol, an unusually low value, inci- 
dentally, for a salt. Further, the temperatures and 
heats of transition between each pair of successive 





JOURNAL OF CHEMICAL EDUCATION 


TABLE 1 


Transition Point to Form Stable at 
Higher Temp. 
Modification 7. 1/T 
Cubic I or e 169.6 0.002259 
Tetragonal II or 6 125.2 0.002511 
Orthorhombic III or y 84.2 0.002799 
Orthorhombic IV or 8 32.3 0.003274 


forms are known, and have been conveniently tabu- 
lated in a recent paper (21). If we assume that the 
heat of fusion of the cubic modification is independent 
of temperature (which is equivalent to neglecting the 
unknown but probably small difference in heat ca- 
pacity between the solid and the liquid forms) and add to 
it the heat of transition from the preceding modification 
(that is, the one stable in the next lower temperature 
range), we get the value 1300 + 950 = 2250 calories 
per gram mol as the heat of fusion of the tetragonal 
II or 6 modification. In a similar manner approximate 
values of the heats of fusion of the other two forms can 
be found, although it must be noted that these figures 
become ‘ess reliable the lower the temperature to 
which they apply. The temperatures and heats of 
transition, and the approximate heats of fusion of the 
various forms, are shown in Table I. 

In this case, evidently, the ideal solubility curve is 
not a single straight line, but a series of four lines, with 
the ‘‘breaks”’ or changes of slope occurring at the transi- 
tion temperatures; the equations for these lines can 
readily be calculated from the data just discussed, 
and have been included in the table. It may be of 
interest to note that, in the equation for modification 
II, when log N = 0, (N = 1), 1/T = 1/T,, = 0.002364, 
or 7,, = 423°. This indicates that if the II or 6 form 
of ammonium nitrate could be melted without under- 
going transition to the ¢ form, its melting point would 
be 150°C., a figure which does not greatly differ from 
that of 155-156°C. obtained by Early and Lowry (22) 
by the extrapolation of an experimental freezing-point 
curve. 
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LZ. 
SoLUBILITY OF AMMONIUM NITRATE IN WATER AT 170 To 50°C. 


Ideat Solubility 
Heat of Fusion Equation 
cal./gram mol log N = 
aoe 1300 0.642-284/T 
950 2250 1.161-491/T 
420 2670 
400 3070 


Heat of Transition 
cal./gram mol 


1.419-583/T 
1.704-670/T 


The actual solubility of ammonium nitrate in water, 
from the melting point down to 50°C., is compared with 
the theoretical or ideal solubility in the accompanying 
figure. - Here the circles represent experimental values 
as given in ‘‘International Critical Tables” (23), while 
the straight lines correspond to the equations given 
above for the I, II, and III modifications of the salt. 
It will be observed that, down to a temperature of 
about 70°C., the agreement is quite close, probably 
within the experimental error of the solubility deter- 
minations. We thus have a case where the ideal solu- 
bility equation is apparently valid for an aqueous salt 
solution over a temperature range of 100°, or for a con- 
centration range from pure salt to a solution in which 
the mol fraction of solute is 0.53. 

At temperatures below 70°C., the actual solubilities 
are greater than the ideal, the divergence increasing with 
decreasing temperature. There are, however, so many 
factors which would be expected to cause deviation at 
these low temperatures from the simple linear rela- 
tionship between log N and 1/7, that the extension of 
the plot beyond the limit of the figure would have had 
little significance. Among these disturbing factors 
may be mentioned the unknown variation of L, with 
temperature, the association of the solvent (24) and 
the dissociation of the ammonium nitrate into ions. 
Indeed, in view of all these factors, it is remarkable that 
the theoretical concentration of a saturated solution 
at 25°C., 28.6 mol per cent. of ammonium nitrate, 
or 22.2 molal, does not differ more widely from the 
experimental value of 32.7 mol per cent., or 27.0 molal. 
This is perhaps to be attributed to the fact that com- 
pound formation, probably the predominant cause of 
deviation in the case of most aqueous salt solutions 
(25), occurs to only a small extent in the system water- 
ammonium nitrate (26). 
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A DERIVATION of LANGMUIR’S 
ADSORPTION ISOTHERM 


PAUL G. BIRD 


Iowa State College, Ames, Iowa 


| on Langmuir! has submitted the equation: 
F i .# 


gq ab ob 
for the simple adsorption of a gas on a surface, where P 
is the pressure, g the amount of gas adsorbed by a unit 
of surface, and a and 0 are constants. The same ex- 
pression may be obtained by a different development 
based on the adsorption of an electrolyte in solution. 

Let it be assumed that at equilibrium the tendency 
of the ions to adsorb, or the adsorption force, is equal 
to the tendency of the ions to desorb, or the desorp- 
tion force. At the interface, the electrolyte concentra- 
tion will be greater than in the body of the solution. 
For this reason both the adsorbed cation and anion 
will tend to diffuse back into the body of the soiution. 
This tendency to diffuse away from the surface con- 
stitutes the desorption force. 

The adsorption force may be assumed to be propor- 
tional to the concentration of the cation in the body of 
the solution, the available or unoccupied spaces on the 
adsorbing surface, and a constant (K) depending upon 
the electrolyte and the surface. If S is the saturation 
value of a given surface, and X the number of spaces 
occupied, S minus X is the number of unoccupied 
spaces. The adsorption force then becomes equal to 
KC(S — X), where C is the concentration of the 
cation in the body of the solution. ‘ 


1 LANGMUIR, I., J. Am. Chem. Soc., 40, 1361 (1918). 


The tendency of the cation to diffuse back into the 
solution can be given as Vi(XA — C), and the desorp- 
tion force of the anion as V2(XA — C). A is the con- 
version factor which permits the product XA to be ex- 
pressed in the same terms as C. The terms V; and 
Ve represent the’diffusion pressures across the inter- 
face of the cation and anion per unit of concentration 
gradient. The term (XA — C) represents the con- 
centration gradient between the surface of the solid 
adsorbent and the body of the solution. 

The expression obtained upon equating the adsorp- 
tion force to the sum of the desorption forces is: 


KC(S — X) = Vi(XA — C) + VAXA — C) (1) 
Expanding and collecting terms, 
KCS — KCX = V,XA — ViC + V2XA — V2C (2) 
—KCX = XA(Vi + V2) — C(Vi + V2 + KS) (3) 
Dividing by X and transposing, 
C(Yi + Ve + KS)/X = KC + A(Vi + V2) or (4) 
C/X = KC/(Vi + V2 + KS) + A(Vi + V2)/(Vi + Va + KS) 


For a given set of conditions let K/A(Vi + Ve) = 
the constant a, and (V; + V2 + KS)/K = the con- 
stant b. 

By substitution the equation becomes, 


C/X = C/b + 1/ab (5) 


This is the same equation as the one given by Lang- 
muir for the adsorption of a gas. 





TEACHING ATOMIC WEIGHTS 


ERNEST A. WILDMAN 


Earlham College, Richmond, Indiana 


This paper outlines Aston’s mass-spectrographic pro- 
cedure for determining the atomic weights of complex 
elements and suggests its suitability for presentation 
in the early part of the general chemistry course. 
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URING the past few years F. W. Aston has 
modified and extended his mass-spectrographic 
procedure in such a manner that it is now a 

very accurate method for determining chemical atomic 
weights. In addition it is the simplest method in 
theory and it is, consequently, well adapted for early 
presentation in the general chemistry course. The 
traditional method of Cannizzaro has had to wait 
upon the development of a variety of other subjects 
before it could be explained. This meant that the 
student has been taught to use atomic weights in 
calculations long before he could be told how they 
were obtained, and even then, in the writer’s experience, 
only a small minority of the class has understood the 
method. The result is that, for a number of students, 


atomic weights have always remained in the class 


of fanciful speculations. 

In the fall of 1931 the writer presented the Aston 
method during the second week of the course and left 
the traditional method until the latter part of the year. 
The results were sufficiently satisfactory to lead to the 
decision to continue such an arrangemént in the future. 

All chemists are familiar with the significance of the 
mass-spectrograph as an instrument for determining 
the existence of isotopes and their masses. During 
the years from 1919 to the present its application to 
the analysis of nearly two-thirds of the elements has 
been a notable achievement. The information ob- 
tained by its use and to a smaller extent from band 
spectra and the radioactive disintegration series leave 
us at present without data for twenty-one elements 
only, including the rare earths, a few other rare ele- 
ments, and gold and platinum.* The first forty-two 
elements without exception have been examined. 
They account for eighty-five mass numbers ranging 
from 1 to 100. Of the two hundred thirty-eight in- 
teger mass numbers possible between hydrogen and 
uranium about two-thirds are now assigned to some 
kind of atom. Refinements in technic will probably 
increase this number within the next few years. The 


* F. ALLISON AND E. J. Murpny, in Phys. Rev., 36, 1097 (1980), 
reported the use of the magneto-optic method for determining 
the number of isotopes of Au, Pd, Pt, Rh, Ru, Ta, Tl, and Th. 
They found three isotopes for Ta, whereas Aston—Nature, 
130, 130 (1932)—found that Ta appears to be a simple element 
within the limits of accuracy of the present mass-spectrograph. 


recent results in the cases of hydrogen, carbon, nitro- 
gen, and oxygen give substance to this expectation. 

In 1927 Aston (1) built a new mass-spectrograph 
with which he can determine isotopic masses with an 
accuracy of 1 part in 10,000 as compared with about 1 
part in 2000 formerly. With this new instrument 
he has shown definitely that the mass numbers are 
usually not whole numbers. Nearly all have been 
found to deviate by a small amount, an amount that 
is significant as a direct measure of the “packing 
effect,” the standard for reference being the oxygen 
isotope of mass 16. 

In 1930 Aston (2) devised a photometric method for 
measuring the intensity of the lines due to each isotope, 
the accuracy of which is about 1 part in 1000. This 
gives a direct method of determining the percentage 
of each isotope of an element, which, therefore, sup- 
plants the former method of calculating it from the 
isotopic masses and the chemical atomic weight (in 
the case of elements with two isotopes only). 

It is obvious that the combination of an accurate 
method of determining isotopic masses and an accurate 
method of obtaining the percentage of each isotope 
gives data for calculating the atomic weight of an 
element. This may be illustrated by Aston’s results 
for chromium (3). He found four isotopes with integer 
mass numbers of 52, 53, 50, and 54 in the relative 
abundance of 81.6, 10.4, 4.9, and 3.1%, respectively. 
The accurately determined mass of the ‘‘52’’ isotope 
is 51.948. This is 0.052 less than the integer 52, the 
decrease in mass being ee = 0.001 part, which is the 
“packing fraction,” that is, the divergence from the 
whole-number rule divided by the atomic mass. Its 
significance is that it is a measure of the gain or loss of 
mass per proton when the nuclear packing is changed 
from that of O'* to that of the atom being examined. 
Such data are especially important in the investigation 
of nuclear structure. 

The same packing fraction may safely be applied 
to the other three isotopes and so the corresponding 
amount may be deducted from the weighted average 
mass as shown below: 


Part of Atomic 
Weight Due to Each 
Component 
42.432 


Whole Number Percentage 
Designation of of Each 
Isotopic Masses Component 

52 81.6 

53 10.4 5.512 
50 4.9 2.450 
54 : . 1.674 


Weighted average mass 


Less the amount corresponding to the packing fraction... 0.052 


Atomic weight on basis of O18 


238 
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This value would stand as it is if it were not for the 
fact that, unfortunately, the chemical atomic weights 
have been referred to the oxygen isotopic mixture as 
the standard whereas Aston’s results are determined 
with respect to the ‘‘16” isotope. This means that the 
chemical atomic weights are smaller by an amount 
corresponding to the amounts of O!” and O}8 in the 
natural mixture, an amount estimated by Mecke and 
Childs (12) as 2.2 parts in 10,000 and confirmed by 
Aston (13) since the publication of his data on chro- 
mium (3). Upon applying the correction the result 
is 52.0046 which agrees very closely with the accepted 
weight of 52.01 as determined by chemical methods. 
For the usual chemical purposes the transfer to the 
traditional chemical standard has little practical 
significance, but it is of consequence to physicists 
and it has a theoretical importance in the teaching of 
chemistry. 

The simplicity of this method and of the calculation 
involved is emphasized by contrasting it with such a 
scheme as that outlined in Table 1, which summarizes 
the many steps that the student must keep in mind 
in order to understand fully the Cannizzaro procedure. 
Little wonder that most students do not grasp it! 

TABLE 1 
Molecules of 
common gases 
diatomic. 


| Avogadro’s 
| law 


Molecular 
weights 

of gases 
and 
volatile 
substances 
G. M. V. 


Gay-Lussac’s 
Law 


Approximate 
atomic 

Vapor Density Determination weights 
Dumas, Victor Meyer 





Valence 
and 
exact 
atomic 
weights 





Percentage composition 





Quantitative Analysis | 


Combining weights 


Aston’s determinations are receiving favorable at- 
tention on the part of the committees on atomic weights. 
In 1929 the American committee (6) changed the value 
for hydrogen to 1.0078 (previously 1.008) largely 
upon the evidence of the mass-spectrograph. In the 
same year the English committee’s table (7) contained 
Aston’s results for nine elements, all of which were 
at that time thought to be simple. In 1930 the Ameri- 
can committee (8) lowered the atomic weight of arsenic 
so as to conform to a new chemical determination 
that was in close agreement with the mass-spectro- 
graph result. In 1931 the first report of the Committee 
on Atomic Weights of the International Union of 
Chemistry (9) included the detailed results of Aston’s 
determinations in the case of seven complex elements, 
although they were not included in the table. It 
called attention to the discrepancies shown by him 
to exist in the accepted weights for krypton and xenon. 
A year later the same committee (10) changed the 
values in the table for these two elements in view of 
Aston’s findings and also of the results of other physical 
methods. ‘ 

The factor which should be used in converting mass- 
spectrograph values to the chemical standard ob- 
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viously depends upon the determination of the relative 
proportions of the isotopes of oxygen. Consequently 
it will undergo change as these ratios become more 
accurately known. The first factor, 1 part in 10,000, 
was suggested by Birge (11). The factor used during 
most of the past year is that of Naudé (4). More 
recently Mecke and Childs (12) have obtained a differ- 
ent ratio which has been confirmed by Aston (13) by 
the mass-spectrographic method and which leads to 
the factor 2.2 parts in 10,000. 

The question of changing the standard for chemical 
atomic weights, because of the present unsatisfactory 
situation, has received a large amount of attention 
(14) but it appears that for the present, at least, 
chemists will continue to use the old standard, upon 
which O'* = 15.9965, and physicists will use O'® = 16. 
It is a curious fact that the two elements that have 
been relied upon from early times as atomic weight 
standards have both been shown to be isotopic within 
the last three years although they had been thought 
to be simple since the first discovery of isotopes. 

The following is an example of the kind of presenta- 
tion of this subject that the writer suggests is suitable 
for elementary college students. In his own classes 
the students have previously been made acquainted 
with electrons, protons, electric discharges through 
gases, and atomic structure in an introductory way. 
They have not been told about isotopes. The new 
method of atomic weight determination is a logical 
part of the discussion of this subject. 


SAMPLE PRESENTATION 


Isotopes.—The smallest atoms in both size and 
weight are hydrogen atoms. They consist of just one 
proton and one electron each. The largest known atoms 
are those of uranium which contain 238 protons and 
238 electrons. These facts suggest that there may be 
238 kinds of atoms, each one differing from its numerical 
predecessor or successor by one pair of electrical units. 
Perhaps this is true although not quite all of the possi- 
bilities have been discovered. But, as has already 
been stated, there are 92 elements. The reason for the 
apparent discrepancy is that in a great many cases 
atoms with different weights ase grouped into families 
that have one set of chemical properties. The word 
“element” is used for the family as a whole. If one 
speaks of a single member he uses the term “‘isotope.”’ 

Some elements seem to be represented by only one 
isotope. They are sometimes called ‘‘pure’’ or “‘simple’’ 
elements. It may be, however, that we consider them 
so merely because of the absence of adequate informa- 
tion about them. The recent discovery of isotopes 
of oxygen, nitrogen, and carbon, after these elements 
had been thought to be simple for a long time, gives 
weight to this possibility. 

The Structure of Isotopes—The chemical properties 
of elements depend upon their atomic numbers. Conse- 
quently, all of the isotopes of an element must have 
the same atomic number. As long as this number 
remains constant the size of the nuclei of the atoms 
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may be changed without altering the chemical proper- 
ties. The way in which this is possible is evident 


from the accompanying diagrams of the isotopes of 
zinc and copper. 


Wwe 


The Determination of Isotopes——Since the isotopes 
of an element have identical chemical properties they 
cannot be distinguished or separated from each other 
by any chemical means. Physical methods are ap- 
plicable, however, since the isotopes differ in their 
relative masses. Several such methods have been 
applied to a number of elements but only partial 
separations have been accomplished in all cases except 
by the use of the “mass-spectrograph,” a method of 
“‘positive-ray analysis” that has been perfected by 
Aston of Cambridge University. It makes use of a 
modification of the Crookes tube which is so arranged 
that the positive ions are sorted out from each other 
by means of electrically charged plates. The results 
are such that one can obtain the relative masses of the 
isotopes and also the relative amounts of the isotopes 
of each mass. A more detailed description occurs 
later. 

Atomic Weights——These data make it possible to 
calculate the weighted average mass* of the mixture of 
isotopes that we call the “chemical” element. This 
weighted average mass has for many years been called 
the ‘‘atomic weight,”’ although it is only very recently 
that this method of obtaining it has come into use. 
The data and calculation are shown in the table (the 
one appearing earlier in this article). 

The masses of the isotopes have been given usually 
as whole numbers. These numbers are ratios to the 
arbitrary value 16 for the mass of an oxygen atom. 
For some unknown reason the mass of the constituent 


* A simple average would suffice if the isotopes were present 
in the same amounts. Since they are not, the mass of each 
must be weighted by multiplying by a figure that represents 
the amount of each, as in the table. 
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protons in atoms varies a small amount with each 
element from that which they have in oxygen. This 
fact has been only recently proved by means of highly 
accurate determinations made by Aston. He has 
found that the mass of the “52” isotope of chromium, 
for example, is 51.948. The difference is attributed 
to the “packing fraction.’”’ Since the other isotopes 
of chromium probably have about the same packing 
fraction we may correct the weighted average mass by 
subtracting (adding, in the case of some elements) 
this proportionate part. 

This value would stand as it is were it not for the 
fact that the old method of determining atomic weights, 
a method that depends upon the chemical properties 
of oxygen, referred them to the oxygen isotopic mix- 
ture as the standard, whereas Aston’s results are rela- 
tive to its “16” isotope. On this account the ‘‘chemical’”’ 
atomic weights are smaller than his by an amount 
corresponding to the concentration of O! and 0}8 
in the natural mixture. This causes a decrease of 2.2 
parts in 10,000 (0.00022 part) and gives the result 
52.0046. The best value that has been obtained by 
the old method is 52.01. 

This method of determining atomic weights is grad- 
ually replacing the one that was developed during the 
last century, but as yet most of the values that are 
in use were obtained by the old. procedure. On account 
of its complicated nature a description of the latter 
is deferred until later in the course. 
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SPECIAL EXERCISES jor STUDENTS 
in GENERAL CHEMISTRY 


I. The Preparation and Properties of an Alloy 


G. BRYANT BACHMAN 


The Ohio State University, Columbus, Ohio 


The preparation of Wood’s metal and the molding of 
a low-melting alloy spoon from this material provide 
stimulating experiments for first-year chemistry students 
who have sufficient interest and ability to forge ahead of 
their classmates in laboratory work. 


++ ooo te 


HE ordinary problems of teaching involve the 

instruction of students of average ability. The 
special problems involve the instruction of both 
gifted and backward students. In a first-year chem- 
istry laboratory course, especially if the class is a 
large one, certain factors cause a wide variation in the 
speed with which the assigned experiments are per- 
formed. These factors include previous training in 
the use of the hands as well as general intelligence. 
Obviously, it is pedagogically just to set the speed of 
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the course not on the basis of the rapid students nor 
on the basis of the slow students, but rather on the 
basis of the average students who make up by far the 
majority of the class. Such a plan has, however, its 
own drawbacks, not the least of which is the atrophy 
of interest on the part of the brilliant students who are 
required to repeat exercises, or at best to “do some 
more of the same kind’’ with but few variations in 
procedure. For such students it is better to have a 
few exercises of a stimulating nature that will lead 
them to make use of the surplus time at their disposal 
for learning about new subject matter that they will 
otherwise not encounter in the course. Experiments of 


this type increase their interest in chemistry and return 
to them as much or more in knowledge and experience 
than they invest in time and energy. The desire for 
knowledge is strong, but the desire for knowledge over 
and above that acquired by fellow classmates may be- 
come an overpowering urge. 

The study of alloys in elementary chemistry is neces- 
sarily limited for the most part to textbook comments. 
The high temperatures necessary for preparing most 
alloys and the mechanical devices for measuring their 
special qualities are usually not available in first-year 
laboratories. Fortunately, however, there are a few 
alloys, among them Wood’s metal, that are readily 
prepared and whose outstanding properties are easily 
observed. 

Wood’s metal may be prepared by melting together 
in a small casserole or other suitable container 30 g. of 
bismuth, 15 g. of lead, 7.5 g. of tin, and 7.5 g. of cad- 
mium, stirring constantly with a file to prevent the 
occurrence of partial oxidation before the formation of 
the alloy. When cooled this alloy is hard and crystal- 
line in nature and melts at about 60-70°C. To empha- 
size this latter property in a striking manner and at the 
same time to create a greater interest on the part of 
the student, the alloy can be cast into the form of a 
spoon. For this purpose it is necessary to prepare a 
plaster of Paris mold such as is shown in the accompany- 
ing photograph.* Once made this mold will serve for 
the making of hundreds of spoons if care is used in its 
handling. It is important not to lay the face of the 
mold down on the table top as this will soon scratch 
and mar it. Likewise, the molten metal must not be 
poured too hot or the plaster will be dehydrated and 
crumble to a powder. 

In this laboratory where many of these spoons have 
been satisfactorily made by first-year students the fol- 
lowing procedure is recommended. 

The metals are weighed and placed in separate paper 
bags by the storeroom clerks. These bags, the mold, 
several bricks to hold down the top of the mold, a small 
casserole, a metal funnel and a thermometer are placed 
in a box of suitable size. This box with one or more 
instruction sheets is passed out to the student or stu- 
dents who are performing the exercise. 


* The writer is indebted to Professor John Younger of the 
Department of Industrial Engineering of The Ohio State Uni- 
versity for the preparation of the mold shown in the accompany- 
ing photograph. 
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After the student has melted the four metals together 
according to the above description he allows the melt 
to cool until it is solid. While this takes place he ex- 
amines the mold and carefully fits it together with the 
pouring hole or ‘‘sprue’’ on top. Bricks are laid on the 
top of the mold to hold it tightly together and to pro- 
mote the formation of a more perfect spoon. The fun- 
nel is inserted in the sprue. When this has been ac- 
complished the solid alloy is again heated in the casse- 
role until it melts, the thermometer (best encased in a 
thin-walled glass tube to prevent breakage) is inserted, 
and the mass heated to a temperature of about 150°C. 
Experience has shown that this is a good pouring tem- 
perature. The liquid alloy is now poured as quickly 
as possible into the mold through the funnel, allowed 
to cool for five minutes, and then removed by separating 
the mold and gently tapping with a file on the sprue. 
The spoon is broken from the sprue and the rough edges 
removed with the aid of a sharp penknife or a metal 
file. The student is told that this spoon will melt if 
placed in a cup of good hot tea or coffee and the rest 
is left to his imagination. Needless to say the exer- 
cise seldom ends with the making of the spoon. 

The cost of the materials in each spoon runs about 
thirty-five cents. This may be defrayed by the institu- 
tion or the metal remaining after the spoon has been 
melted may be returned to the storeroom and used 
again and again by other students. In these labora- 
tories the students were almost always desirous of re- 
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taining their spoon and allowing the expense to be 
debited to their own storeroom accounts. 

In writing up the exercise the student is asked to de- 
scribe what he has done briefly and concisely. One or 
more elementary texts containing chapters on alloys 
and an encyclopedia are recommended for reading 
purposes, and several questions about alloys and eutec- 
tics are asked. The student is also asked to contribute 
anything from his own experience or from his readings 
which he believes to be of interest. It is especially 
encouraging to read a report in which a good student 
has been stimulated sufficiently to delve farther into 
the subject of alloys than is required of him. Most 
good students will do this and will often bring to light 
facts new and interesting to the instructor. One 
student presented a veritable essay on alloys known and 
used in the middle ages and before. In any event the 
otherwise wasted or misdirected energies of the more 
apt students are applied to the task of acquiring special 
knowledge in a way that is interesting to them. 


SELECTED REFERENCES 


(1) McPHERSON AND HENDERSON, “‘An elementary study of 
chemistry,” rev. ed., Ginn & Co., New York City, 1932, 
729 pp., Chap. 32, “Alloys.” 

(2) PartincTon, ‘“‘A textbook of inorganic chemistry,” 3rd ed., 
The Macmillan Co., Ltd., London, 1930, 1083 pp., Chap. 
38, ‘‘Metals and alloys.” 

(3) Any standard encyclopedia may be consulted for informa- 
tion on particular alloys or on alloys in general. 











S A PART of an experiment with carbon com- 
pounds, students in beginning chemistry were 
asked to heat various carbonates to see whether 

or not CO, could be driven off. Each test was per- 
formed by heating the carbonate in a dry test-tube 
and conducting any gas liberated into a solution of 
Ba(OH)s. A number of students reported that they 
were able to obtain CO, from NagCO; in this way. 
It was suspected that this evolution of CO: might be 
due to a reaction between the NasCO; and the Pyrex 
glass test-tube. In order to investigate this possi- 
bility, a six-inch length of iron pipe of one-half inch 
inside diameter, tightly capped at one end, was substi- 
tuted for the test-tube. The materials heated and the 
results obtained are tabulated: 


REACTION of PYREX 
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GLASS with Na,CO, 


Material Bunsen Burner Blast Lamp 
(Dull red heat) (Bright red heat) 
NazCO; (c.P.) no CO, no CO, 
Na2CO; mixed with powdered 
Pyrex glass COsevelved = hha 
Na,CO; mixed with powdered 
common glass no CO: small amount of 


CO, 


It is evident from these results that the evolution 
of CO, reported in numerous cases was due to the 
reaction of the NasCO; with the glass of the test-tube. 
It is also evident that under these conditions the more 
acidic boro-silicate glass reacts more readily than does 
common glass with Na:CO3. 




















The ANALYTICAL USES of ETHANOL’ 


G. W. FERNER ano M. G. MELLON 


Purdue University, Lafayette, Indiana 


N VARIOUS procedures in analytical chemistry 
ethyl alcohol has been used for many years. 
Although water is the analyst’s most useful solvent, 

ethanol seems to deserve consideration for second choice 
because of its desirable physical and chemical properties. 
Its boiling point of 78°C. and specific gravity of 0.78506 
(25°) make it preferable to water for some purposes. 
The substitution of an ethyl group for one hydrogen in 
water gives a compound the chemical nature of which 
is changed sufficiently from that of water to make it 
analytically useful where water is unsatisfactory; 
yet the change is small enough that the two liquids are 
miscible in all proportions, which is a fact of distinct 
analytical significance. 

Although the development of analytical uses for 
ethanol probably has an interesting history, time and 
energy have not been available to trace either this de- 
velopment or to locate all current applications of the 
compound in this field of chemistry. Such uses are 
sufficiently important and varied, however, that a 
summarization of them became desirable before begin- 
ning certain investigations in this laboratory. The 
present paper represents the result of an attempt to 
classify as many different analytical applications of 
ethanol as could be found, without expending too much 
time and effort, and to give typical examples, with 
references, to these uses. 

One encounters in a search for such information an 
instance where the usual indexes for chemical litera- 
ture are of little value, since they rarely give any indi- 
cation of the fact that alcohol is used in an analytical 
method. One must resort largely to searching page by 
page the publications where such facts may possibly be 
found. In the present case a search was made in 
various sources, as indicated in the bibliography. 
Chiefly works of reference were examined, including 
certain standard or official methods. It is obvious that 
no general search of all periodical literature could be 
made in any reasonable length of time in order to locate 
the incidental analytical uses of ethanol. In giving 
citations for the different examples of uses only one 
source is mentioned in most cases, even though the 
method may be found in several publications or in 
several places in the same publication. In general, 
it seemed desirable when possible to refer to an official 
publication, such as that of the Association of Official 
Agricultural Chemists. Applications were sought not 
only in the generally recognized divisions of quantitative 
analysis but also in such closely related fields as chemi- 
cal microscopy and metallography. . 

There were a few instances in which the reasons for 


* Presented November 17, 1932, before the Chemistry Division 
of the Indiana Academy of Science. 


using alcohol were not entirely evident. Others may 
well disagree with the authors’ classification in such 
cases. Also there may be an occasional instance in 
which the application mentioned has been superseded 
by some improvement suggested since the time of 
publication of the references examined, as no attempt 
was made to check all the uses with the latest informa- 
tion available in the periodical literature, in new edi- 
tions of works of reference, or in the hands of commit- 
tees, such as that for the revision of the Pharmacopeceia 
of the United States. 

In the following outline, in order to indicate where a 
given application may be found, there is included in 
each case the number (in italics) of the reference in the 
bibliography and the page of the reference on which the 
use is mentioned. 

OUTLINE 


A. Preparation of Materials for Analytical Work. 
1. Analytical devices 
a. Cleaning and drying liquid for apparatus 
Washing down condenser—(2), 393 
. Crucibles 
Monroe—washing (NH,)2PtCls—(15), 87 
. Collodion ultra-filter 
As solvent for negative cotton—(2), 184; (15), 424 
. Alcohol flame 
Source of “‘sulfur-free’’ heat—(17), 380 
. Levels 
Liquid for levels in balance cases 
f. Thermometers 
Liquid to fill column—(20), 254 


2. Reagents 
a. Medium for purification (preparation) 
CO,-free: NaOH—(23), 480; certain indicators—(10), 
134; (12), 67; potassium ethyl dithiocarbonate—(3), II, 
394; litmus—(3), II, 395; ouabain—(19), 479 
b. Medium for determination of specific gravity 
a’. Used alone 
b’. Used with another liquid 
Water—(2), 284; (19), 102; chloroform—(9), 200; 
(16), I, 131 
c. Liquid standard for refractive index 
Alcohol one member of a series—(3), II, 385 
d. Solvent (with or without water present) 
a’. Organic 
a”. Indicators 
Those not readily soluble in water—(4), 91; (10), 
133; (19), 493; methyl orange (25), 334; o-chrom- 
T—(25), 494; turmeric—(3), II, 397; (5), 500; 
(25), 184; (26). 
b”. Others 
a”’. Standard solutions 
Aldehyde ammonia—(25), 401; benzaldehyde— 
(25), 413; citral—(2), 353; (9), 461; (25), 414; 
furfural—(9), 77; (25), 421; salicylic acid—(2), 
387; vanillin—(25), 413. 
b”’. Ordinary reagents 
Acetylacetone—(25), 245; alizarin—(25), 139; 
alkanet—(2), 318; (5), 200; aniline sulfate— 


‘ 
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(19), 486; a-benzildioxime—(10), 316; cur- 
cumin—(10), 404; (24), 11; digitonin—(2), 
295; dimethylglyoxime—(23), 135; diphenyl- 
carbazide—(5), 500; gelatin and hematin—(2), 
75; morin—(5), 500; nitroso-dimethylaniline— 
(25), 164; oleic acid—({25), 270; oxalic acid— 
(25), 140; phenylhydrazine—(19), 249, 260; 
m-phenylenediamine—(2), 354; picric acid— 
(11), 65; quinalizarin—({10), 403; potassium 
ricinate—( 25), 143; resorcinol—{ 25), 396; tannic 
acid—(9), 581; (19), 493; urease—(25), 510, 
541; general—(3), II, 36 
b’. Inorganic 
a”. Acids 
HCl—esterification—(9), 287; etching—(11), 64; 
ruthenium chloride—(10), 291; separation of 
lithium—(23), 69; standard solution—(18), 266; 
(26); water in absolute alcohol—(25), 334 
: HC1O,—wash KCIO,—(7), 68 
HNO;—etching—(11), 63 
H2SO;—etching—{11), 68 
b”. Bases 
NH; (test solution)—(19), 486 
NaOH (saponification)—nicotine—(?), 66; (9), 
100; titer test—(2), 285; flour—(2), 228; etching 
—(11), 68 
KOH (saponification)—tristearin—(?), 298; pea- 
nut oil—(2), 296; (9), 250; creosote carbonate— 
(19), 120; unsaponifiable residue—(2), 295; (9), 
261; (19), 463 
Standard solutions: acetyl value—(2), 293; men- 
thol—(9), 465; saponification numbers—({2), 289; 
(9), 241; (14), I, 388; (19), 457; soil acidity—(18), 
266 
c”. Salts 
AgNO;—(2), 394; CaCl—(2),.4; CuCl—(25), 403; 
HgBr.-—(2), 171; (19), 186, 489; HgCl—(1), IX, 
95; (23), 208; KCI—(23), 408; KCNS—(18), 266; 
NaOC.H;—(26); (NH,)2CO;—( 23), 80; Pb(C2Hs- 
Oz)e—(19), 489; SnCl—(10), 531; etching mix- 
tures—(11), 69 
ad". Elements 
Iodine (11), 66; (14), I, 405; (15), 411 







































3. Sample 
a. Preparation 
a’, Preservation 
Viscera—( 29) 
b’. Cleaning 
Metals—(11), 61 
c’. Drying 
Meat—(1), IX, 280; (2), 237; metals—(11), 65 
ad’, Grinding 
Silicate rocks under alcohol—(10), 673 
e’. Recrystallization 
Organic acetates—(2), 295; arachidic acid—(9), 251; 
general—(3), II, 346 
f'. Digestion 
Fat in foods—(2), 231 
b. Solution 
a’. As a selective solvent (single or multiple extraction— 
concentration varying from absolute ethanol to di- 
lute aqueous solutions) 
a". Alcohol alone 
Food analysis, various constituents—(2), 132, 136, 
140, 205, 225, 252, 317, 327, 333, 334, 335, 347, 362; 
(9), 440; (13), 424; drug analysis—(19), 139-150, 
158-175, 201, 234, 244, 294, 330, 466; general 
technical analysis—(2), 103, 293; (9), 243, 247, 277, 
278, 331, 459, 475; (13), 521; (16), II, 601; (23), 
877; (25), 475 
b”, Alcoholic solution of a reagent 
Rosin—(9), 357; soluble coloring matter—(9), 
391; oil-soluble dyes—(2), 140; (9), 392; extrac- 
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tion of rubber—(9), 482; fat—(2), 198, 231, 262, 
822; (13), 193; capsicum—(2), 359 
b’. As a complete solvent 
a”. Direct solution 
a”’. Asa qualitative test of solubility 
Castor oil—(9), 263; resins—(16), II, 597; 
essential oils—(19); many U. S. P. tests of iden- 
tity and purity, such as CaCl,.2H,O—(J9), 
263, and vanillin—(14), I, 370; (19), 420; 
various compounds—(1); (21) 
b”’. For other qualitative tests 
Casein—({19), 474, CH;OH—(2), 372; 
meric—(2), 152; turpentine—(16), II, 
vanilla resins (2), 351; ,;Ti—(21), IV, 
U—(21), V, 1144; general—(1), I, 257; (3), II, 7 
c”’. For quantitative determinations (gravimetric, 
titrametric, electrolytic, or colorimetric) 
Acetylsalicylic acid—(2), 388; acid numbers— 
(9), 242, 328; (19), 427; aldehydes (2), 353; 
(9), 460; arachidic acid—(9), 251; alkaloids— 
(2), 383, 390, 404; benzoic acid (2), 129; 
(10), 142; cincophen—(19), 110; citral—(2), 
354; colors—(2), 162, 374; dyes—(1), VI, 16; 
essential oils—(19); ester number—(19), 437; 
free fatty acid—(9), 270; Hehner number—(2), 
289; (9), 248; fatty acids—(2), 292; nitrogen 
—(10), 640; phenolphthalein—(2), 401; Po- 
lenske number—(2), 291; salicylic acid—(19), 
49; spirit of camphor—(19), 351; soap—(2), 
65; sugars—(2), 118, 322; tinctures—(19), 
126, 129, 185; tolu—(19), 406; various deter- 
minations—( 21). 
b”. Saponification 
Paraffin—(9), 419; Reichert-Meissl number—(2), 
290; titer test—(9), 246 
c. Completion of preliminary reactions 
a’. Reduction 
Manganates and permanganates—(2), 109; (10), 
414, 750; (21), V, 968; (23), 550; (25), 168; pre- 
cipitation of Au and Pd by C,:H,—(21), IV, 17; 
alkali ruthenates—(21), IV, 53; OsOs—(21), IV, 
66; ceric solutions—(31) 
d. Dilution 
Aldehydes—(2), 370, 371; glycerol—(1), VI, 45; nitro- 
glycerin—(2), 395; spirit of ethyl nitrate—(19), 349; 
tincture tests—(19), 387-406; vanilla extract—(2), 351; 
wines—( 2), 374 
B. Determination of Constituents. 
1. Qualitatively 
a. Reaction of ethanol with unknown 
Acetates—(19), 440; acetyltannic acid—(19), 15; bo- 
rates—(5), 368; (10), 607; (19), 440; chromates—(5), 
452; (21), V, 953 


2. Quantitatively 
a. Separation of constituents 
a’. By precipitation 
a". To obtain desired precipitate 
a”’. Organic 
‘Alcohol precipitate’: fruits—(2), 212; foods 
—(1), IX, 262; (2), 232; gelatin—(2), 217; 
meat extracts—(1), IX, 514; proteins—(1), 
VIII, 675; vinegar—(2), 330; Bellier test— 
(9), 252 
b”’. Inorganic 
Na and K from Li—(2), 98; (10), 527; same 
from Mg—(10), 508; K from Rb and Cs—(10), 
531; KClO,—(23), 65, 67; Ca from Mg—(15), 
597; K from Na—(30) 
b”. To free solution of interfering substances 
Br and I (mineral water)—(23), 562; pectic acid 
—(2), 212; salicylic acid—(2), 125; Al salts—(21), 
V, 86 
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b’. By extraction 
a”. To obtain desired material 
“Alcohol extract”: spices—(2), 316; drugs—(19), 
466; Br and I—(24), 22; Ca from Sr and Ba—(7), 
277; (10), 490; (23), 89; Lifrom K and Na—(23), 
69; morphine—(?), 397; boric acid—(25), 136; 
Al—(21), 91; some dyes—(1), V, 446; nitrogenous 
substances—(1), IX, 313 
b”. To free residue of undesired material 
K from Na (semi-extraction)—(2), 14; (10), 519, 
533, 5384; NHs—(23), 71; different separations 
of Pt elements—(21), IV 
4. Reduction of the solubility of precipitates 
a’. Organic 
Dextrin—(2), 200, 331; (9), 422; gum and dextrin— 
(2), 867; precipitate for lead number—(9), 426, 470; 
starch—-(9), 417 
b’. Inorganic ; 
CaC.,H,0O;—(2), 205; CaSO,—(5), 507; (10), 503; 
Cu(IOs)2—(21), III, 58; MgNH.PO.-6H,O—(2), 29; 
MgC0O3-(NH,)2CO3-6H20O—(23), 80; 2NaSbO;-7H,O 
—(23), 231; (NH,)2PtCl—(23), 248; NiC,O.—(21), 
V, 145; PbCl—(23), 233, 284; PbSO,—(10), 64; 
(21), III, 451; SrC,O<—(10), 504; SrSO,—(23), 83; 
various others—(21) 
¢. Removal of adhering liquids (washing) 
a’. Precipitates 
a”. Organic 
a”’. Precipitates 
Acetanilide—(23), 501; antipyrin—(2), 389; 
benzaldehyde—(2), 356; Cu-reducing sub- 
stances—(2), 316; galactan—(?2), 121; gly- 
cogen—(2), 241; invert sugar—(2), 190; lead 
soap—(?2), 297; (9), 250; pinene—(2), 356; 
starch—( 2), 197, 241, 308 
b”’. Residues 
Cellulose—(9), 290; crude fiber—(2), 118, 321; 
(9), 395; starch—(2), 120, 335 
6”. Inorganic 
AgCl—(28); (23), 285; AgBr—(28); (2), 394; 
AgI—(28); AgCNS—(28); (23), 303; As2S;—(10), 
215; (23), 225; BaCrO.—(23), 107; BaSO.—(28); 
Bi—(23), 182; BiOCI—{10), 190; BisS;—(23), 181; 
CaC,0,-H,O—(28); CaC,H.O;—(2), 205; Cd2.P207 
—(23), 192; CdS—(21), III, 323; Cu—(21), III, 
81; CuCl—(25), 324; Cu(CNS):—(23), 187; 
HgS—(10), 174; (28); KBF,—(21), VI, 27; 
K2PtCle—{10), 519; (23), 59; 2KsCo(NOz)-- 
38H,O—(15), 841; K2NaCo(NO:)s—(23), 67; Mg- 
(CHO,).—(2), 188; MgNH,PO.6H,O—(7), 222; 
(25), 265; MoS;—(23), 264; NaMg(UOz)s(C- 
H3O2)9-6!/2H20O—(27); NaZn(U0O2)s( C2H302)9-6H2O 
—(10), 522; NasFeFs—(10), 605; (NH4)2PtCle— 
(23), 248; NiCuHuNsO.—-(28); PbCrO.—(23), 
194A; RbeSnCls and Cs,SnCls—(10), 531; Sb2S;s— 
(10), 229; Se—(23), 257; SrSO,—(10), 503; Te— 
(10), 267; TlCrO.—(10), 377; ZnNHsPO,—(10), 
835; mixed sulfides—(23), 320; others—(21). 
5’. Electrolytic deposits 
Ag—(19), 486; Bi—(23), 183; Cd—(10), 207; Cu— 
(2), 52; (9), 53; (24), III, 125; Hg—(19), 434; Ni— 
(10), 316; Sb—(23), 214; Sn—(23), 219; Zn—(19), 
436; amalgams—(21), III, 151, 386; (22), 70 
d. Acceleration of evaporation of solvent 
Cinchona alkaloids (CHCls)—(2), 390; (19), 116, 453 
e. Absorption of gases 
Benzene—(6), 338; hydrocarbon vapors—(16), I, 244; 
(17), 394 
f. Improvement of electrolytic deposits 
Reduce anodic peroxide (Ag)—(23), 287; coulometer 


(Cu)—{(8), 9 
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The EFFECT of the PRESENCE of 
PERCHLORIC ACID «tn the PROXI- 
MATE ANALYSIS of LIMESTONE 


F. H. FISH ano F. M. TAYLOR 


Virginia Polytechnic Institute, Blacksburg, Virginia 


The perchloric acid method for the dehydration of silica 
in metallurgical and ceramic materials is much more 
rapid than the corresponding procedure using hydrochloric 
acid. This follows from the elimination of a required 
evaporation to dryness and double dehydration. The 
method using perchloric acid has other advantages not 
possessed by the hydrochloric acid process. Its use in the 


proximate analysis of limestone has been limited in the 
past by the uncertain influence of the perchloric acid used 


++ + 


N THE proximate analysis of limestone the sample, 
I according to general practice, is dissolved in hydro- 

chloric acid and the silica determined following a 
double dehydration and period of baking at a tempera- 
ture of 110-130°C. using an intermediate filtration. The 
method, while accurate and general in application, is 
time-consuming and in case the determination of silica 
alone is being carried out, the use of the Willard and 
Cake method! employing perchloric acid to dehydrate 
and determine silica is found to be far more rapid. The 
rapidity of this method follows naturally from the fact 
that one dehydration only is necessary and this in 
turn is accomplished without evaporation to dryness 
and baking since boiling 70-73 per cent. perchloric acid 
alone serves to render the silicic acid anhydrous and 
insoluble. The perchloric acid method for the deter- 
mination of silica has several other advantages over the 
use of hydrochloric acid. The formation of difficultly 
soluble salts as in hydrochloric acid dehydrations does 
not result; the silica recovered is more pure in the case 
of the dolomitic or other types of limestone high in 
magnesium; and the increased cost of perchloric acid 
as compared to hydrochloric acid is of no consequence 
in relation to the saving in time resulting. The in- 
fluence of the presence of perchloric acid on the deter- 
mination of R,O;, CaO, and MgO has not been systemati- 
cally studied. The present paper has for its objective 
the study of the comparative analyses of the compo- 
nents of the filtrate from the hydrochloric acid and the 
perchloric acid dehydration of silica in the complete 
proximate analysis of limestone. 


1 WiLtvarn, H. H. ANp Cakg, W. E., ‘“‘Perchloric acid as a 
dehydrating agent in the determination of silica,’’ J. Am. Chem. 
Soc., 42, 2208-12 (1920). 


in the silica dehydration upon the remaining determina- 
tions of R203, CaO, and MgO. The present paper shows 
by comparison of the two methods that results obtained 
are strictly comparable in accuracy and favorable to the 
perchloric acid method as to speed. The analyses de- 
scribed are of particular interest to educational chemical 
laboratories since the proximate analysis of limestone is 
almost universally taken up in beginning courses of quan- 
titative analysis. 


++ + 


PROCEDURE 


In this investigation four different samples were ana- 
lyzed following both the hydrochloric acid and the per- 
chloric acid dehydration of silica and the results com- 
pared. For the regular procedure the method employed 
in the proximate analysis of limestone described in the 
standard texts was employed and need not be discussed 
further. Perchloric acid was employed in the dehydra- 
tion of silica in the comparison analyses. In each deter- 
mination four 0.5-g. samples were weighed, two of 
which were analyzed by the hydrochloric acid method 
and two by the perchloric acid method. The four 
samples were carried through simultaneously in order 
that the same conditions would apply to each. The 
perchloric acid procedure follows. 


The carefully weighed sample was placed in a 150-ml. beaker 
and a mixture of 10 ml. perchloric acid (60 per cent.) and 10 ml. 
water added. The beaker was covered with a cover glass on 
glass hooks and the contents evaporated to dense fumes of per- 
chloric acid. The hooks were then removed to prevent unneces- 
sary loss of acid and the contents boiled fifteen to twenty minutes. 
Especial care was taken not to allow the boiling contents of the 
beaker to become solid since, if this occurs, the separation of the 
silica is always incomplete. The beaker was then removed from 
the hot plate, the content diluted to four or five times its volume 
with water, heated to boiling and the silica filtered off. The resi- 
due was washed with hot, dilute hydrochloric acid and finally 
with hot water. The filter paper was dried; residues were ignited 
and weighed as SiOz. 

To the filtrate was added about 0.5 g. NH,Cl, and then it 
was heated to boiling. No bromine water need be added at this 
point as the perchloric acid present oxidizes all the ferrous iron 
to the ferric condition. The solution was then made alkaline 
with NH,OH to precipitate the R,O; and digested on the hot 
plate for a few minutes before filtering. The precipitate was 
washed with hot water, dried, ignited, and weighed as R2O;. 

The filtrate was made acid with HCl, transferred to a 250-ml. 
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volumetric flask and diluted to the mark with distilled water. 
With a pipet 50 ml. was transferred to a 400-ml. beaker, heated 
to boiling, and 15 ml. of saturated ammonium oxalate solution 
was added. The solution was rendered alkaline with NH,OH, 
cooled, and decanted through a filter into a 600-ml. beaker. The 
residue in the beaker was dissolved in hydrochloric acid, diluted 
to 100 ml., heated to boiling, and the calcium was reprecipitated 
by adding 2 ml. ammonium oxalate solution and making alkaline 
with NH,OH. The contents were cooled, filtered through the 
same filter, washed with cold water, dried, ignited, and weighed. 

The two filtrates from the calcium determination were com- 
bined, with addition of 50 ml. of concentrated nitric acid, and 
placed on the hot plate to evaporate to fumes of perchloric acid. 
This was usually done overnight as no harm is done if the con- 
tents go to dryness. The residue was dissolved in dilute HCl, 
heated, and any silica that may have accumulated was filtered 
off. To the filtrate was added with constant stirring about 2.5 
g. of ammonium acid phosphate, (NH,)2,HPO,, and sufficient 
NH,OH to just make alkaline. The precipitate was allowed to 
stand several hours, preferably overnight, then filtered, washed 
with 1:7 NH,OH, and finally once with 1:7 NH,OH containing 
10 per cent. ammonium nitrate. The precipitate was dried, 
ignited, and weighed as Mg»P,0O;. 


Since an aliquot part was taken for the calcium and 
magnesium determination, it was necessary to multiply 
the results to obtain the correct amount of each. 

Table 1 gives the results obtained by both methods. 
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formation momentarily in the hot concentrated acid of 
anhydrous perchloric acid. This anhydrous acid takes 
up water to form the more stable hydrated forms which 
boil off as such and thus displace the dehydration equi- 
librium in the direction of the removal of water. Often 
in the dehydration of silica by the usual method, the 
iron is also dehydrated, and consequently it is not 
readily dissolved when the residue is taken up with 
dilute hydrochloric acid. This results in a loss of time, 
and also the possibility of some of the undissolved iron 
remaining with the silica. This error is avoided by 
the use of perchloric acid as all the perchlorates are 
readily soluble in water. This leaves the pure silica 
uncontaminated with difficultly soluble salts. Time is 
also saved by using the filtrate from the silica deter- 
mination to carry through the remainder of the analysis, 
since it is not necessary to weigh out and dissolve a 
second sample for this part. 

The method was not conclusively studied as applied 
to cement. In this case the results would be predicted 
to be comparable but it is probably necessary to dis- 
solve the sample in hydrochloric acid and complete 
the dehydration of silica with perchloric acid. The de- 


TABLE 1 


COMPARISON OF THE RESULTS OBTAINED USING BoTH HyDROCHLORIC ACID AND PERCHLORIC ACID IN THE PROXIMATE ANALYSIS OF LIMESTONE 


(Samples exactly 0.5 g. 
Loss on 
Moisture Ignition Impure Silica 
&- g. & 
HCl 
0.0926 
0.0926 


0.1893 
0.1892 


0.0383 
0.0382 


0.0003 
0.0004 


R203 
g. 


HCl 
0.0058 
0.0060 


0.0061 
0.0059 


0.0058 
0.0055 


0.0012 
0.0012 


HC1O, 
0.0929 
0.0929 


0.1871 
0.1881 


0.0382 
0.0382 


0.0009 
0.0009 


0.1889 
0.1889 


0.1382 
0.1382 


0.2142 
0.2142 


0.1446 
0.1446 


0.0007 
0.0007 


0.0004 
0.0004 


0.0004 
0.0004 


0.0025 
0.0025 


The comparative analyses calculated from Table 1 
for sample 1 are shown in the following: 
Loss on 
Ignition 


37.78% 
37.78% 


Impure 
SiOz 
18.52% 
18.58% 


CaO 


24.85% 
24.88% 


MgO 
17.35% 
17.34% 


Moisture 


0.14% 
0.14% 


Method 


HCl 
HC1IOs 


DISCUSSION 


From a comparison of the results obtained by the 
two methods, it is seen that it makes very little, if 
any, difference which method is used so far as the actual 
results are concerned. However, the actual time con- 
sumed is very much shortened if perchloric acid is used 
as a dehydrator and the remaining components deter- 
mined in the filtrate, since the solution does not have 
to be evaporated to dryness and then baked in order 
to dehydrate the silica, and furthermore the necessity 
of a second evaporation is eliminated. The unusual 
dehydrating ability of perchloric acid? is due to the 

2 GoEHLER, O. E. AND SmiTH, G. F., ‘‘Dissociation of concen- 
trated perchloric acid during vacuum distillation at moderately 


olw pressures. New method for the preparation of anhydrous 
perchloric acid,” Ind. Eng. Chem., Anal. Ed., 3, 55 (1931). 


HCIO, 
0.0067 
0.0060 


0.0067 
0.0068 


0.0056 
0.0056 


0.0010 
0.0009 


Nos. 1, 2, and 3 are limestone; No. 4 is calcium hydrate) 


CaO MgO Recovered 
g. g. g. 
HC10,4 HC10, HCI 
0.1244 0.0866 0.4990 
0.1244 0.0868 0.4992 
0.0957 0.0684 0.4996 
0.0953 0.0690 0.4997 


0.1420 0.0995 0.4999 
0.1414 0.0998 0.4998 


0.2055 0.1468 0.5002 
0.2050 0.1467 0.5015 


HC1O,. 
0.4996 
0.4997 


0.4965 
0.4978 


0.4999 
0.4996 


0.5013 
0.5006 


HCl 


0.1240 
0.1245 


0.0950 
0.0948 


0.1418 
0.1419 


0.2055 
0.2060 


termination of silica in cement using perchloric acid 
was described by Gibson.’ 


SUMMARY 


1. The comparison has been made of the usual 
scheme as applied to the proximate analysis of lime- 
stone in which the silica is dehydrated using hydro- 
chloric acid and the subsequent determinations made 
using the hydrochloric acid solution of the residue, and 
the same scheme using perchloric acid to dehydrate 
silica and as the acid present during the remainder of 
the separations. 

2. No difference in accuracy was thus found in the 
results obtained. 

3. The perchloric acid method of dehydrating silica 
is much more rapid than the usual procedure using 
hydrochloric acid and the value of the time thus saved 
more than offsets the increase in cost due to the use 
of perchloric acid. 

3 Grsson, W. K.., ‘‘Perchloric acid method of silica analysis— 


its advantages over double evaporation,’’ Rock Products, 35, 70 
(1980). 





VISIBLE DEMONSTRATION 
of the ACTION of AUTOMATIC 
EXTRACTORS 


L. E. WARREN 


Food and Drug Administration, U. S. Dept. of Agriculture, Washington, D. C. 


F  Pesctinn: demonstration of the action of certain Experiment 1.—Place sufficient chloroform in a 
automatic extractors may be shown by thefollow- Palkin, Murray, and Watkins automatic extractor for 
ing experiments: solvents heavier than water! to allow about 50 cc. to 
@ b flow over into the Erlenmeyer flask. By means of a 
y | D iacoma I funnel pour 60 cc. of saturated salt solution into the 
inner tube. By means of pipets place 10 cc. of water 
and 0.3 cc. of iodide-iodate solution (0.10 g. of potas- 
sium iodide and 0.01 g. of potassium iodate in 10 cc. of 
water) on the surface of the salt solution. Connect 
the jacket with a condenser and heat the chloroform in 
the Erlenmeyer flask. When the solvent begins to drip 
from the condenser add a few drops of dilute sulfuric 
acid through the top of the condenser. [Iodine will be 
liberated from the solution in the inner tube of the ex- 
tractor and will color the drops of chloroform violet as 
they fall. The demonstration may be repeated by 
adding more of the iodide-iodate solution and more 
diluted sulfuric acid through the condenser. 





| 
































For solvents lighter than water the previous experi- 
ment may be varied by using benzene. This experi- 
ment is performed as follows: 


Experiment 2.—Place 50 cc. of water in a Palkin, 
Murray, and Watkins automatic extractor for solvents 
lighter than water and add about 0.3 cc. of iodide- 
iodate solution. Place 75 cc. of benzene in the Erlen- 
meyer flask and heat the solvent on a hot plate. When 
the benzene begins to drop from the condenser add 
a few drops of dilute sulfuric acid through the top of 
the condenser. Iodine will be liberated in the aqueous 
solution and will color the spray of benzene faintly 
eek violet as the solvent passes upward. The color in the 
“Soyer? z droplets may not be noticeable but it may be seen 

yy readily in the benzene layer as the solvent collects 
on the surface of the water. 


Benzo!l— ‘ 4 & 




















It is believed that these demonstrations will be use- 
ful to teachers of analytical and organic chemistry. 








Courtesy of Ind. Eng. Chem, 1 PALKIN, MURRAY, AND WATKINS, Ind. Eng. Chem., 17, 612 
PALKIN, MurRRAyY, AND WATKINS AUTOMATIC EXTRACTOR (1925). 


248 





MATHEMATICAL PROBLEM PAGE 


HIS page is offered at the suggestion of the Com- 

mittee on Mathematics of the Division of Chemical 

Education! in the hope that it may arouse interest 
in the solving of mathematical problems and that it 
may help chemists and teachers to keep pace with the 
increasing use of mathematics in the chemical litera- 
ture. It is to be tried as an experiment for three 
months, after which time it will be continued if there 
is evident demand. The solutions to each set of prob- 
lems will be published the following month. 

It is planned to give a miscellaneous selection of 
problems calling for different degrees of mathematical 
preparation. For the present it is planned to emphasize 
mathematical aspects of physical chemistry taken 
largely from current journals. Suggestions for prob- 
lems and for the conduct of the page will be appreciated 
by the editor. 


PROBLEMS 


1. During a certain storm the rainfall was 1 in. 
(2.54 cm.). 


(a) Assuming that each drop was 0.05 cc. in 
volume, how many raindrops fell on a square 
kilometer (0.386 square mile)? 

(b) Assuming for the sake of simplifying the cal- 
culation that 1 cc. of water weighs 1 g., 
how many tons? (1 kilogram = 2.20 
pounds.) 

(c) Employing the preceding assumption, how 
many molecules? 

The valence factor, w, for calcium chloride ac- 

cording to the Debye-Hiickel theory, is given by 

the expression: 


> (2 x2+1xX zy" 
ig 731 


What is the numerical value of w? 

A solution has a pH value of 4.7. What is the 
effective concentration, x, of hydrogen ions? 
In other words, if 10-4-7 = x; x =? 

Light having a wave number of 42,940 [J. Am. 
Chem. Soc., 55, 55 (1933)] corresponds to what 
value in: 





(a) wave-length in cm., 

(b) wave-length in Angstrém units, 

(c) wave-length in muy. 

(d) What is the frequency of this light? 

(e) What is the value in ergs of one quantum hav- 
ing a wave number of 42,940 cm~—!? 


1 J. Cuem. Epuc., 9, 2108 (1932). 


5. (a) Determine, approximately, the slope of line 
B in the accompanying figure from the Journal 
of the American Chemical Society [55, 218 
(1933) ]. 
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1/T X 105 
Courtesy J. Am. Chem. Soc. 


Curve A, CELL PACKED WITH PyREX TUBING. CuRVEB, 
CELL Empty 





(b) Calculate the energy of activation, EZ, in 
calories per mol by multiplying this slope by 
2.303 (the conversion factor to change logio 
to log,) and by the gas constant, 1.987. 

Taking the value of E in problem 5 as 41,500, k as 

0.00220, T as 573°K., and R as 1.987, calculate the 

value of s in the formula 


= se-E/RT 


Using the constants and formula of problem 6, 
calculate the value of k at 290°C. (563°K.) 
and check the calculation with the data of Table 
II [J. Am. Chem. Soc., 55, 219 (1933. ] 

Write the exponential equation of problem 6 as a 
logarithmic equation. 

Show how to evaluate the constants » and K in 
the formula V” = KO, by plotting the log V 
against log 0 [Ind. Eng. Chem., 25, 157 (1933) ]. 


= (A V)*r 
«= (4r + AB + Br) 
dw _ > 

i 





A, B, V are constants [J. Am. Chem. Soc., 54, 
4228 (1932) ]. 





CORRESPONDENCE 


“MERIT SYSTEM” FOR SCIENCE 
CLUBS 


To the Editor 
DEAR SIR: 


After reading your article ‘“The History and Opera- 
tion of a Chemistry Club,’ by Walter Q. Bunderman 
[J. Cuem. Epuc., 10, 40-3 (Jan., 1933)], I thought 
your readers might be interested ir some details of 
our high-school science club. 

Our club has been endeavoring to give to the students 
a chance to acquaint themselves with the various 
fields of science and as a reward for their efforts we 
have devised a system by which all active members 
may be bestowed with some symbol of their work. 
We have called this system our “Merit System.”’ 

In our Merit System a long list of activities is re- 
corded. For each item a member may earn a given 
number of merits. For a given sum of merits each 
member is entitled to a beautiful bronze, silver, or gold 
club pin with the club emblem engraved on it. 

The requirements for these merits are moderately 
simple and are within the reach of all the members. 
For individual experiments and scientific lectures 
merits are given generously. Also serving as an officer 
in the club entitles a member to merits. Outside 
research is repaid by large numbers of merits so that 
ambitious and active members need not confine them- 
selves merely to the club. 

The items for which merits are given are so many that 
it would be impossible to mention them all. However, 
should any of your readers be interested in our system 
for their clubs we will gladly send them any informa- 
tion desired. 

Respectfully yours, 
Mitton A. SANDERS, 


President, Science Club 


F. H. MorrELL HicH SCHOOL 
IRVINGTON, NEW JERSEY 





COUNTING THE COST 


To the Editor 
DEAR SIR: 


An article in a recent number of the JOURNAL treated 
of one of the by-products of chemical education, 
namely, training in the use of correct English and a 
clear elucidation of the various facts and processes 
involved. 


Permit me to add a suggestion. At suitable inter- 
vals, say once a month, a laboratory experiment should 
be selected and the student be required to make an 
account of cost—. e., cost of materials used for setting 
up the apparatus and recovery value of same after 
the experiment has been performed, cost of reagents 
and raw materials, cost of fuel and refrigeration, 
market value of product compared with cost, time of 
chemist, rent of laboratory space, etc. 

The first disheartening experience of many a callow 
young chemist is to discover that a process which is 
ideally beautiful in the laboratory produces much red 
ink on an industrial scale. 

Respectfully, 
F. W. SMITH 


Via NOGALES ARIZONA 
GUASAVE SINALOA, MEXICO 





BALANCING CHEMICAL EQUATIONS 


To the Editor 
DEAR SIR: 


Your recent correspondence on balancing chemical 
equations* impels me to insert a caveat. For example: 


3Cu + 8HNO; = 3Cu(NOs)2 + 4H:0 + 2NO 


This may be true as a gross summary of what 
happens but my pupils occasionally found NH; in 
the reaction products of nitric acid on various metals. 
Further, are we constrained to imagine that the re- 
action can be initiated and proceed only when three 
atoms of copper are confronted with eight molecules 


of nitric acid? Is it not simpler to imagine that the 
reaction proceeds in steps? 


Cu + HNO; = -CuNO; + H- 
H- + 2HNO; = H20 + 2HNO, 
H: + HNO, = H.O + NO + also some traces of ammonia 


Teachers of chemistry in their zeal to satisfy the 
demands of mathematics should not lose sight of the 
facts of chemistry. 

Please refer also to the Greek myth of Procrustes 
who has many modern imitators. 

Respectfully, 
F. W. SMITH 
Via NOGALES, ARIZONA 
GUASAVE SINALOA, MEXICO 


* J. Cuem Epuc., 9, 358, 360, 361, 560, 751, 752, 753, 944, 
1124, 1125 (1932). 
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APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Preparation of a Bunsen valve. P. N. Sampon. Chemist- 
Analyst, 21, 16 (Nav., 1932).—To overcome the difficulty of 
cutting a slot in a Bunsen valve, insert a glass rod into the rubber 
tubing and cut with a razor blade. Ey CLE. 

A convenient and practical cork borer appliance. R. E. 
DunBar. Chemist-Analyst, 21, 21 (Nov., 1932).—Cork borers 
rapidly lose their sharp edge when the corks are placed against 
hard wood, metal or stone. The life and efficiency of a cork 
borer can be greatly increased if the corks are placed against a 
board covered with cork bulletin-board material. This cork 
backing can be fastened with glue. Below this board can be 
placed a removable tray to hold the cork borers and to catch 
the waste material. B..€,.E. 

Rubber beaker rings for accelerating evaporation on steam 
bath. J. A. ScHeRRER. Ind. Eng. Chem., Anal. Ed., 5, 22 
(Jan., 1933).—Evaporation from a beaker placed on a steam 
bath is very slow, but if immersed about two-thirds of its height 
in the bath, the rate of evaporation can be increased about 
threefold. A rubber ring with an inside diameter about 3 to 5 
mm. smaller than the outside of the beaker so as to fit snugly, 
yet slip off readily when wetted, makes a convenient support. 
(Diagram is included.) These rings must be made from rubber 
suitably compounded to withstand action of heat and moisture. 
A satisfactory formula in parts by weight, is as follows: 


Crude rubber 100 
Zinc oxide ‘‘Kadox variety’’ 100 
Phenyl-8-naphthylamine 1 
Stearic acid 2 
Tetramethylthiuram disulfide 3 


206 
Dees k: 


An inexpensive flame shield. C. C. Vernon. Ind. Eng. 
Chem., Anal. Ed., 5, 6 (Jan., 1933).—A tin can of the size used 
for prepared soups is secured, the top cut off smoothly, and 
a hole punched in the center of the bottom so that it fits the 
tube of the burner snugly. The can is adjusted by ret up 
or down the tube. pC. FE. 


Total 


The “rotette’”’ or an apparatus for handling small quantities 
of liquids with rapidity and precision. E. L. HARRINGTON. 
Science, 77, 21-3 (Jan. 6, 1933).—Pipets connected to helical 
glass tubing constitute a unique device for accurate measurement 
of liquids. The lower half of one turn of the coil is filled with 
mercury and the coil is so arranged that the mercury cannot 
run out. By rotating the coil in one direction the pipet may be 
filled and by opposite rotation it may be emptied. By proper 
choice of the diameter of the tubing, of the coils, and of the num- 
ber of turns, the desired volume is obtained. The volume dis- 
placement is proportional to the angular rotation. Two diagrams 
are included: (1) shows a “‘rotette’ for hand use, and ©) one 
for mounting. 1 SAR): at 

The measurement of density by the flotation method. H. 
Yacopa. Chemist-Analyst, 21, 4 (Nov., 1932).—A discussion 
of the flotation method in which the density of a liquid is ad- 
justed so that its density is exactly equal to that of the solid 
under investigation. The solid is placed in a liquid of approxi- 
mately the same density and the density varied by the addition 
of a second liquid or solution until the solid just floats at any 
point in the liquid. The density of the solution can then be 
determined by the pycnometer, Westphal balance, or sometimes 
indirectly by its index of refraction. (By regulating the tempera- 
ture, accurate results can be obtained with particles down to 
0.1 to 0.2 mm.) This method can be utilized as a means of 
separating a mixture into its constituents. A list of solutions, 
sp. gr. 0.86 to 4.76, is given. Methylene iodide, 3.33, is the 
heaviest organic liquid listed. Thoulet’s solution contains 
KI and HglI, (1:2) and has a sp. gr. of 3.2. Thallium formate 
solution can be prepared which has a density of 4.74 at 90°. 

BD. CL: 


The use of vitamin D from cod-liver oil in milk and bread. 


T. F. Zucker. Science, 77, 19-20 (Jan. 6, 1933).—Through 
experiments at Columbia University, it has been found that the 
anti-rachitic factor or vitamin D in cod-liver oil can be concen- 
trated in a very small fraction of the original oil. Further 
refinements have eliminated the bad taste and odor of cod- 
liver oil; the result is a product which can be added to milk 
without changing its flavor and to bread, since the vitamin is 
not destroyed at baking temperatures. BG. Se 
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Chemistry in 1932. Ind. Eng. Chem., 25, 5-8 (Jan., 1933).— 
“The most important advances in knowledge of the vitamins 
are summarized in several important and successful attempts 
to isolate and synthesize them.’”’ In agricultural chemistry a 
test for the determination of P in growing plants has been de- 
veloped, so that the farmer can tell whether his soil has sufficient P. 
The test is based on the color reactions between SnCl, and 
acid phosphomolybdate. Several new insecticides have been 
developed, one of which, rotenone, is extremely poisonous to 
insects but not to mammals. Tests show that storage in atmos- 
phere high in CO; checks growth or rot organisms. 

Medicinal chemistry reports synthetic quinine, which will 
probably be more useful than the natural product. Divinyl 
oxide shows promise as a rapid and efficient general anesthetic. 
It acts rapidly and is voided from the system more quickly 
than ether, with less excitement and nausea to the patient. 
There is also less lung irritation and less disturbance to the heart 
than with most substances. In physical chemistry the newest 
conception is that of the neutron, a minute partidle carrying 
no charge. It is assumed to be a proton and an electron bound 
together. The Li atom was disintegrated into two He nuclei 
by bombardment with protons under a pressure of 125,000 volts. 


Tungsten was deposited by electrolysis from a solution of 
alkali tungstates, pH about 12, with controlled temperature and 
current density. Large radium deposits are being developed in 
Canada. Helium has been discovered in Trinidad. A new 
coating material formed by the polymerization of divinyl acety- 
lene is very resistant to chemical action. A filter possessing the 
power of destroying bacteria has been produced by introducing 
AgCl into clay before firing. 

In industry the low price of silver has led to its use in equip- 
ment. Fifteen important petroleum companies have been 
licensed to use the hydrogenation process. A new machine to 
produce gas from anthracite coal at a cost of about twenty 
cents per 1000 cu. ft. before distribution has been developed. 
White paper can now be produced from southern yellow pine. 
The removal of gases from clay by alternate pressure and vacuum 
gives a dense uniform product and reduces failures. Alcohols 
corresponding to common fatty acids and their sulfuric acid 
derivatives will soon be manufactured to replace soaps to some 
extent. They have remarkable cleansing action without the 
drawbacks of soap. In Russia considerable progress has been 
made in establishing a chemical industry. D. C. L. 
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Industry’s third horizon. Jnd. Bull. of Arthur D. Little, 
Inc., 73, 2-3 (Jan., 1933).—The technical innovations in measure- 
ment and control indicate a third great phase in industrial 
production. Three basic technical advances are largely re- 
sponsible for our industrial development according to H. H. 
Dow, late head of the Dow Chemical Company. The first of 
these was the steam engine, inaugurating power production. 
Then came interchangeable parts, making possible mass pro- 
duction. Now comes a third advance, automatic operation by 
automatic control of continuous processes. As early as 1894, 
an instrument was developed to indicate the amount of free 
chlorine being liberated in an electric cell operated to produce 
bromine from brine. The instrument was based upon the fact 
that a higher voltage is required to liberate chlorine than bro- 
mine. More recently a new process was developed that de- 
manded the maintenance of a correct ratio between two salts 
within an extremely narrow range during an oxidation process. 
Laboratory analysis was too slow, but it was found that the 
optimum ratio corresponded to a certain definite acidity. An 
instrument was then devised to record this acidity automatically 
by electrochemical means. Today automatic analysis is ac- 
complished by a variety of means, including mechanical, ther- 
mal, chemical, electrical, electrochemical, electrostatic, electro- 
magnetic, and photo-electric measurements. A continuous 
measurement of the heat conductivity of gases in mixtures is 
used to determine very accurately the proportion of hydrogen 
or of other good heat-conducting gases present. The concen- 
trations of solutions are frequently measured electrically. The 
thickness of paper or rubber is measured during manufacture 
by passing them between, but not touching, the plates of a con- 
denser and measuring the change of capacity produced. The 
moisture content of paper, wood, cereals, etc., and the dispersion 
of lampblack in rubber have been similarly determined. Photo- 
electric measurements are used in analysis of colored or partially 
opaque gases (including smoke) and liquids. It is reported that 
the photo-cell is being used to maintain a constant concentration 
of dye in a dye bath used in piece dyeing. Photo-electric cells 
are also used with chemical indicators. A moving piece of 
lead acetate treated paper passed through a gas pipe is blackened 
by hydrogen sulfide, the degree of blackening indicating the 
concentration of hydrogen sulfide. A common example of 
automatic chemical analysis is carbon dioxide measurement, 
often made to indicate the completeness of combustion. The 
gaseous mixture is metered as it is given off, passed through 
material to absorb the carbon dioxide, and again metered to 
indicate volume lost. G. O. 
Influence of agricultural prosperity on chemical industry. 
C. J. Branp. Chem. & Met. Eng., 40, 18-22 (Jan., 1933).— 
The chemical industry has a great interest in agriculture. Under 
normal conditions agriculture consumes 2,000,000 tons of sulfuric 
acid, great tonnages of phosphoric acid, potash, sulfate of 
ammonia, nitrate of soda, calcium cyanamid, sulfur, calcium 
arsenate, copper sulfate, and many other chemicals. Under 
normal price conditions the farmer got $3.54 for each $1.00 spent 
on fertilizers. Even in depression times each dollar spent would 
bring back a dollar, but due to lack of money and credit the 
farmer is unable to make the original investment. National 
prosperity requires a proper balance between agriculture and 
industry. Farming is both a mode of living and a business. 
The farm is both a factory and a home. The farmer is both a 


manufacturer and a consumer. Agricultural restoration is 
necessary for general restoration. 3. Wait. 
Economic position of sulfur. A. M. Taytor. Ind. Eng. 


Chem., 24, 116-21 (Oct., 1932)—From time immemorial S 
has been the backlog of the chemical industry. There is hardly 
an industry into which it does not enter. The U. S. reserve is 
estimated at 40,000,000 tons and that of Italy at 25,000,000. 
The U. S. supply at present rate of consumption would be ex- 
hausted in 15 years. Of total S shipped to consumer, brimstone 
represented 83% and pyrites 13%. Of H2SO, produced, 66% 
came from brimstone, 17% from pyrites and 17% from smelters, 
while in 1914 less than 3% was produced from S. Due to large 
mass of material to be handled with pyrites, necessity of purifica- 
tion of gases, etc., there is little probability of pyrites replacing 
S unless the price differential exceeds eight dollars per ton. 
The deposits of pyrites are estimated at 907,000,000 tons. Nu- 
merous attempts have been made to reclaim this S other than as 
SO, but apparently without success. Several other methods 
for recovery of S from other by-products are discussed. H2zSO, 
consumes 65% of the S supply, pulp and paper 17, the balance 
going for explosives, dyes, rubber, electrochemicals. Thirty 
per cent. of the acid is used to decompose phosphate rock, 11% 
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for the recovery of ammonia, 10% in chemical manufacture, 
20% in oil refining, and 10% in iron and steel industry. 

The large amount of CaSO, formed in the phosphate industry 
has led to conversion to P.O; with the elimination of H.SO,. 
HPO, could be used in place of H2SO, in NH; recovery. HNO; 
is now produced by oxidation of NH3 and much HCl is produced 
by direct combination. Acetic acid may also be produced from 
CaC; by way of C:H: and CH;CHO without the use of H2SQ,, 
and it could be replaced by HCl in the steel industry. By the 
use of the hydrogenation process, the use of H,SO, can be greatly 
reduced in the petroleum industry. Dic. E. 

Recent progress in hydrogenation of petroleum. P. J. Byrne, 
. J. Gour, AND R. T. Hostam. Ind. Eng. Chem., 24, 129-35 
(Oct., 1932).—The second large-scale commercial plant of 4 
to 8 thousand barrel per day capacity was placed in operation 
in May. He is produced by the reaction CH, -+- HO —» CO + 
3H: in the presence of a catalyst at 1600°F. More steam is 
added and a second catalyst converts CO to CO: and H2. The H2 
and oils at high pressure are passed over the catalyst at about 
800°F., the heat of reaction raising it to about 1000°. No coke 
is produced and the catalyst is extremely rugged, so the process 
is continuous. The catalyst can frequently be used for a year 
before reworking. A hydrogenated high-flash-point safety 
gasoline with a high octane rating has been produced for aviation 
and marine use. Hydrogenated high-solvent naphthas for use as 
lacquer diluents, paint thinners, and rubber and resin solvents 
have been developed. D: C.-L: 

What is the outlook for iron and steel? E.E. Toum. Chem. 
& Met. Eng., 40, 10-4 (Jan., 1933).—Due to stagnation in 
railroad and factory construction, the replacement of massive 
machinery by lighter, the development of rust and corrosion- 
resistant metals, and the impossibility of export, steel production 
in America follows the so-called S curve. 

In the future it will be necessary to mine lower grade ores, 
revise smelting processes, or concentrate the ore by mechanical 
or chemical means. Recovery from the present depression may 
be slow and America for a long time will produce steel for local 
consumption at a rate somewhere in the neighborhood of 600 
lb. per capita annually. This means a total of 40,000,000 tons 
in 1940. This will consume 400,000 tons sulfuric acid (50°Bé.) 
for pickling, 40,000 tons hydrochloric acid and ammonium 
chloride for fluxing coated sheets, and 10,000 tons palm oil for 
tin plate. A large amount of acids and oils will also be used in 
plants making coke for iron blast furnaces. 

The established uses of corrosion-, rust-, and heat-resisting 
alloys will undoubtedly grow. The enthusiast pictures ovens, 
kilns, and furnaces of the future as made of a little brick but 
mostly of metal and insulating materials. J. Woo 

What’s ahead in the transportation of chemicals? L. A. 
BREEDING. Chem. & Met. Eng., 40, 26 (Jan., 1933).—Greater 
economy in distribution of chemicals will bring about the following 
changes. Caustic soda will be shipped in more concentrated than 
50% solutions, sulfuric acid in 85-ton tank-car lots instead of 
50, bromine as liquid bromine instead of NaBr, hydrogen peroxide 
in carboys instead of small bottles, wheat, flour, peanuts, rice, 
sugar, and starch so as to eliminate package costs. Many sub- 
stances, as HCl, formerly shipped in water solution will be in 
anhydrous form. Weatherproof, dust-tight cars will carry cement 
in bulk at savings of $2.00 a ton. J. W. H. 

Process industries as purveyors to the motor car. T. A. 
Boyp. Chem. & Met. Eng., 40, 15-7 (Jan., 1933).—Almost 
every material going into the modern motor car is a product of 
one or the other metallurgical and process industries. The only 
exceptions are cushion padding, wooden pieces, and water in the 
radiator. A list of some 130 process products used directly or 
indirectly are listed, the principal ones being steel, malleable 
iron, gray iron, rubber, plate glass, leather, aluminum, copper, 
tin, ‘lead, zine, ‘nickel, top and side curtain material, paint and 
lacquer, gasoline, lubricating oil, and anti-freeze solutions. 
There is ample demand for new and better materials as well as 
the cheapening of some valuable materials now available. 

J. W. H. 

Construction challenges chemical engineering talents. F. 
Scumitt. Chem. & Met. Eng., 40, 23-6 (Jan., 1933).—Every 
phase and operation of civil engineering activity is found to be 
pervaded by the influence of chemistry and its products. Metal- 
lurgy and the various fields of non-metallic production employ 
chemical products and processes at every turn. Improvements 
made through these contributions have helped construction 
raise its quality and cheapen its cost. Future possibilities of 
chemical engineering influence lie in,discovering means of making 
lumber proof against decay, shrinkage, and fire, making solid 
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fire-proof compounds of lighter weight than those in use, new 
mepeeiele which would not crack readily, and better decorative 
nishes. 

In road construction, methods of treating earth and stone to 
produce more permanent surfaces, possessing greater stability, 
wear resistance, and adaptation to different forms of base, afford 
wide prospect for new advances. The phase of soil research 
which has to do with road sub-grades, dams, fills, levees, etc., 
is still in its infancy. 

Chemistry still has many sanitation problems to solve, as 
water control, sewage disposal, refuse disposal, elimination of 
dirt and odors from air, streets, and houses. 

Codperation of chemical engineering with construction is 
steadily increasing. . W. 

liminating guesswork in materials of construction. H. 
Miter. Chem. & Met. Eng., 39, 646-50 (Dec., 1932).—General 
rules are given for selecting materials of construction. Most of 
the few hair-line choices made between metals and non-metals 
have to be made in connection with wood. This material is so 
cheap that it may be replaced many times at the cost of similar 
metallic equipment. A wooden vat may be installed and if 
it shreds or softens a lead lining can be quickly added. For vat 
construction wood must be of uniform grain, free of knotholes, 
and fairly tough. Cypress is largely used. 

Plastics are still too expensive to be used as freely as wood or 
cheaper metals, but offer immense possibilities as acid-proof 
accessories. 

Rubber and rubber-lined equipment show exceptional free- 
dom from maintenance and low initial cost. Rubber is limited 
to temperatures around 115°C. and cannot be used in contact 
with strong oxidizing agents or organic solvents. 

Stoneware, because of low initial cost, often offers the lowest 
depreciation charges, especially with small tonnages and where 
vibration, shocks, and temperature changes are at a minimum. 

Brick-lined equipment finds its best field in comparatively 
large installations where cheapness of construction is of first 
importance. It is especially useful where considerable abrasion 
is encountered with little temperature change. The chief draw- 
back is that brick linings tend to leak if exposed to shock or vibra- 
tion. 

Metals should be tested in contact with samples of actual plant 
liquors at plant operating temperatures. Metal samples should 
be so prepared and machined that losses can be easily and ac- 
curately determined. After laboratory tests they should be 
tested as parts of plant equipment. 

In general, materials which will not last three years should 
not be used unless for a temporary installation. J. W. H. 

Modern materials. ANon. Chem. & Met. Eng., 39, 651-8 (Dec., 
1932).—A compilation of physical and chemical properties of 
enameled-lined steel, glass and fused silica, chemical stone- 
ware, wood, acid-resisting cements, asbestos-portland cement, 
coke-base carbon, refractories, rubber, vulcanized fiber, plastics 
and heat-insulating materials as used for the construction of 
chemical engineering equipment. Jj. W. ot 
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The cyanine dyes. M.Q. Doya. Chem. Reviews, 11, 273-321 
(Dec., 1932)—There are no less than thirty-seven different 
types of cyanine dyes known. Their great commercial value 
lies in their power of conferring extra sensitiveness on silver 
halide photographic plates. They render the plates remarkably 
sensitive to green, yellow, orange, red, and invisible infra-red 
portions of the spectrum, while ordinarily such plates are only 
sensitive to the violet and blue regions. 

A general survey of the methods of preparation, general 
properties and structural formulas of these compounds is given. 

‘ie 


Nuclear substitution and orientation of furan type 
GILMAN AND G. F. Wricut. Chem. Reviews, 11, 323-67 a, ia 
1932).—This article discusses the constitution of furan, mono- 
a-substituted furans, identity of the two a@-positions in furan, 
di-a-substituted furans, a and a, §-substituted furans, general 
methods for determining the position of substituents in poly- 
substituted furans, tetra-substituted furans, 6-substituted 
furans, and some mechanisms of substitution. J. W. H. 

The energy levels and statistical weights of polyatomic 
molecules. D.S. Vittars. Chem. Reviews, 11, 369-485 (Dec., 
1932).—The spectroscopy of diatomic molecules has proved to 
be of colossal importance to the study of elementary photo- 
chemical processes. This article discusses the general principles 
of significance to chemistry and gives illustrative applications 
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Oil gas generated by new process. ANoNn. Chem. & Met. Eng., 
39, 663 (Dec., 1932).—This process was described by Alfred 
Johnson before the American Gas Association at their Atlantic 
City Meeting. The fundamental principle of the process is 
that carbon liberated in high-temperature oil cracking is suf- 
ficient, when properly burned, to supply the heat required for 
cracking a subsequent and equivalent quantity of oil. The 
resulting low-gravity gas thus produced from the primary crack- 
ing of oil at high temperatures is then enriched to give a final 
gas of desired calorific value and specific gravity. A sketch is 
given of the plant with operating details. J. W. H. 

Surface tension of tooth paste solutions. S. M. Gorpon 
AND E. W. SHAND. Ind. Eng. Chem., 24, 148-52 (Oct., 1932).— 
This is a report by the American Dental Association Bureau of 
Chemistry in the interest of placing advertising of dentifrices 
on a more truthful basis. The abrasive material in tooth pastes 
is CaCO; or some form of calcium phosphate. Some contain 
also Mg(OH)s, soap, astringents, or germicides as ZnCl, phenols, 
orris root, KCIO;. They are mixed in paste form by the aid of 
glycerol, glycerite of starch; gums such as tragacanth, water, 
and flavoring materials are added. Fourteen samples were 
examined, ten of which are widely advertised. The formulas of 
most of these are given. The surface tensions fall into two classes, 
(1) those of low S. T., which contain soap, and their S. T. is 
about that of a soap solution, and shows but slight change with 
dilution; (2) those of higher S. T., which show an increase in S. T. 
on dilution, no soap present. 

Conservative dental opinion holds that if a tooth paste is 
effective at all, it is due primarily to the friction between the 
teeth and brush, the aid of other substances is only secondary or 
of negligible importance. Nothing in this report indicates which 
tooth paste is best. This could be determined only if actual 
figures of the cleansing value were available and then correlated 
with S. T. data. D.C.L. 

Multifarious licorice. Ind. Bull. of Arthur D. Little, Inc., 
73, 1 (Jan., 1933).—The licorice shrub growing around the 
Mediterranean basin and in China has a great past, but it bids 
for your consideration for modern and future usage. In the oldest 
Sanskrit and Egyptian are references to its general therapeutic 
excellence. In medicine it became more and more a covering 
for the taste of unpleasant concoctions. It is still used for cough 
medicine and for a gentle laxative. Large-scale utilization of 
licorice root and its extract occurred in America principally in 
connection with the tobacco industry. The greatest proportion 
goes into chewing tobacco, but some goes into cigarets, cigars, 
snuff, and pipe tobacco. A moderate amount goes into candy, 
but much of the so-called licorice candy is sugar candy colored 
by charcoal and flavored with anise. The extracted root is now 
largely used for making insulating wall-board. An extract, 
made by cooking the water-extracted root with alkali, is the 
basis of a foam used in fire-fighting. A resin of the solubility 
of shellac or ‘‘red gum’ can be recovered from the ‘‘spent root”’ 
if a use can be found for it. G. O. 

New fields of opportunity. See this title, p. 255. 
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of these principles to typical es general, the hydro- 
gen compounds. J. W.-8t. 
Progress report in the field of organic chemistry, 1929-31. R. 
OPPENAUER AND T. REICHSTEIN. Z. angew. Chem., 45, 751-8 
(Dec. 3, 1932).—IV. Heterocyclic Series. A. Small rings: (a) 
Three-membered rings. (b) Four-membered rings. B. Five- 
membered rings: (a) Furan. (b) Pyrrol. (c) Thiophene. (d) 
Azoles: Pyrazole, Imidazole, Thiazole. C. Six-membered 
rings: (a) Pyrane. (b) Pyridine. (c) Dioxane and Diazine. 
(d) Triazine. (e) Purine. D. Large rings containing more than 
six members. One hundred fifteen references are listed. L. S. 
Progress report in the field of organic chemistry, 1929-31. W. 
ScHLENK. Z. angew. Chem., 45, 779-82 (Dec. 17, 1932).—V. 
Metallic Organo Compounds. The subject matter is arranged 
according to the groups of the periodic system. Organic com- 
pounds of (1) Alkali metals; (2) Magnesium, Mercury; (3) 
Boron, Aluminum, Thallium; (4) Silicon, Germanium, Tin, 
Lead; (5) Phosphorus, Arsenic, Antimony, Bismuth; (6) Sul- 
fur, Selenium, Tellurium, Chromium. Forty-seven references 
are listed. L. S. 
U. S. Office of Education serial publications. E. M. WITMER 
AND M. C. Mitier. Teachers’ Coll. Record, 34, 302-11 (Jan., 
1933).—The authors present a check list with descriptive notes 
of the various publications of the U. S. Office of Education. 
Dates covered by the publications are included. C. MiP, 
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HISTORICAL AND BIOGRAPHICAL 


Alchemy and alchemists. Anon. Nature, 130, 900 (Dec. 10, 
1932).—(Quotation from a paper presented by Prof. John Read of 
St. Andrews to the Folk-Lore Society, Nov. 30, 1932.) 

“In a narrow sense, alchemy may be interpreted as the pre- 
tended art of transmuting the baser metals into silver and gold. 
In a wider sense it may be defined as the chemistry of the 
Middle Ages: according to Liebig, indeed, alchemy was never 
anything but chemistry. In its broadest aspect, it appears as 
a system of philosophy which claimed to penetrate the mystery 
of life and the formation of inanimate substances: it was thus 
a complex and indefinite blend of chemistry, astrology, philoso- 
phy, magic, mysticism, theosophy, and other ingredients. 

“To the philosophic alchemists, the efforts made by the adepts 
to transmute metals were mainly of interest as attempts to prove 
the truth, on the material plane, of an all-embracing philosophic 
system. The despised ‘puffers,’ at the othe: end of the scale, 
were materially minded seekers after gold. There were still 
others who interpreted the doctrines of alchemy in terms of 
mystical theology.”’ B.-B. D, 

Chemical surface phenomena. ‘A classic of science.’”’ I. 
Lancmurr. Sci. News Letter, 22, 348-5 (Nov. 26, 1932).—In 
this ‘‘classic’”’ are reprinted the author’s summaries of the papers 
on “The constitution and fundamental properties of solids and 
liquids. Part 1. Solids. (J. Am. Chem. Soc., vol. 38, Nov., 
1916). Part 2. Liquids (zbid., vol. 39, Sept., 1917),’” and 
“The adsorption of gases on plane surfaces of glass, mica, and 
platinum” (zbid., vol. 40, Sept., 1918). One of the major con- 
clusions of the series is that adsorption results from chemical 
forces similar to those between atoms. ‘There is no present 
justification for dividing interatomic (or intermolecular) forces 
into physical and chemical forces. It is much more profitable 
to consider all such forces as strictly chemical in nature. Evapo- 
ration, condensation, solution, crystallization, adsorption, sur- 
face tension, etc., should all be regarded as typical chemical 
phenomena.” It is emphasized that absorption and solution 
are not to be confused with adsorption. rp oie 2 

Epinephrin from the suprarenal capsule. “A classic of 
science.” Sci. News Letter, 22, 391-2 (Dec. 17, 1932).—This 
“‘classic’”’ is taken from an article by John J. Abel entitled ‘“‘On 
epinephrin, the active constituent of the suprarenal capsule 
and its compounds,” originally published in the Proceedings of the 
American Physiological Society (Eleventh Annual Meeting, New 
York, Dec. 28, 29, and 30, 1898) and one by John J. Abel and 
Albert C. Crawford entitled “On the blood-pressure-raising 
constituent of the suprarenal capsule,” originally published in 
The Johns Hopkins Hospital Bulletin, No. 76, vol. 8, Baltimore, 
1897. The purpose of the second-named article was to isolate, 
if possible, the ‘‘blood-pressure-raising constituent” of extracts 


from the medullary substances. This was done in the form of 
a sulfate which gave the characteristic blood-pressure increase 
as well as other properties by which it was identified. By means 
of a dry-distillation test this sulfate’s resemblance to alkaloids 
was demonstrated. Other tests confirmed their classification of 
this active principle, which Dr. Abel called epinephrin, as an 
alkaloid. Bs C.F. 
Isolation of strychnine. ‘A classic of science.”? Sci. News 
Letter, 22, 374-5 (Dec. 10, 1932). —This article is a literal transla- 
tion of extracts from the ““Memoire sur un nouvel alcali végétal 
(la strychnine) trouvé dans la féeve de Saint-I, gnace, la notx vomique, 
etc.” by Pelletier and Caventou, published in the Journal de 
Pharmacie et des Sciences Accessoires, vol. 5, April, 1819. Fol- 
lowing the suggestions of botanists the authors sought in several 
species of the genus Strychnos for a common active material 
responsible for their similar actions upon ‘‘the animal economy.’ 
Their success came when they treated the buttery, oily mixture 
from the beans to digestion with caustic potash. The white 
precipitate, which was practically insoluble in cold water, was 
the active principle which proved to be common to not only 
Strychnos nux vomica, and Strychnos ignatia but to Strychnos 
colubrina as well. They named this common principle strych- 
nine after the genus name of the plants. The experiments used 
in testing the principle’s properties are described. B. C. H. 
Presidents of the American Chemical Society. H. HALE AND 
E. L. Netson. Ind. Eng. Chem., 25, 110-8 (Jan., 1933).— 
From 1876 to 1933 there were 45 presidents, two serving three 
terms, and nine serving two terms. Their published papers 
number between 4000 and 5000, and their books several hundred. 
The average age of the twenty-six now dead was seventy-three. 
A table shows dates of birth, death, year of presidency, educa- 
tion, occupation, residence, special field, with added remarks on 
accomplishments. Pictures of each of the presidents are in- 
cluded. Bo C.-E. 
A silver anniversary. Ind. Bull. of Arthur D. Little, Inc., 
73, 3 (Jan., 1933)—The chemical engineer occupies such a 
prominent place in industry today that we are apt to forget 
that his profession is still young. The American Institute of 
Chemical Engineers came into being only twenty-five years ago, 
thus celebrating its silver anniversary in December, 1932. 
As a souvenir of this particular birthday the Institute has 
published a brief history of chemical engineering in America 
under the title, ‘‘The Silver Anniversary of Chemical Engineering 
in America.” It sketches the origin, growth and development 
of chemical engineering education and research, together 
with many of the more important contributions of chemical 
engineers to industry. G. O. 
Chemistry in 1932. See this title, p. 251. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


A common-sense basis of chemistry teaching in secondary 
schools. Part I. Demonstration versus individual laboratory. 
G. T. FRANKLIN. Sch. Sci. & Math., 32, 857-62 (Nov., 1932).— 
Having enumerated four reasons why chemistry should be stud- 
ied, the statement is made that individual laboratory work is 
very important in the achievement of such objectives. It is not 
uncommon to find in supply houses, fathers and sons purchas- 
ing equipment for the home laboratory. Administrators insist 
that teachers shall ‘‘make the work interesting’’ so that pupils 
will attend school better. The laboratory work is the heart 
of the course from the standpoint of importance and interest 
to the pupils. ee eR 

A common-sense basis for chemistry teaching in secondary 
schools. Part II. Suggestions for improvement of laboratory 
methods. G. T. FRANKLIN. Sch. Sct. & Math., 32, 954-60 
(Dec., 1932).—Suggestions are made for better attaining the fol- 
lowing immediate objectives of laboratory work: (1) develop 
skill in assembling apparatus; (2) make the finding of facts im- 
pressive and interesting; (3) to get better into the spirit of chem- 
ists by going through the motions of chemists; (4) to discover 
principles and relationships, to encourage the development of 
originality and inventiveness; (5) to cultivate habits of codpera- 
tion, the preservation of property, in short the cultivation of 
good citizenship practices. es 

Recent educational research in science teaching. M. MEIs- 
TER. Sch. Sci. & Math., 32, 875-89 (Nov., 1932).—Those who 
work in the field of science education should dedicate themselves 
to the propositions: (a) that there is such a thing as artistic 
teaching; (b) the outcomes of artistic teaching can be measured 


in terms of pupil learning; (c) that the procedures employed by 
artistic teachers can be analyzed and made the basis for science 
teaching; (d) that progress in science teaching can come only 
by an acceptance of this science of teaching by all teachers of 
science. i; FAG. 
How we may meet individual differences in high-school 
chemistry. G. E. Monror. Sct. Educ., 16, 485-96 (Dec., 
1932).—The author describes a method he has been using in 
teaching chemistry that successfully solves the problem of meet- 
ing individual differences. Each student is given a worksheet 
at the beginning of his study of a unit of subject matter. While 
the work is largely individual, there are group and class con- 
ferences and general discussion from time to time. There are 
three levels of accomplishment based on a three-level assign- 
ment: minimum, average, and maximum assignment. Each 
level is made progressively more difficult. Grades are given 
according to satisfactory completion of the assignment level. 
The article describes how the method is actually carried out. 
A detailed outline of the work for one of the nineteen units of 
subject-matter together with references, laboratory work, and 
tests is included. Co M.-P. 
College dominance in secondary-school science. FE. R. 
Downinc. J. Higher Educ., 4, 22-3 (Jan., 1933).—Mr. Downing 
deplores the fact that university students are trained in research 
efficiency and that when they go out to teach, teach research 
instead of ‘‘consumer” science. He considers it a vicious circle 
which can be broken only by the wise selection of science teachers 
from institutions that impart ‘‘consumer’’ science and train 
in appropriate methods of instruction. Bo: K. 
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ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


Our universities in an unsettled world. T.W. Lamont. Sci. 
Mo., 36, 42-8 (Jan., 1933).—A vivid description of existing 
economic and political conditions with their causes is followed by 
the suggestion that the growth of science is perhaps the most 
encouraging single feature of our modern civilization, going far 
to offset its present failures. Lamont urges the universities— 
both students and teachers—to set up the scientific method 


as a goal to almost every end. The student should be trained 
to think and to make a disinterested search for truth. Imagi- 
nation may construct the hypothesis but this should be checked 
by experiment. This means that no fixed and static dogmas 
can necessarily stand unchanged in a changing world. G. W. S. 

College dominance in secondary-school science. See this 
title, p. 254. 


EDUCATIONAL MEASUREMENTS AND DATA 


Influence of high-school science on grades in college chemistry. 
G. A. West. Sch. Sci. & Math., 32, 911-3 (Nov., 1932).—Analy- 
ses made of students’ attainments in chemistry at New Mexico 
State Teachers’ College revealed that there was no discrimina- 
tion between “A” students and ‘‘F”’ students on a five-point 
scale, with respect,to the amount of their high-school science. 
Further, there seem to be fairly dependable reasons for conclud- 
ing that the number of units of high-school science a student 
has taken is of less importance for his success in chemistry than 
are some other factors, notably intelligence. H. G. 

Methods versus the mechanics of instruction. E. R. Down- 
ING. Sct. Educ., 16, 468-71 (Dec., 1932).—This is the address 
of the retiring president of the National Association for Research 
in Science Teaching. Most of the investigations in methods of 
teaching science have measured the mechanics of the process 
rather than skills in learning. Attention should be focused on 
the pupils’ learning rather than on the mechanics of teaching. 
It is not surprising that investigational studies have shown such 
a similarity in results. © MP 

Aptitude and its relation to achievement in general chemistry. 
W. J. Bray. Sci. Educ., 16, 439-42 (Dec., 1932).—The study 
reported involved two hundred students of ‘first-quarter general 
chemistry in two Missouri state teachers’ colleges during the 
school years 1928-30. The Iowa Chemistry Aptitude Test was 
given at the beginning of the quarter session and the Iowa 
Chemistry Training Test, Form B was given near the close 


of the quarter session. A study of the results would seem to 
show that the Iowa Chemistry Aptitude Test is a fairly accurate 
instrument for predicting the success of superior students. 
On the other hand, it is far from certain that one who scores low 
on the Aptitude Test will score low on the Training Test. Other 
factors seem to enter in, such as: capacity and willingness of 
the student to put forth sustained effort, attitude toward the 
work, extra-curricular activities in which the student is engaged, 
and the ability of the teacher to stimulate the inferior student. 
C. M. P. 


Characteristics of a good dissertation in education. P. M. 
Symonps. Teachers’ Coll. Record, 34, 312-26 (Jan., 1933).— 
Twenty-five good dissertations and twenty-five poor disserta- 
tions were analyzed “‘to determine those ways in which the good 
dissertations were alike and in which they differed from poor 
dissertations.’’ The dissertations were rated on the following 
nine characteristics: interpretation of data; fundamental 
assumptions considered and justified; evidences of ability; 
creativeness—originality; sound analysis of data; appro- 
priativeness of procedures to the topic; presentation; the topic; 
and quality and quantity of data. The characteristics of a good 
dissertation are discussed as to subject, content, procedure, 
presentation, and the document as a whole. C. M. P. 

Recent educational research in science teaching. See this title, 
p. 254 


PROFESSIONAL 


New fields of opportunity. Chem. & Met. Eng., 40, 27-9 
(Jan., 1933)—A symposium on Air Conditioning by S. B. 
Lincoln, Aviation by E. P. Warner, Brewing by R. Schwartz, 
Electronics by O. H. Caldwell, Food by L. V. Burton, Sewage 
Disposal by F. W. Mohlman. There are plenty of problems 
in these fields to be solved and rich rewards await their solution. 
The chief difficulty is that these industries often fail to recognize 
the fact that their problems are of a chemical character. The 


entrée for the chemical engineer is difficult and progress must of 
necessity be slow and painstaking. J. W. H. 

Characteristics of a good dissertation in education. See this 
title above. 

College dominance in secondary-school science. 
title, p. 254. 

A silver anniversary. See this title, p. 254. 
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GENERAL 


[Chairs in the history of science and Royal Society awards.] 
Anon. Nature, 130, 897-8 (Dec. 10, 1932).—At the annual 
meeting of the Royal Society in London, November 30, the presi- 
dent, Sir Frederick Gowland Hopkins, made a plea for the es- 
tablishment of chairs in the history of science. The perspective 
of history is especially valuable, he said, in maintaining sound 
judgments in these days of revolutionary views. The year, he 
noted, has been marked by the tercentenary of the births of 
Christopher Wren, whose services to experimental science have 
been overshadowed by his other achievements, and of Anthony 
van Leeuwenhoeck, and Marcello Malpighi. 

Among the awards to chemists at this meeting were the follow- 
ing: 

The Rumford Medal to Prof. Fritz Haber, who developed 
successfully the catalytic synthesis of ammonia. The far-reach- 
ing results of the achievement are seen when one considers that 
one of the German factories alone can produce more than 1000 
tons of ammonia daily. 

The Royal Medal to Prof. R. Robinson, who has achieved 
great success in elucidating the structure of plant products, 


and in the synthesis of the pigments of flowers, etc., and of 
alkaloids. 

The Davy Medal to Prof. R. Willstatter, the great master 
of organic synthesis. His studies have ranged through the co- 
caine alkaloid, the structure of chlorophyll and blood pigments, 
the anthocyanin pigments of flowers, and the problem of enzymes. 

Fo B.D. 


Award of the Philip A. Conne Medal to Professor Abel. 
Science, 76, 620 (Dec. 50, 1932).—Professor Abel, of The Johns 
Hopkins University, was awarded the medal for pioneer work 
on the isolation of certain products of animal origin which have 
been of significance in biology and of value in the treatment 
of disease. Among Dr. Abel’s achievements are the isolation 
of insulin in crystalline form and the isolation of histamine and 
epinephrin. G. H. W. 

Intoxicating drink cannot be scientifically defined now. J. 
STAFFORD. Sci. News Letter, 22, 387, 394 (Dec. 17, 1932).— 
Various authorities are quoted in support of correctness of the 
title. Percentage of alcohol in a given drink may have different 
effects upon different drinkers. B.C. H. 





RECENT BOOKS 


A TEXTBOOK oF PuHysICAL CHEMISTRY. VOL. I. GENERAL 
PROPERTIES OF ELEMENTS AND Compounps, J. Newton Friend, 
D.Se., Ph.D., F.I.C., Head of the Chemistry Department, 
The Technical College, Birmingham, G. B. J. B. Lippincott 
Co., Philadelphia, Pa., 1933. xii + 501 pp. Frontispiece, 
8 plates and 198 illustrations. 22 X 15.5 cm. $7.50. 


As the title implies, this work is intended to be a textbook 
for senior and graduate students in physical chemistry. Since 
the material covered is approximately the first half of the con- 
tent of the average textbook, it is probable that the author has 
planned for two volumes. The advisability of a two-volume 
textbook, especially when not intended to be comprehensive, is 
doubtful. This first volume covers fundamentals, gases, liquids, 
solids, molecular structure and physical properties, solutions, 
and colloids. 

One thing that will impress the reader is the easy and attrac- 
tive style of Dr. Friend. It is a story that he writes for us and 
writes so invitingly that we are compelled to read on.. But one 
must not be deceived into thinking that quantitative treatment 
is lacking. Mathematics aplenty is incorporated, but not in 
the bare form that discourages the non-mathematically minded. 
The author adheres to the correct principle that, once concepts 
and ideas are grasped, the development in mathematical form 
is comparatively easy. 

The arrangement of material will be found quite unusual. 
However, there is no consensus of opinion on this point, so criti- 
cism is scarcely justified. The reviewer would commend par- 
ticularly the inclusion of two chapters on the fundamental laws 
and theories of chemistry. Many recent texts neglect this, 


but his experience is that, with many students, such a review 
of more or less familiar subjects in the light of a better back- 


ground is quite valuable. Dr. Friend’s book is filled, to a very 
unusual extent, with descriptions of the experimental methods 
used to investigate the phenomena under discussion. It is 
abundantly and well illustrated and the three spectrum plates 
are excellent. There is no lack of tables. The index is quite 
detailed and cross-referenced. Especially noteworthy are the 
extensive discussions of the crystalline state, specific heat, sur- 
face tension, the parachor, and spectroscopy. The type is large 
and easy to read. 

There is a complete absence of problems and literature refer- 
ences. It seems to the reviewer that omission of the first is 
serious in any work on a quantitative subject intended for use 
as a text. As to the second, students may, as suggested by the 
author, dig them out for themselves, but usually they will not. 
The work could be further improved by including a discussion 
of methods for determining atomic weights and especially of 
the application of X-rays to the investigation of crystal struc- 
ture 

In conclusion, however, it should be emphasized that this is 
an excellent book and one that any teacher or student will do 
well to have in his library. 

MAtLcotm M. HARING 


UNIVERSITY OF MARYLAND 
COLLEGE ParRK, Mp. 


PHYSICAL CHEMISTRY FOR STUDENTS OF BIOLOGY AND MEDI- 
cINE. David I. Hitchcock, Ph.D., Associate Professor in 
the Yale University School of Medicine. Charles C. Thomas, 
Springfield, Ill., and Baltimore, Md., 1932. xi + 182 pp. 
26 Figs. 14.25 X 23cm. $2.75, postpaid. 


The purpose of the book is to bring to the student an under- 
standing of the language of physical chemistry and a knowledge 
of that part of physical chemistry involved in the appreciation 
of modern biological research. The treatment is elementary 


in character and not intended to equip the student for advanced 
work without further study of the subject. In this connec- 
tion, the author has succeeded in presenting the subject in such 
a way that the student proceeding to further study will not have 
to unlearn what he finds in this text. The author is careful to 
point out, for example, that many of the laws stated are approxi- 
mations and that more exact considerations lead to more compli- 
cated equations. i 

The reviewer feels that if in Chapter 4 (Solutions of Electro- 
lytes) the author had gone one step farther in discussing the 
quantity a, calculated from the conductivity ratio of Arrhenius, 
and had pointed out that the ionic mobilities are dependent on 
the ion concentration, his treatment of strong and weak electro- 
lytes would have been improved. An objection might be 
taken to the statement on page 69 that “‘A concentrated solu- 
tion of a strong acid or base is a good buffer... .” 

On the whole, the author’s treatment is very successful and 
should undoubtedly appeal to the teachers of premedical and 
biological students. 

MaarTIN KILPATRICK, JR. 


THE UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PA. 


THE TERPENES. VOLUME II. THE DicycLic TERPENES, 
SESQUITERPENES, AND THEIR Derivatives. J. L. Simonsen, 
D.Sc. (Manc.), F.I.C., F.R.S., Professor of Chemistry, Uni- 
versity College of North Wales, Bangor; formerly Professor 
of Organic Chemistry, Indian Institute of Science, Bangalore. 
Cambridge, at the University Press; New York, The Mac- 
millan Co., 1932. xi + 627 pp. 14 X 21.5 cm. $7.00. 


The second volume of this important work will be most wel- 
come to all interested in this difficult but fascinating field. 

Part I is devoted to ‘‘The Dicyclic Terpenes and Their Deriva- 
tives,’’ and comprises the following chapters: I. Thujane and 
Its Derivatives; II. Carane and Its Derivatives; III. Pinane 
and Its Derivatives; IV. Santene and Its Derivatives; V. 
Camphane, iso-Camphane, and Their Derivatives; VI. Fen- 
chane, tso-Bornylane, and Their Derivatives. Part II, on “The 
Sesquiterpenes and Their Derivatives,” is divided into these 
chapters: I. Hydrocarbons (monocyclic, dicyclic, and tricyclic); 
II. Alcohols (acylic, cadinol, derivatives of eudalene, and alco- 
hols of unknown constitution); III. Aldehydes; and IV. Ke- 
tones. Both author and subject indexes are provided. 

The author has classified and handled an enormous mass of 
information in masterly fashion, and his discussions of the many 
intricate reactions and structural relationships involved are lucid 
and easily followed, thanks to the extensive use of constitutional 
formulas. 

In few branches of organic chemistry has there been such a 
crying need for a modern up-to-date handbook as in that covered 
by the work under review, not only because of the great interest 
and importance, both scientifically and commercially, of such 
natural products as pinene, camphor, borneol, and the like, but 
also because the large number of investigations published within 
the last few years, notably by Ruzicka and his co-workers, have 
made the older books hopelessly out of date. 

It would have been difficult to have found an expert better 
qualified than Professor Simonsen to carry through this task, 
for he is himself a distinguished investigator in the field, whose 
experience covers Asia as well as Europe. 

The work is absolutely indispensable to all who wish up-to- 
date information on the chemistry of the terpenes. 

Marston T. BoGERT 


CoL_uMBIA UNIVERSITY 
New Yor«K City 
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ASHINGTON IMPRESSIONS. One might 
with safety and more than average truthful- 
ness preface any remarks on the Washington 
meeting with the usual polite generalities. The at- 
tendance was good; the programs were well arranged 
and interesting; the entertainment features were 
actually entertaining; and a good time was had by 
all. 

A source of satisfaction which was not to our knowl- 
edge the object of comment but which was doubtless 
privately remarked by many was the unostentatious 
attitude of “‘business as usual’ which prevailed. One 
might be inclined to discount that attitude upon the 
superficial assumption that only the more prosperous 
members of the profession had found it possible to at- 
tend. It required very little confidential inquiry to 
correct that notion. Bank failures, budget cuts, and 
other prevalent economic ills had taken due toll there 
as elsewhere. The registration file added mute supple- 
mentary evidence in a considerable number of unaf- 
filiated registrations. The marked fortitude with which 
many of us withstand another’s misfortunes does not 
by any means completely account for the general tone 
of morale in evidence at the Washington meeting. 

Nor were there indications of false optimism. We 
encountered no one who believed that prosperity is 
about to return upon a rising flood of beer. There was, 
it seemed to us, a common disposition to face facts and 
conditions but with determination rather than supine 
resignation—a determination neither desperate nor 
grim, but none the less resolute. 

Despite a constitutional skepticism concerning our 
fellow-man, his motives, and his attitudes, we experi- 
enced a sense of professional pride in the spirit of our 
fellow-chemists. Perhaps there are, after all, people 
who actually believe as well as say that ‘‘the savings of 
a lifetime’’ are not represented solely by bank deposits 
and investments. Perhaps some educators are intel- 
lectually honest when they assure their students that 
earning power is not everything. 

We don’t blame any one who doesn’t feel that way 
about things, but we do see something admirable about 
the man who can act as though he did in the face of 
actual adversity. Too often a fine theoretical stoicism 
yields to dysphoria when there is something to be stoical 
about. 

* * * * 


The Tuesday afternoon session of the Division of 
Chemical Education during the Washington meeting of 
the American Chemical Society expressed in its program 
a principle which the Division has long recognized 
through its official publication—the JOURNAL OF 
CHEMICAL EpucaTion—and through the activities of 
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some of its committees. That is that chemical educa- 
tion is not exclusively a formal classroom affair. The 
response, measured by the attendance, the interest 


displayed by the audience, and the post-meeting com-' 


ments exceeded all reasonable (or at least all conserva- 
tive) anticipations. 

It seems to us that the reaction to this program, to- 
gether with the general interest aroused by several 
joint symposia in which the Division has participated 
in the past, should indicate very clearly a proper Divi- 
sional function which apparently has not constituted 
a conscious objective heretofore. There is evidently 
a need and an active demand for a common meeting 
ground for chemists of diverse specialities but of broad 
general interests at the semi-annual conventions. The 
Monday afternoon general programs of the Society have 
met that need in part. Unfortunately, there are always 
many chemists who arrive toolatetoattendthem. That 
many others would welcome more sessions of this nature 
is indicated by the considerable number who attended 
both the general meeting of the Society and that of the 
Division in Washington. The Division of Chemical 
Education would be operating well within the field of 
activities appropriate to its aims if it were to plan de- 
finitely to devote one half-day program at each meeting 
to papers of general interest to both academic and non- 
academic chemists. 

In addition to fulfilling an actual need, such a course 
would have the happy incidental effects of acquainting 
other chemists with the fact that the interests of our 
own Division are neither exclusively nor narrowly peda- 
gogical, and of cementing more closely the bond between 
the Division and the parent Society. There is scarcely 
a chemist in the Society who is not concerned with 
chemical education in one phase or another, yet all too 
few of them realize any community of aims and interests 
with the Division of Chemical Education. We might 
well undertake some educational work along this line. 





The Sphinx has posed many 
a riddle in its time, but ‘‘Chem- 
istry in the Service of Egypt- 
ology’’ ts beginning to answer 
some of them. 

Other contributions of the 
science to archeological lore are 
discussed by A. E. Marshall in 
“An Assyrian Text on Glass 
Manufacture” (p. 267f.) and 
William Foster in ‘‘Chemistry 
and Grecian Archeology” (bp. 
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CHEMISTRY in the SERVICE 
of EGYPTOLOGY’ 


LYMAN C. NEWELL 


Boston University, Boston, Massachusetts 


Archeology for many years was largely a matter of 
excavating, naming, and then displaying antiquities. In 
recent years, however, the problems of identifying and 
preserving objects have become so important, and often 
complex, that chemists and other specialists in science 
have been invited to coéperate with archeologists. This 
paper is a general account of the contributions of chem- 
ists to the work in Egypt. 


++ ooo r+ 


GYPTOLOGY is the scientific investigation or 
study of the antiquities of Egypt. The pioneers 
in this field of research were zealous men and ac- 

complished an excessive amount of work under hazard- 
ous and discouraging conditions. Their results in 
many instances were valuable contributions to this 
fascinating field of scholarship. In some cases, how- 
ever, their conclusions were of limited value or actually 
erroneous through their failure, unintentional no doubt, 
to enlist the codperation of scientists in allied fields. 
Indeed, actual scientific progress in excavating, clean- 
ing, preserving, and identifying many precious objects 
discovered in Egyptian tombs was not rapid nor entirely 
reliable until chemists, physicists, botanists, and bac- 
teriologists were added to the usual staff of trained exca- 
vators. The most conspicuous example of the value 
of such scientific codperation was in the make-up of the 
group of men who examined the contents of the tomb 
of Tut-ankh-Amen. On the staff were two chemists, 
one trained in the examination of Egyptian antiquities 
and the other skilled as an expert in chemical archzol- 
ogy. Many men, to be sure, contributed to the over- 
whelming success of the Tut-ankh-Amen expedition, 
but it is well within the limits of truth to say that the 
preliminary, perhaps ultimate, preservation, as well as 
the correct identification, of many objects from this 
tomb was due to the timely advice and skill of the 
chemists. Other scientists, particularly botanists and 
bacteriologists, subsequently contributed their share. 
Nevertheless, one of the chemists—the one specifically 
trained as an Egyptologist—was on the spot when 
the treasures were removed, or prepared for removal, 
from the tomb, gave technical advice for the preliminary 
preservation, and soon afterward made tests to identify 
certain substances and to determine the nature of many 
others. ; 


* Presented before the Division of History of Chemistry of 
the A. C. S. at the Denver meeting, August, 1932. 


This paper is limited to a consideration of the signifi- 
cant service of chemistry to Egyptology, leaving for 
another paper the discussion of details and debatable 
topics. 

LIME 


One of the errors made by early Egyptologists and 
transmitted through books to our own time was the 
alleged use of lime. Thus, several current books on the 
history of chemistry (e. g., Thorpe’s ‘‘History of Chem- 
istry”) refer to the use of lime in making mortar or 
plaster and also as a depilatory in tanning skins. Pos- 
sibly the error first arose from an incorrect or careless 
use of the word lime to designate limestone, an error 
which we repeat today in speaking of ‘‘lime compounds” 
when we mean calcium compounds. Thus, a noted 
Egyptologist (Sir Flinders Petrie) calls limestone ‘‘lime”’ 
in describing the ingredients used in making a blue 
pigment. A more probable source of the error is the 
fact that most Egyptian plasters and mortars contain 
calcium carbonate, and the early investigators hastily 
concluded that in Egypt lime was added to the other 
ingredients and ultimately became calcium carbonate, 
just as it does in northern latitudes. These men also 
overlooked the fact that the ancient Egyptians did not 
usually use mortar to stick stones together but as a 
cushion or finishing material. The blocks of stone in 
many instances were dressed to fit one another and 
needed no cementing material. Again they ignored the 
fact that the ancient Egyptians almost invariably used 
plaster as a covering to fill in irregularities and make a 
smooth surface or in many cases to prepare a suitable 
surface for the application of paint. However, as soon 
as tests were made by chemists employed, or summoned 
in, by later Egyptologists, the whole matter was cleared 
up and the truth published. Analyses showed that 
ancient Egyptian plaster and mortar were made by 
burning crude gypsum (not limestone). This mineral 
was abundant in ancient Egypt and is found and 
worked today in the vicinity of Cairo and Alexandria 
and in the regions south of the former city. But the 
deposits are impure, 7. e., the gypsum found in Egypt 
from the earliest days to the present is a mixture of cal- 
cium sulfate, calcium carbonate, and silicon dioxide. 
For example, in modern Egyptian gypsum, calcium sul- 
fate ranges from 75.4 to 89.9, calcium carbonate from 
8.0 to 17.0, and silicon dioxide from 2.1 to 7.6 per cent. 
In several samples of ancient Egyptian gypsum-mor- 
tar, calcium sulfate ranged from 23.4 to 97.3, calcium 
carbonate from 0.7 to 71.8, and silicon dioxide from 
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Nile mud (generally mixed with chaff or straw) is being worked with a 
hoe, carried away in buckets and dumped in a pile. Lying on the ground 
in a row are three bricks, from the last of which a wooden mold, used in 
shaping them, is being lifted. An overseer with a stick is seated close by. 
The finished bricks are carried off by means of a yoke across the shoulders. 














MAKING SUN-DRIED BRICKS 


From a wall-painting in the tomb of Rekhmara at Thebes. 
Dynasty XVIII (1580-1350 B.C.). 


2.0 to 25.5 per cent. A group of normal plasters from 
tombs in the Theban necropolis ranged thus: calcium 
sulfate, 15.5 to 85.5; calcium carbonate, trace to 67.5; 
silicon dioxide, 9.0 to 27.0 per cent. It is clear from 
these analyses that the calcium carbonate in Egyptian 
plaster and mortar is not the result of a chemical change 
in lime but was there originally as an impurity. 

Further study by chemists led to the conclusion that 
the ancient Egyptians doubtless found by experience 
that a suitable plaster could be obtained by heating a 
stone we now know was crude gypsum at a moderate 
temperature, 7. e., at a much lower temperature than 
that required to make a plaster by heating another 
abundant stone we now know as limestone. This is 
an interesting historical fact because fuel was scarce 
in ancient Egypt. 

The problem was obscured for a time by the discovery 
of mortars containing little or no calcium sulfate but a 
large proportion of calcium carbonate and silicon di- 
oxide. However, the confusion of the chemists was 
subsequently removed by the added discovery of the 
archeologists that these ‘‘limestone mortars’”’ were not 
ancient at all but dated from the Roman era in Egypt 
(beginning about 30 B.C.). Students of Roman arche- 
ology added the needed point, viz., that in Italy 
lime-mortar was used exclusively because the gypsum- 
mortar did not withstand the moist climate. The 
Romans tried to do in Egypt what they did in Italy 
and the results were disastrous. 

Regarding the recorded use of lime to remove hair 
from skins, the error probably arose from a “‘carry 
over’ of the modern custom. This error was corrected 
by chemists and archeologists who have shown that 
there is no recorded or pictured instance of the use of 
lime (CaO) for any purpose whatsoever prior to Roman 
times. Moreover this conclusion, as far as tanning is 
concerned, is supported by a picture on the wall of a 
tomb showing a workman removing the hair by scraping 
the skin with a knife on a sloping block.! 





1See A. NEUBURGER, “The Technical Arts and Sciences of 
the Ancients,’’ The Macmillan Co., New York City, 1930, p. 77. 
(A review of this book appears on p. 319 of this issue——Editor.) 
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PIGMENTS 


The walls of many ancient Egyptian tombs are deco- 
rated with scenes showing in conventional form the 
manners, customs, and occupations of the people, to- 
gether with elaborate delineations of religious, official, 


-and royal rites. Part of our knowledge of the chemistry 


of the ancient Egyptians is derived from these decora- 
tions. In many cases the colors are bright and fresh, 
apparently unchanged after a lapse of over four cen- 
turies. The excellent state of the painted walls has 
misled some ardent archeologists to the erroneous con- 
clusions that the ancient Egyptians used special pig- 
ments which do not exist today and that their composi- 
tion is a lost secret. As a matter of fact, the pigments, 
with exception of black, were minerals found locally, and 
their bright color and fresh appearance are due to the 
fact that they are not organic, like many modern 
coloring substances, but of a more or less permanent 
mineral nature. They have been subjected repeatedly 
to chemical analysis and we have a fairly complete 
knowledge of their nature and method of preparation. 

The white pigment was generally whiting (CaCOs), 
though sometimes powdered gypsum (CaSQ,:2H;0) 
was used. Both substances occur abundantly. Oc- 
casionally a gray pigment was used, and this was found 
to be a mixture of whiting and soot. In the tomb of 
Tut-ankh-Amen all the specimens of white pigment 
examined proved to be whiting. 

The red pigment was red ochre, powdered hematite, 
or calcined yellow ochre. Red ochre is a soft variety 
of hematite containing a little earthy matter, generally 
clay, and the coloring matter is ferric oxide. Hematite 
and red ochre occur naturally in Egypt. Yellow ochre 
is essentially a ferrous compound mixed with clay, and 
if calcined produces red ochre. The red pigment in 
Tut-ankh-Amen’s tomb was shown to be red ochre. 

The color of the ancient Egyptian blue pigment is 
stated by some authorities to be due to copper and by 
others to cobalt. Inasmuch as cobalt was found in 
only two cases and copper in all others, it is safe to con- 
clude that a copper compound was usually the essential 
coloring substance in the blue pigment. The first blue 
pigment of which we have definite chemical knowledge 
was powdered azurite (basic copper carbonate) which 
dates back to the IVth Dynasty (2900-2750 B.C.). 
The blue pigment for which Egypt was famous, and 
which is even now a substance of interest,* was an 
artificial frit made by heating silica, calcium carbonate, 
natron (impure sodium carbonate), and a copper com- 
pound (malachite). It dates from about the beginning 
of the XIth Dynasty (2160). This artificial frit has 
been investigated in modern times by many chemists, 
beginning with Sir Humphry Davy in 1815. About 
1892 it was first successfully reproduced by an English 
chemist. In 1914 his work was repeated and extended, 
resulting in a fairly complete account of the pigment. 





* So many inquiries about Egyptian blue pigments have been 
received, it has seemed advisable to write a special paper on this 
subject.—L. C. N. 
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A comparative analysis of a XIXth Dynasty (1350- 
1200) sample of blue frit and an imitation shows: 
XIXth Dynasty Artificial 
f % 
Moisture 
SiO 
CuO 
Fe20;—AhOs 
CaO 
MgO 
K:0 
Na2O 
The green pigment of the ancient Egyptians probably 
owes its color to copper. There is some uncertainty 
about the copper compound used, though it is fre- 
quently stated to be malachite, which is found in Egypt. 
Possibly this is correct in the case of the green pigment 
of the earliest periods, but certainly in the XVIIIth 
Dynasty (1580-1350), perhaps earlier, the green pig- 
ment was essentially a frit similar in composition to 
the blue one just described but probably containing a 
larger percentage of silica, which may have shaded the 
blue into green. Green paint and a small piece of 
green frit were found in the tomb of Tut-ankh-Amen. 
Two kinds of yellow paint were used by the ancient 
Egyptians. One was dull yellow in color and the other 
bright yellow. The former on analysis proved to be 
a natural yellow ochre containing hydrated iron oxide. 
The bright yellow pigment was found to be orpiment 
(arsenic sulfide). This does not occur as a mineral in 
Egypt and must have been imported. The artificial 
sulfide was used in other countries, but there is little 
doubt that the natural form was the one used in ancient 
Egypt when a bright yellow color was needed. 
The black pigment was some form of carbon, usually 
various grades of soot. In a few cases powdered char- 


coal was used. 


is 1. 
0. 


FAIENCE AND GLASS 


Both faience and glass were made in Egypt from the 
earliest times. They are closely related in composition 
and properties. Faience is the older. It is a typical 
product of ancient Egypt, dating from the so-called 
Archaic Period and reaching a high degree of develop- 
ment in quality and application as early as the Ist 
Dynasty, 7. e., about 3400 B.C., which is the date com- 
monly assigned to the commencement of Egyptian 
history when Menes united northern and southern 
Egypt and became King of the Ist Dynasty. 

The term faience, as used in Egyptology, is generally 
understood to mean a hard siliceous body coated with a 
colored glaze, essentially a low-melting glass. Glaze 
differed from glass not so much in composition and 
preparation as in application, 7. ¢., glaze was applied when 
molten (or dusted on and then melted) to the surface of 
an object, whereas glass was uniform throughout. 

Both faience and glass are much alike in appearance 
and this close resemblance has misled some zealous 
archeologists into conclusions which are still debatable 
in a few cases. These conclusions are not astonishing 
because many small objects were made of faience and 
of glass, e. g., beads, amulets, jewels, and parts of ob- 
jects connected with religious ceremonies and royal 


261 


Four men with mallets and chisels are dressing down blocks to true sur- 

faces. In lower left corner one of them is assisted by two more who test 

the accuracy of his work. After two edges of the block are determined a 

cord is stretched between two pegs and other pegs of equal length, held 

as a gage at any point on the surface, show how much remains to be 
chiseled away. 




















STONE-CUTTERS DRESSING BLOcKS 


From a wall-painting in the tomb of Rekhmara at Thebes. 
Dynasty XVIII (1580-1350 B.C.). 





functions, and for personal adornment. The errors 
arose in a sincere attempt to assign the objects to the 
earliest possible period. 

Before taking up this point, it is important to know 
that small glass objects were undoubtedly made in 
Egypt at a very early date. Several specimens claimed 
to be predynastic (prior to 3400) are exhibited in 
museums, particularly the British and the Berlin 
Museums. These predynastic or early dynastic speci- 
mens were sporadic or accidental and should not be 
regarded as the product of a developed industry. Reli- 
able evidence shows that the regular production of glass 
did not begin in Egypt until about the early part of the 
XVIIIth Dynasty (1580-1350), and by the middle of 
this period the manufacture and fabrication had reached 
a high standard. The remains of glassworks dating 
from this period have been found, and sites of others of 
a later date still may be seen. 

The nature of objects, 7. e., whether faience or glass, 
dating from the XVIIIth Dynasty is not a matter of 
dispute, but with the exception of a large bead bearing 
the cartouche of Amenhotep I (ca. 1650), which I saw in 
the new Ashmolean Museum, Oxford, England, a pre- 
dynastic (?) small Hathor head ‘now in the Museum of 
University College, London, England, and a predy- 
nastic (?) bead in the Berlin Museum—all three un- 
doubtedly of glass—there is some disagreement about 
other specimens claimed to be pre- or early dynastic. 
According to micro-chemical and special mineralogi- 
cal tests, certain specimens are not glass. For example, 
(1) some so-called predynastic glass beads are probably 
faience or glazed quartz; (2) an inlay reputed to be of 
the Ist Dynasty is probably faience; (3) some bracelets 
also said to be glass of the Ist Dynasty are the mineral 
turquoise; (4) a mosaic of the XIIth Dynasty is with- 
out question a natural stone; and (5) an inlay of the 
same period is likewise a natural stone. Similar cases 
might be cited, showing the aid given by chemistry, 
particularly micro-chemistry, to the solution of prob- 
lems of identification. 
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Ancient Egyptian glass was made by fusing a mix- 
ture of quartz-sand and an alkali called natron. Both 
ingredients were impure. Thus, the sand contained 
calcium and magnesium carbonates, and oxides of 
iron, aluminum, and manganese, and the natron con- 
tained sodium chloride and sodium sulfate (perhaps a 
small proportion of potash). Natron is a natural mix- 
ture of sodium compounds found abundantly in many 
localities in Egypt. Analyses of ancient natron from 
tombs gave these results: 


XVIIIth Dynasty 
a b ¢c 
% % % 
16.1 10.7 , 
10.7 11.9 
25.2 18.2 
27.8 12.4 


XIth Dynasty 


NazCOsz 
NaHCO; 
NaCl 
Na2SO,u 


All the samples contained silicon dioxide (SiO2) ranging 
from about 5 to 25 per cent. 
Analyses of modern natron show (minimum to maxi- 


mum)— 
Lower Eygpt Upper Egypt 
(] (] 
22.4 to 75.0 11.0 to 13.6 
5.0 to 33.8 1.5to 9.5 
4.3 to 26.4 12.3 to 57.3 
" 0.8 to 39.3 11.4 to 70.2 


NazCOs 
NaHCOs 
NaCl 
Na2SOu 
Faience was essentially a soda-lime-silicate, very 
similar in nature but not in proportions to modern glass. 
It contained less silica and lime but more alkali, and 
could therefore be made at a lower temperature than 
modern glass. 
Analyses of ancient Egyptian glass have frequently 
been made. A typical analysis of a specimen of 


XVIIIth Dynasty glass gave these percentages (mini- . 


mum to maximum): 


SiOz 59.0 t 
Fe20;—AlzOs 3t 
CaO : 
MgO ; 
Na2:O : 
MnO:z ; 


t 
t 
t 
t 


Other samples show potash (0.41-7.36%), copper oxide 
(0.0-12.02%), sulfur trioxide 0.0-5.46%), and fractional 
percentages of lead and tin. 

Ancient Egyptian glass was not made for use as a 
transparent material. Its main use was in making 
imitations of semiprecious stones. These imitations 
were extensively utilized directly for beads and ac- 
cessories of personal apparel and indirectly for jewelry, 
weapons, and an endless variety of objects used by 
priests, royalty, and the rich. 

Many colored glasses were made, especially reds and 
blues. The nature of the coloring substances was not 
fully explained until the characteristic constituents 
were revealed through analyses made by chemists. 
Opaque white glass was found to contain tin. Red 
glass, which was made to imitate the red variety of 
the semiprecious stone, jasper, owes its color to a 
copper compound (cuprous oxide), a result which was 
confirmed by the discovery of a somewhat deteriorated 
red glass with a green coating on the surface—the coating 
giving a distinct test for copper. . Blue glass has been 


JOURNAL OF CHEMICAL EDUCATION 


extensively analyzed, partly owing to the three shades 
(dark blue, light blue, and green-blue) and partly, no 
doubt, from a scientific interest in the predicated use of 
a cobalt compound, which is the usual coloring matter 
in blue glass of the present time. Most specimens of 
ancient Egyptian blue glass owe their color to a copper 
compound. In samples of one specimen copper was 
absent but iron oxide ranged from 1.4 to 8.6%. The 
color was green in three of the four samples and was 
doubtless due to iron. The dark blue glass which 
was made to imitate lapis lazuli was found in a few 
cases to contain a small proportion of cobalt. However, 
two chemists failed to detect any cobalt in thirty-eight 
specimens. A reliable authority concludes that the 
color of the light blue and the green-blue glass cannot 
be due to cobalt, and that the color of the dark blue 
glass was in most cases due to copper, the use of cobalt 
being the exception. Among the many specimens of 
dark blue glass taken from the tomb of Tut-ankh- 
Amen, only one gave a test for cobalt, the rest giving 
indisputable evidence of copper. . A specimen of yellow 
glass (XIXth Dynasty) was found to contain antimony 
and lead as the unusual constituents, though one author- 
ity asserts the color was due to iron and manganese. 
Green glass, according to most authorities, owes its 
color to copper, though it is possible that some green 
glass might be colored green by iron as in the case of 
some of our modern bottle glass. Amethyst glass owes 
its color to manganese. A few specimens of black 
glass were found to contain copper and manganese 
and one contained a rather large percentage of iron, but 
this kind of glass awaits more extended examination. 

It should be further noted that ancient Egyptian 
glass was molded or in the case of some objects was 
shaped from sticks. None was blown. Two pictured 
Egyptian workmen with long pipes in their mouths are 
often spoken of as glass-blowers. This interpretation is 
incorrect. Their real occupation was probably connected 
with some metallurgical process, which is still to be 
explained. Blown glass did not appear in Egypt until 
Roman times (7. e., about 30 B.C. onward to 640 A.D.). 


GOLD 


The Egyptians like other ancient peoples were skilled 
in the metallurgy of gold. Moreover, the mining, ex- 
traction, purification, working, and use of gold were 
conducted on an economic plan which commands the 
admiration of modern chemists. Much of the stupen- 
dous quantity of gold accumulated by the ancient 
Egyptians came through tribute or capture, though vast 
quantities were obtained from mines mainly within 
their own territory. Evidence of the extent of the 
mining is still found in Egypt, and the methods of ex- 
tracting, melting, weighing, etc., are preserved in pic- 
tures on the walls of several tombs. 

Gold ores from mines and from alluvial sands were 
treated differently, and probably yielded products dif- 
fering in purity, because they were distinguished by the 
two names “gold of the mountain” and ‘‘gold of the 
river.” 
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Fires are blown to a glow by wind from bellows 

worked with the feet and with cords held in the 

hands. In the lower register metal is melted in a 
crucible held over the fire between two rods 





Workmen carrying tongs 
and blowpipes 
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Vessels are beaten into shape by stones on 

anvils, polished smooth by small pebbles, and 

ornamented with incised decoration. The fire 

in the small furnace was probably used for 
soldering 


Laborer emptying basket 
of fuel, probably charcoal 
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METAL WORKING 


From wall-paintings in the tomb of Rekhmara at Thebes. 


In general the gold ore was first sorted by hand. 
The crude concentrate was crushed, powdered, and 
further concentrated by washing in bags or on a 
table. The gold residue was next melted with lead, 
and this alloy was then melted with salt and more lead. 
The furnaces were heated by a pair of bellows, each of 
which was operated by alternately pulling up with cords 
and compressing with the feet. At the end of about 


five days most of the impurities had passed off in the 
fumes or into the slag, and the gold was then removed 
and re-melted. By this technical process gold of high 


purity was obtained. 

The ancient Egyptians often cast their gold into 
rings which were carefully weighed on balances with 
weights especially made for this work. These opera- 
tions are pictured on the walls of tombs. 

The malleability and ductility of gold were well 
known to the ancient Egyptians. Pictures showing 
gold beaters and goldsmiths at work are found in 
many tombs dating as early as 2500, and a specimen of 
jewelry of hammered gold said to have been made as 
early as 3500 is in the Berlin museum. In fact several 
museums, especially the British museum, contain 
Egyptian jewelry and other ornaments which are ex- 
quisite examples of drawn and hammered gold. As 
early as 2600 objects of most varied shape and material 
were covered with thin sheets of gold. Egyptian gold- 
smiths made the sheets or leaf in much the same way 
as we do today, casting the metal first into small blocks, 
then rolling into thin plates, next placing the plates 
alternately between thin skins, and finally beating the 
pile with a stone hammer. According to Berthelot, 
gold leaf made about 2000 to 1800 was only 0.000004 
inch thick. 

Silver was known to the ancient Egyptians but came 
into use later than gold. An alloy of gold and silver 
(80 to 75 per cent. of gold and 20 to 25 of silver) was 
regarded by the ancient Egyptians as a distinct metal. 
Its real nature, however, was discovered later and it 
was then prepared by melting together the two metals 
in certain proportions—varying in silver content from 
about 11 to 22 per cent., in some specimens as high as 
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37 per cent. This alloy became highly prized and was 
widely used to make jewelry and coat wooden objects, 
e. g., furniture. It was at first called ‘‘asem,” but it 
soon became known as “‘electrum’’ or ‘‘elektron.” 
The purity of ancient Egyptian gold varied. So- 
called ‘‘fine’’ gold contained from 90 to 99.8 per cent. 
of the metal. Many large rings into which gold was 
cast for convenience in weighing, handling, storing, and 
using as currency have been found of 22 carats fineness. 
The color of ancient Egyptian gold depended on the 
purity, varying from rich yellow of the pure metal to 
silver-white of some varieties of electrum. Moreover 
certain kinds of impure gold, especially those contain- 
ing much copper or silver, tarnished in the tombs and 
often became brown or even black. This difference 
in color sometimes led early Egyptologists into error. 
Indeed the correct interpretation of the nature of many 
metallic antiquities found in tombs prior to the time 
of Tut-ankh-Amen (end of XVIIIth Dynasty—given 
as 1358-1350) was not possible until chemists and 
bacteriologists investigated the composition of the 
metal and of the nature of superficial deposits. 
Perhaps the most striking example of the service of 
the chemist in solving “gold” problems is found in the 
work done on some of the metallic treasures from the 
tomb of Tut-ankh-Amen. 5 
The tomb contained a large number of objects of 
gold, including a gold coffin over six feet long. There 
were also wooden objects coated with gold, some with 
sheets of gold and others with gold leaf, though the 
latter was much thicker than that used at the present 
day. The coating of gold varied in thickness from 
0.01 of a millimeter of the thinnest leaf to rather more 
than half a millimeter of the thickest sheet of gold. 
As usual, beneath the gold coating on the wood, there 
was a layer of white plaster known as gesso, which is 
essentially whiting to which a little glue is added. 
Gesso was used instead of gypsum plaster because the 
hard surface of the former allowed the gold layer to be 
burnished. A few gilded bronze objects were found, 
the thin coating of gold having been put on with a solu- 
tion of some adhesive gum or with glue. 




















One conspicuous feature of the gold was the varied 
color, sometimes in spots and sometimes over the whole 
surface. The colors included bright and dull yellow, 
various shades of gray, and a wide range of reds, 
the most attractive of the last being an unusual rose. 
The bright yellow was obviously quite pure gold, 
whereas the dull yellow contained, as shown by chemi- 
cal analysis, small proportions of silver and copper, 
which had undergone chemical change and thereby 
caused the tarnishing. The gray gold contained a 
large proportion of silver which had become converted 
on the surface into a chloride, and the latter had 
gradually darkened. The reddish brown gold gave 
tests for iron, silver, and copper, and the color was 
doubtless caused by oxides of iron and copper on the 
surface. In some instances the red or purple color 
was proved to be due to a very thin brown stain on the 
gold caused by organic matter. The rose color was not 
readily explained. It was shown that the color was not 
due to a colloidal modification of the gold, nor to a 
lacquer or varnish. The colored film was so exceedingly 
thin, probably less than 0.00001 inch thick, that chemi- 
cal analyses became very difficult. A trace of iron 
was the only metal found. One suggestion was that 
the rose color might be due to a very thin layer of 
iron oxide. Recent work by Professor R. W. Wood of 
The Johns Hopkins University confirms the conclusion 
that the color is due to iron. 

Some nails taken from the coffins were dark colored— 
one set brown and the other black. The heads were un- 
questionably gold, and the chemist was asked to explain 
what in former days of archeology would doubtless have 
been recorded as “black” gold. The touchstone 
method showed that the heads were largely gold and 
microscopic examination showed further that the heads 
were soldered to the shafts of the nails. By the touch- 
stone method it was also shown that the brown nail 
was approximately gold 67, silver 25, and copper 8 
per cent., and that the black nail was approximately 
silver 90, gold 5, and copper 5 (with a trace of lead). 
Clearly the nail containing the larger proportion of 
silver had become black by the chemical transforma- 
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tion of the silver into a chloride which ultimately dark- 
ened by exposure to light. 


SILVER 


Reference has already been made to this metal in 
connection with native gold and electrum, but one or 
two additional points need consideration. Silver as 
a distinct metal was probably known to the ancient 
Egyptians as early as about 2000 (7. e., in the 
period called the Middle Kingdom or XIth and 
XIIth Dynasties). It was not so plentiful as gold 
and was therefore regarded at times as more valuable 
than the yellow metal. The silver used by the ancient 
Egyptians contained other metals, especially copper. 
Moreover, it is not certain that the Egyptian artificers 
were adequately informed about the ease with which 
silver corroded. In any event it was used to make 
jewelry and other ornaments, to overlay objects of wood 
and metal, and as a foundation for gilding or for cover- 
ing with thicker sheets of gold. 

Egyptian antiquities made wholly or in part of silver 
vary in their state of preservation from a superficial 
tarnish to a complete transformation of the silver into 
a chloride. An excellent example of the service 
rendered by chemistry to Egyptology is seen in the 
treatment of several objects in the Cairo Museum. 
These objects were believed to be gold and were so 
labeled. But since they were covered with a dark in- 
crustation, which was hard and appeared to be metallic, 
they of course could not be entirely gold. Chemical 
analysis of a minute fragment by micro-methods showed 
that this outer layer was silver chloride and of the 
form known as “horn silver.’””’ Inasmuch as ammonium 
hydroxide would dissolve the silver chloride and not 
injure the gold, the objects were treated for several 
days with this reagent. The chloride on the surface 
at first disintegrated and eventually entirely dissolved. 
By watching the change, the objects were removed as 
soon as the black substance disappeared and revealed the 
underlying gold. Further chemical examination, also 
on a micro-scale, showed that the objects were not solid 
gold at all, but silver coated with thin sheet gold. It 
was concluded that portions of the silver had become 
partly converted into the chloride, which had worked to 
the surface and slowly formed the horny incrustation. 
Thus, the real nature of these antiquities was revealed 
by the chemist. 

The source of the substance which caused the trans- 
formation of silver into a chloride was a matter of con- 
jecture until tests showed it was common salt. In 
Egypt salt occurs almost everywhere, particularly in the 
limestone rock in which most of the tombs are cut and 
also in the sand of the desert. Hence its presence in 
tombs and in the dust in the air is not surprising. 
Many tombs were damp and in certain parts of Egypt 
torrential rains washed salt from the air. Salt is also 
an impurity in the alkali called natron; the proportion 
often reaches over 50 per cent., the extremes being 
about 4 to 57 percent. Natron was used in embalming, 
and three samples taken from tombs constructed in 





May, 1933 


the XVIIIth Dynasty (approximate time of Tut-ankh- 
Amen) ranged from 18.2 to 39.3 per cent. of sodium 
chloride. The amount of sodium chloride in a damp, 
hot tomb acting through many years was doubtless 
sufficient to bring about the transformations cited. 


IRON 


Upward of one hundred fifty objects were found 
upon, or directly associated with, the mummy of Tut- 
ankh-Amen—girdles, daggers, jewelry, amulets, and a 
dazzling collection of ceremonial and royal insignia. 
Three of these objects were found by the chemist to be 
iron—a bangle or bracelet, a miniature pillow or head- 
rest, and a dagger. The haft of the dagger was of 
gold. The blade of the dagger when discovered was 
clean and bright except for afew spots. Micro-chemi- 
cal and photomicrographic tests revealed that these 
three iron objects were of the variety commonly called 
wrought iron. According to a reliable authority this 
is the first authentic intentional inclusion of iron in 
Egyptian civilization. Its historical significance is 
heightened through the discovery of its real nature by 
chemical and photographic methods. 


PRESERVATION OF EGYPTIAN ANTIQUITIES 


All objects as found in tombs are dirty, some are 
broken, and many are in a bad state of preservation, 
e. g., disintegrated, corroded, or stuck together. Hence 
a certain amount of cleaning, repairing, and temporary 
preserving are necessary before the objects can be safely 
packed and transported. In this preliminary treat- 
ment given within or near the tomb, chemistry has 
played an essential part at a critical time. 

Before an antique object can be handled, cleaned, or 
temporarily preserved, its nature must be known and 
also the kind and extent of any change or deteriora- 
tion that may have taken place in the tomb or might 
occur on removal to the outer air. On this knowledge 
the archeologist bases his whole procedure from tomb 
to museum. Hence the aid chemistry can render 
archeology is not limited to analyses mainly made, as 
previously implied in this paper, to identify unusual or 
special materials so as to enable the archeologist to de- 
scribe them correctly or to enumerate the substances 
used in their manufacture. The work of the chemist 
also includes the prompt and correct solution of prob- 
lems involving preservation. And we are not too 
optimistic in predicting that the chemist will soon be 
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recognized as a per- 
manent member of the 
staffs of all museums 
and an indispensable 
member of all archzo- 
logical expeditions. 
As in the other part of 
this paper, so here, 
the treatment will be 
limited to conspicuous 
examples of the service rendered by chemistry to 
Egyptology. 

Wooden objects when taken from the tombs often 
crack or, if jointed, warp and ultimately may fall apart, 
often disrupting the ornaments or the decorated gesso 
(plaster made of whiting and glue) with which the box 
is overlaid. This difficulty has been largely overcome 
by impregnating the wooden object with hot paraffin 
wax. This method of treatment was first suggested 
by the archeologist, Sir Flinders Petrie, who used it to 
a limited extent. The details, however, were worked 
out by chemists who improved the technic; e. g., pre- 
liminary drying and heating of the object, use of paraf- 
fin wax of the appropriate melting point (preferably one 
melting at a rather high temperature aud within a 
limited range of degrees), temperature of melted wax, 
duration of immersion, method of application to small 
objects, removal of excess of wax, etc. Paraffin wax 
has also been successfully used by chemists in preserv- 
ing beadwork, and objects made of bone, ivory, horn, 
and gesso. A conspicuously successful use of paraffin 
was made in the case of a wooden box from the tomb of 
Tut-ankh-Amen. The box was a casket made of wood 
and coated with gesso on which were brilliantly painted 
scenes, mainly extolling the young king. It was seen 
at once to be an artistic treasure. When found, the 
box was in perfect condition except for a slight opening 
of the joints. The box was removed from the tomb. 
Three or four weeks later it was noticed that the joints 
were opening farther, and the gesso had begun to buckle 
in some places. Obviously the wood was shrinking. 
That is, owing to the difference between the humid at- 
mosphere of the tomb and the dry air outside, the wood 
had begun to shrink and the gesso, which did not shrink, 
was rising from the wood. The box was promptly 
treated with paraffin wax, the wax which penetrated 
the wood stopped the shrinking, held everything firm, 
but did not affect the colors. Thus, by a process which 
was not unusual to a chemist, this priceless treasure 
was preserved. Paraffin wax was also used to fill thin 
vessels, such as vases, and thus permit safe handling. 
Small holes or cracks in delicate objects were filled by 
paraffin, in special cases introduced into the cavity by 
a small pipet heated on the outside by water. In some 
cases a solution of paraffin was sprayed upon a fragile 
object, but such a solution could not be applied to 
fabrics because the wax masked the pattern and color. 

Many objects in tombs are exceedingly fragile and 
some, particularly textile fabrics, are so tender or 
badly decayed that their preservation requires unusual 
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manipulative dexterity and expert chemical knowledge. 
Hence such objects, if they are to be saved at all, must 
be strengthened before they can even be handled, and 
later fortified by further treatment before they can be 
displayed in a museum. Chemists have found that 
tender fabrics can be satisfactorily strengthened by 
spraying them with a dilute solution of celluloid or of 
cellulose acetate. The celluloid is dissolved in acetone, 
or in amyl acetate, or in a mixture of these solvents; 
the cellulose acetate is dissolved in acetone. The con- 
centration of the solutions is about 2.5 per cent. The 
usual apparatus for spraying is on the principle of an 
ordinary atomizer. If the object is sufficiently firm, 
however, the solution may be successfully applied with 
a small, soft brush. An excellent example of preserva- 
tion by spraying was the procedure carried out by a 
chemist with a pall discovered in the tomb of Tut- 
ankh-Amen. The pall was a large linen fabric be- 
spangled with gilt-bronze marguerites which weighted 
it down but had not torn it from its wooden supports. 
It drooped over and completely covered the second 
shrine, and was seen to be very weak, so weak that it 
seemed as if it could not stand removal. Its threads 
were decayed in places and it was badly rent on the 
edges. To allow removal the threads must first be re- 
enforced with some flexible substance which would 
hold them together strongly enough and long enough to 
permit winding on a long roller. Three solutions were 
tried on a small portion of the fabric. Collodion proved 
unsuitable because it dried in such a way that it left a 
solid film from thread to thread, gave a glossy appear- 
ance to the fabric, and added only a little to the tensile 
strength of the threads. A solution of celluloid in 
acetone increased the tensile strength of the threads but 
lessened the flexibility of the fabric. Finally a dilute 
solution of a commercial substance called “‘Duroprene”’ 
was tried. It is a chlorinated rubber derivative which 
dissolves readily in xylol. A preliminary trial showed 
that this solution was satisfactory. After evaporation 
of the solvent, there were no glistening films, the threads 
were remarkably strengthened, and the fabric was 
flexible. Consequently ‘“‘Duroprene’’ was applied to 
the whole pall, which was subsequently wound upon a 
specially made wooden roller and then transported to 
a place where the deteriorated fabric could be further 
reénforced and lined for final preservation. 
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Another example of preservation by spraying was the 
treatment of the two funerary bouquets found in the 
tomb. If handled, or even touched, they would have 
fallen to pieces and been lost forever. Hence, without 
moving or touching them, they were sprayed three or four 
times with dilute celluloid solution. Thus treated, they 
became firm enough to remove and pack, and subse- 
quently they were shipped to Cairo with scarcely any 
injury. 

PHOTOGRAPHY 


Photography plays an important part in Egyptology. 
Before any objects are removed from a tomb, a pre- 
liminary set of photographs is taken in panorama to 
show the general appearance of each room, and as soon 
as the objects are labeled, a second series is taken to 
show the exact position of each object. During re- 
moval of the objects a series of photographs is taken to 
show stages in clearing out the tomb, to get better, 
more detailed pictures of certain objects, or to secure 
a picture of some object which has fallen, or may fall, 
to pieces during removal. 

Each object after removal to the workshop or labora- 
tory is again photographed, this time to scale, usually 
from several angles and often in a group of related ob- 
jects for comparison. 

Photography, to repeat, is an essential part of Egyp- 
tology, and chemistry has been of incalculable service 
by providing the proper kinds of plates and developers. 

Although it is only within the last few years that the 
chemist has served the archeologist, the results of co- 
operation show clearly that many problems in arche- 
ology can be solved only by utilizing the tools and proc- 
esses of chemistry. 
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An ASSYRIAN TEXT on 
GLASS MANUFACTURE 
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Studies of the many authentically dated specimens of 
ancient glass in museums and private collections have 
enabled investigators interested in the origin and progress 
of glass manufacture to reach some tentative conclusions 
on the succession of glass-forming processes. There 1s, 
however, a dearth of information on the chemical com- 
positions of ancient glassware or the raw materials used 
by early glass workers. 

R. Campbell Thompson in “The Chemistry of the 
Ancient Assyrians’ (published in a limited edition in 
1925) offered a careful translation of certain seventh 
century B.C. Assyrian cuneiform tablets dealing with 
glass compositions and melting technic. This work is 
reviewed and used as the basis of an estimate of the chem1- 
cal knowledge of the Assyrian glass workers. 


+++ + + + 


NE of the most famous examples of ancient glass 
manufacture is the small vase, originally trans- 
parent and faintly green in color, but now 

slightly opaque through surface decay, which occupies 
a place of honor in the British Museum and is described 
as “‘Glass Vase with Sargon’s name and the lion device 
marking his property.” 

This vase was discovered in 1847 by A. H. Ledyard 
during his excavation of Nimroud, the site of an As- 
syrian palace some miles from Ninevah. 

The Sargon vase, which is 90 mm. high and 40 mm. in 
diameter at the neck, is thus described by Ledyard'— 


On this highly interesting relic is the name of Sargon, with his 
title of king of Assyria, in cuneiform character, and the figure of 
alion. We are therefore able to fix its date to the latter part of 
the seventh century B.C. It is, consequently, the most ancient 
known specimen of transparent glass, none from Egypt being, it 
is believed, earlier than the time of the Psamettici (the end of the 
sixth or beginning of the fifth century B.C.). Opaque colored 
glass was however manufactured at a much earlier period, and 
some exists of the fifteenth century B.C. The Sargon vase was 
blown in one solid piece, and then shaped and hollowed out by a 
turning machine, of which the marks are still plainly visible. 


In the eighty years which have elapsed since Ledyard 
discovered and described the Sargon vase the archzolo- 
gists have thrown new light on the probable origin of 
Egyptian glass, and discoveries in Mesopotamia have 
somewhat changed our views on the beginnings and 
the development of the manufacturing arts. 

Careful studies of dated pieces of glass have also 


* Consulting chemical engineer. ‘ 


1 A. H. Lepyarp, “‘Ninevah and Babylon,’ London, 1853, 
pp. 196-7. 


permitted the development of an approximate chro- 
nology of glass-working processes in ancient countries. 

Ledyard’s statement “blown in one solid piece’ is 
either a curious blunder (for Ledyard knew something 
of glass technology) or an unintentional use of ‘“‘blown’’ 
for “‘gathered,’’ as the Sargon vase was undoubtedly 
shaped by carving methods from a solid block of glass. 
It is not therefore, as some authors have assumed from 
reading Ledyard and without examination of the vase, 
prima facie evidence of the existence of glass-blowing 
processes in Assyria in the seventh century B.C. 

The Sargon vase, apart from its historical importance, 
has an interesting association with the chemistry of 
glass, as our present earliest record of glass composi- 
tions is derived from certain cuneiform tablets prepared 
under the direction of Ashurbanipal, who became king 
of Assyria thirty-six years after the death of Sargon, 
and imagination does not have to be brought into play 
to link the manufacture of the Sargon vase with the 
knowledge displayed in the Assyrian cuneiform text- 
book on glass technology. 

In considering the handicraft products of the Assyri- 
ans it must be remembered they may have retained 
something more than a trace of the broad knowledge of 
the arts possessed by the Sumerians who, two thousand 
years before Sargon, were losing a twenty-five century 
control of Mesopotamia and passing under the succes- 
sive domination of the Semites, Hittites, and Babyloni- 
ans. The Sumerian civilization, as evidenced by the 
recent exploratory work of the joint expedition of the 
University of Pennsylvania Museum and the British 
Museum at Ur (the Biblical Ur of the Chaldees), 
was of a high order, and while a generation ago it was 
quite generally accepted that the earliest Eastern 
civilization originated in the Nile Valley, it seems prob- 
able that, as Langdon? says, after a careful survey of 
available evidence: 

The writer inclines to the belief that a great prehistoric civiliza- 
tion spread from Central Asia to the plateau of Iran, and to 
Syria and Egypt long before 4000 B.C., and that the Sumerian 
people, who are a somewhat later branch of this Central Asian 
people, entered Mesopotamia before 5000 B.C. 

From the standpoint of information on the origin of 
glass manufacture, the Mesopotamian explorations 
have, up to the present, added no new data, as glass, 
except for some fritted beads found at Ur and dated 
as approximately 2450 B.C., does not appear in the 
lists of materials found in the Sumerian tombs and 


2 “Cambridge Ancient History,” 2nd ed., University Press, 
Cambridge, England, 1924, vol. 1, p. 362. 
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debris heaps. However, archeologists have only begun 
the exploration of ancient Mesopotamia, and, provid- 
ing the glass compositions were of the enduring kind 
and not, because of high alkali content, liable to age- 
decay, it is possible that we shall shortly be able to 
trace backward from the Sargon Assyrian example of 
722 B.C. and the cuneiform text, to the much earlier 
periods when the breadth of knowledge indicated by 
the text was in process of development. 

While the text on glass making was once part of the 
magnificent Royal Library at Ninevah assembled and 
transcribed under the direction of King Ashurbanipal 
(668-626 B.C.), it is not impossible that the text is an 
edited copy of a much earlier work, as certain other 
tablets, dealing with medicines, have been traced back 
to texts incised six centuries earlier. 

To the zeal of Ashurbanipal as a collector and pub- 
lisher of ancient works we also owe one of the most inter- 
esting poems in the world, ‘“The Epic of Gilgamesh,” 
a poem of undoubted antiquity as there are an existing 
Sumerian fragment (ca., 4000 B.C.), three tablets in 
Akkadian (ca., 2000 B.C.), fragments of a Hittite 
edition, and a single tablet from Ashur. The edition 
of Ashurbanipal (now in the British Museum) is in 
twelve tablets, each containing about three hundred 
lines in meter. 

I have elsewhere* briefly reviewed Mr. Thompson’s 
translation from the standpoint of glass technology, 
and in this present paper I propose to consider, as evi- 
denced by the text, the chemical knowledge of the 
Assyrian glass workers of the seventh century B.C. 

The translation of a cuneiform text, and more 
particularly a technical text, is a matter of extreme 
difficulty as it can only be approached by deductive 
methods which would do credit to Sherlock Holmes. 

The procedures followed by Mr. Thompson will be 
evident from the following quotation. 

We may premise that, in all these texts dealing with glazes or 
glass, each receipt must surely contain some clear indication that 
the glass base, frit, strass, or whatever it be, is included. It 
must either be referred to definitely by name, or else its full com- 
ponents must be detailed, or, as a third method, the previous 
receipt containing the glass must be referred to (as in PI. i, 
K. 203, vi, 4). I mention this because it is a most important 
clue to the identification of several ingredients, and yet I do 
not think it an unfair postulate, for we may surely regard these 
texts as having been made with great exactitude for the benefit of 
craftsmen of every capacity and degree. If we apply this postu- 
late to the glass-receipts, we shall find that it will divide them 
into two classes marked respectively by: 


(1) The presence of such names for different kinds of glass 
as can be definitely identified from the components which are 
given in detail in the special receipts devoted to their manu- 
facture. 

(2) The absence of such names of easily-identified glass 
among the components. 


Starting with the lamentably few analyses of ancient 
glass which have been recorded, and the knowledge 
that lead was an unlikely component, the translator, 
by a comparison of the major constituents of the various 
compositions in the text, and through philologic paral- 


3 Am. Ceram. Soc. Bull.,7, No. 1 (1928). 
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lels with Arabic and Greek words, has concluded that 
the starting point, or base, was an alkali-sand-lime 
glass. 

If we take the proportions of raw materials in the 
base compositioris and consider the sand and calcium 
carbonate to have been fairly pure, and the alkali to 
have had a soda content about the same as “‘Barilla’’ 
or ‘“‘Rochetta” (both made by lixiviating salt-marsh 
grasses) we can reconstruct one of the glass composi- 
tions as very roughly 65% silica, 25% soda, and 5% 
lime—in other words, a nearly transparent but some- 
what unstable soda lime glass. The identification of 
the alkali as a type of ‘Barilla,’ does not present the 
difficulties associated with the recognition of other 
materials in the text formulas, as the Assyrian word 
“‘uhulu’”’ has its counterpart in the Syriac ‘‘ahla” which 
means a lye made from plant ashes. 

It is apparent from a study of all the formulas that 
the Assyrian glass workers made up a practically color- 
less high-alkali glass as a semiraw material, and then 
by melting a given weight of the roughly powdered base 
with metallic oxides, etc., they secured the colored 
glasses which were worked up into the desired finished 
shapes. 

The shaping technic is not described in the text, but 
examination of authentically dated Assyrian glass of 
the period suggests that while a blowing process was 
used at times, the gathering of molten material on a 
hollow pipe (the ‘‘punty”’ or “‘pontil”’ of the last several 
hundred years) was unknown. It seems likely that 
the glass was worked into rods, the rods wound around 
a removable core (probably sand), then the object was 
attached to a pipe, heated to the softening point, and 
worked to its final shape by free-hand methods. Many 
articles were, like Sargon’s vase, shaped from solid 
blocks by carving, and from one sample now in the 
author’s possession it seems quite likely the rough blocks 
of glass for carving were made by allowing a melt of 
glass, in a crucible or pot, to cool slowly, the pot being 
finally broken away from the glass. 

The Assyrians were of course excellent lapidaries, 
and it was a very natural procedure to employ stone- 
cutting and dressing methods for shaping glass, and 
even to form glass intentionally into shapes like rough 
stone blanks. 

To return to the text and the coloring substances 
used, Mr. Thompson furnishes competent evidence 
(even though largely by deduction) as to the occur- 
rence in the texts of: manganese dioxide, ferric oxide, 
cinnabar, antimony sulfide, arsenic trisulfide, salt- 
peter, gold, copper oxide, tin oxide. 

Mr. Thompson in developing the probable source 
of these materials has studied the minerals of Mesopo- 
tamia and, based on a location survey which indicates 
the first six items in the list were available in mineral 
form within 300 miles of Ninevah, he expresses the 
opinion that these substances should be considered as 
minerals and not manufactured products. 

Some further confirmation on this point is provided 
by the texts themselves, as we find an incomplete de- 
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scription of the manufacture of copper oxide coming 
between a colorless glass base formula and a descrip- 
tion of the making of a blue glass by the addition of 
copper oxide to the colorless base. 

The Assyrian copper oxide process is quite reminis- 
cent of Dioscorides, Pliny, and other later writers’ de- 
scriptions of methods for making ‘‘flowers of copper.” 

The incomplete text calls for the melting of ten 
pounds of copper in a clean crucible (melting pot) set 
in a furnace where a “‘fierce fire is kept burning.” 
The molten metal is spread and beaten out and placed 
on the roof (probably of the furnace). 

Evidently the melting of the copper was a step in 
forming thin plates which were heated to promote oxida- 
tion and beaten to remove the oxide scale. 

Another incomplete portion of the “‘blue glass” text 
seems to refer to a rough form of pyrometry, as the 
worker is instructed to “try” the furnace temperature 
by the time required for a stone jar of wine to reach 
the boiling point. Possibly the complete text, if it 
existed, would indicate that the stone jar was to be 
placed in a furnace outlet rather than in the furnace 
itself, as the temperature inside a glass-melting fur- 
nace would be too high for the successful use of a stone 
jar-wine thermometer. 

It is interesting to compare the Assyrian temperature- 
measuring device with the sixteenth century A.D. 
method of timing the melting of a lead cube or cylinder 
in an iron ‘‘try pot” set within a furnace. 


Perhaps the greatest surprise to the glass chemist is 
the appearance of gold as a coloring constituent in an 


Assyrian glass. The one formula having gold as a con- 
stituent refers to the final glass product as of a red coral 
color, and while we associate gold with ruby glass, 
Thompson points out the ruby was unknown to the 
Assyrians as also to the Egyptians. 

The. Assyrian glass workers were principally con- 
cerned with the simulation in glass of precious or valu- 
able minerals, and as red coral is found in the Persian 
Gulf, it seems quite likely that coral was the material 
imitated by the opaque red composition. 

The translation of the formula is: 

7200 parts plain glass base 20 parts antimony (sulfide ?) 

32 parts oxide of tin ? parts salt (peter) 

1 part gold 
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The gold content of the glass is therefore approxi- 
mately 0.015%, which is in fair agreement with the gold 
content of modern gold-ruby glass. 

The glass-melting operations of the Assyrians in- 
volved surprisingly large batches, as is evidenced, for 
instance, by the colorless base formula which calls for 
ninety pounds of raw batch for a single pot melt. The 
colored glasses were, however, made up in small batches 
ranging from one to four pounds, and possibly, like 
the later Egyptian glass of the second century B.C., 
these colored glasses were melted and worked in smaller 
furnaces. 

The list of glass formulas runs the gamut of color 
from colorless through opaque white, yellow, green, 
three kinds of blue (blue was a favorite Assyrian 
color), red, violet, brown, and black; so, while we lack 
actual examples of several of these colors, we have text 
references to compositions which we can predict would 
give glasses of the various colors as they were named 
by the compiler of the tablet textbook. 

We can even go some part of the way in predicting 
that the “‘green crystal’ composition of the cuneiform 
text would result in a glass very much like the glass of 
Sargon’s vase, and perhaps when the archeologists 
unearth other specimens of similar color we may be 
able, by analysis, to complete the identification. 

The recital of Assyrian glass formulas and the raw 
materials employed is satisfactory evidence of the useful 
knowledge of glass chemistry possessed by the workers 
who gave their data to King Ashurbaripal’s scribes for 
permanent preservation on incised clay tablets. Two 
thousand five hundred years from now these same clay 
tablets may still tell their story, but the twentieth 
century textbooks on glass manufacture will have 
turned to dust. The remote historian of the glass- 
manufacturing art may compare chemical analyses of 
archeological finds of our present-day glassware, but 
he will not be able to hazard the guess, as we have done 
with the Sargon vase and the cuneiform text, that some 
twentieth century A.D. blue glass vessel was made 
from the composition given on a page of a present-day 
textbook on glass manufacture. 


(Editor’s Note: A copy of the Assyrian text here discussed 
was included in the chemico-historica] exhibit at the Library of 
Congress during the recent A. C. S. meeting.) 





CONFERENCES ON RECENT DEVELOPMENTS IN CHEMISTRY 


In view of the success of a similar undertaking last year, The Johns Hopkins University will this summer conduct a second 
conference on recent developments in chemistry. This will operate in conjunction with the regular summer 
session, beginning June 26. The conference will be divided into five consecutive sessions of one week 
each. Each week will be devoted to one phase of chemical progress, and will feature lectures 
by men famous in that particular field. Students may register for the full five weeks 


or for any part of the program that interests them especially. 


Inquiries 


should be addressed to Professor Neil E. Gordon, The Johns Hopkins 
University, Baltimore, Md. 
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Since chemistry deals with the study of the composi- 
tion, properties, and transformation of all material 
things, it has innumerable applications in the arts and 
sciences. Thus, it has been of great service to archeology 
in the identification and analysis of various kinds of ma- 
terial things with which the archeologist has to deal, such 
as glass and pottery, metals and alloys, pigments and 
dyes, ancient buildings and tombs, embalming materials, 
and manuscripts and inks. Moreover, chemistry aids 
in the removal of corrosion from metals and alloys, and 
in the preservation of museum specimens. 


+++ + + + 


HE writer’s interest in chemistry as it relates to 
T archeology dates back nearly a quarter of a cen- 

tury. In 1908 Dr. O. S. Tonks, who was then 
preceptor in art and archeology in Princeton University 
but now head of the art department of Vassar College, 
was interested in finding out the composition of the 
lustrous black glaze of Attic pottery, so he naturally 
sought the advice and help of a chemist. Furthermore, 
for a number of years I have served unofficially as chem- 
ist for the American excavations which have been 
carried on at Corinth under the direction of Dr. T. 
Leslie Shear, professor of classical archeology in 
Princeton University. Professor Shear is now Field 
Director of the American School at Athens and Director 
of the Agora Excavations, and we have charge at 
Princeton of the investigation of chemical problems 
which call for solution from time to time. 


THE GLAZE ON GREEK POTTERY 


The Greeks produced pottery of a very high order 
from the standpoint of form and decoration. Numer- 
ous fine specimens of black-figured and of red-figured 
vases have been unearthed. Many generations of 
scholars have come and gone since Attic vases were 
first discovered, and the nature and composition of the 
lustrous black glaze has been a subject for speculation 
and discussion for a long time. The production of the 
very lustrous, permanent, black glaze was apparently a 
trade secret of the Athenians. Pottery with black 
glaze has been unearthed at Corinth, but the glaze is 
not equal to that of Attic pottery, and it chips off. 

Caylus, in 1761, as a result of his investigations, 
claimed that the glaze was composed of a ferruginous 


* Presented before the Division of History of Chemistry of the 
A. C. S. at the Denver meeting, August, 1932. 


earth, which he classified as “‘manganese.”” According 
to Caylus, this substance baked red, but could be 
rendered black by an admixture of color or of other 
earths. 

Dr. John Davy, in 1842, conducted a series of ex- 
periments and arrived at the conclusion that the glaze is 
“glass, colored by black oxide of iron, perhaps mixed 
with particles of metallic iron.’’ Davy suggested that 
it was fired in a ‘‘muffle kiln” and “equally defended 
from the fumes of the charcoal fire and the oxidating 
influence of common air.” 

According to Bliimner, some investigators have ad- 
vanced hypotheses that the black glaze might be 
graphite or magnesia, that it is an earth but not a 
metal, and that a combination of the oxides of iron and 
manganese may have produced the black. In sum- 
ming up the work done up to the year 1879, he claimed 
that the real nature of the black color had not been de- 
termined. 

Fowler and Wheeler, in their book entitled “Greek 
Archezology’”’ (1909), say: 


The nature of the glaze which is to be seen on the finished vase 
in both the black- and red-figured styles, and the methods of its 
application, raise puzzling questions about which there is as 
yet no general agreement. 


Such was the situation when we began our investiga- 


tions at Princeton. Experiments were first conducted 
to find out whether manganese is present as an essential 
constituent of the glaze, as claimed by some, or whether 
its presence is accidental. A fragment of a Greek vase 
weighing 51 grams was fused in a silver crucible with 
potassium hydroxide until the black glaze was removed. 
The melt was cooled, and after appropriate preliminary 
treatment it was tested for manganese by the ordinary 
methods, with negative results. These tests led to the 
conclusion that manganese is not an essential constitu- 
ent of the black glaze. 

In the second place, fragments of a vase were heated 
with a mixture of sulfuric and hydrofluoric acids until 
the glaze was removed. After the solution was prop- 
erly treated, the manganese was determined by the 
very delicate colorimetric method of Walters, 7. e., by 
oxidizing the manganese to permanganic acid by means 
of ammonium persulfate. The amount of manganese, 
calculated as MnO, was 0.06 per cent. The experi- 
ment was repeated with material taken from the body 
of the vase, and the percentage of MnO was identical, 
namely, 0.06. 
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The experiment was repeated with different samples 
of a vase, but in this case a diamond point was employed 
to remove the glaze. MnO to the extent of 0.04 per 
cent. was found both in the glaze and in the body of 
the vase. 

The small amount of manganese (about 0.05 per cent. 
of MnO) found in the glaze might very well have been 
accidental, for it is-well known that ordinary clays and 
rocks containing iron usually contain more or less man- 
ganese. 

At this stage of the experiments it was suspected that 
the black glaze might be due primarily to ferrous sili- 
cate, so this hypothesis was tested by a number of care- 
fully conducted experiments. In every case more ferrous 
iron was found to be present in the glaze than in the body 
of the pottery. 

In general, the glaze was removed by means of a mix- 
ture of sulfuric and hydrofluoric acids, care being taken 
to exclude the air. The iron was determined by oxida- 
tion with V/50 potassium permanganate. 

Due to the fact that the glaze could not be entirely 
freed from clay, it was impossible to determine the ab- 
solute amount of iron in the ferrous condition in the 
clay; but evidence enough was obtained to indicate 
that ferrous iron is responsible for at least part of the 
lustrous black of the decorating medium of Attic 
pottery. 

With these facts before us, Tonks conducted many 
experiments looking toward the synthesis of the glaze, 
and some of the results are very interesting. He says:! 

Not to be tedious by enumerating the number of trials I made 
before getting the desired result, I may say that it proved eventu- 
ally that a combination of eight parts of nitrate of soda to one 
of clay, fritted together, and then mixed in the proportions of 
two parts of frit to one of ferrous oxide, produced a glaze iden- 
tical with that on Greek vases. 


It was reasonable to suppose that the red glaze con- 
tains more iron in the ferric condition than does the 
body of the pottery, and less ferrous iron in the glaze 
than in the body. This hypothesis was confirmed by 
experiment. 

The tests were made upon a fragment of a Mycenzan 
vase and the results were as follows: 

Glaze 


0.44% 
8.16% 


Body of Vase 
0.56% 


Ferrous iron (FeO) 
7.36% 


Ferric iron (Fe20s3) 

After allowing for ferrous iron, the red glaze was 
found to contain considerably more ferric iron than 
did the body of the pottery. 

Charles F. Binns and D. D. Fraser? of the New York 
State School of Clay-Working and Ceramics, Alfred 
University, have recently made a study of the genesis of 
the Greek black glaze. 

They say: ‘The ceramist has not as yet been able to 
reproduce precisely the color and surface of the decora- 
tion as it was applied to the vases by these artists.” 
They alsosay: ‘‘As early at least as 1903, it was main- 
tained that the composition of Mycenzan and Attic 


1 Tonks, Am. J. Archeology, 12, 424 (1908). 
2 BINNS AND FRASER, ibid., 33, 1-9 (1929). 
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black glazes is identical, and the researches of Tonks 
and Foster at Princeton University in 1908-1910 fully 
established the thesis.’’ They also call attention to the 
fact that the black glaze retains its color when heated 
to a high temperature with air excluded, but turns red 
when similarly heated in air. 

The idea by Binns and Fraser, at the outset, was the 
same as that upon which Foster and Tonks had worked, 
namely, that iron oxide was added to the glaze mixture 
in the ferrous condition. ‘“There had been no thought 
of submitting the glaze itself to a reducing action in 
the firing. The endeavor was to use black oxide—black- 
smith’s scale was the usual form—and to prevent it from 
oxidizing in the kiln.” The essential points of their 
study were, first, that the formation of the black color 
in the glaze took place in the fire and there only, and, 
second, that while the reducing fire also blackened the 
body, this was re-oxidized and reddened during cooling. 

They say: 

Evidently the process of firing was conducted by the Greeks on 
this plan: as soon as the kiln attained a visible red color, or at 
about 600°C., a type of fuel which would produce a dense smoke 
was used. This was continued until the finishing temperature 
of about 950°C. was reached. The cooling was then allowed to 
proceed very slowly and with a smoky atmosphere down to about 
850°C., at which point the air was freely admitted but still with 
slow cooling. The glaze having become glossy in the fusion, the 
black iron oxide was locked in and could not change. The body, 
however, which had also been blackened was, in its porous condi- 
tion, able to re-absorb the necessary oxygen and to recover its 
red color. 


This theory, according to Binns and Fraser, has been 
substantiated by simply reversing the process. The 
neck of a vessel of which the body was gray throughout 
was broken, and one of the pieces was heated in air to 
800°C., whereupon the gray was changed to red, but the 
glaze was not affected. When a second piece was 
heated in air to 950°C., the glaze softened and as a 
result of oxidation changed to a chestnut brown. 


METALS AND ALLOYS 


The use of gold and copper dates from prehistoric 
times, and it is probable that these were the first metals 


used by man. In Egypt the extraction and use of 
copper can be traced back to about 3500 B.C., or 
shortly before the first dynasty. Stone weapons and 
implements were still in common use. As a rule, 
ancient gold is alloyed with silver, the latter metal hav- 
ing been known since at least 2000 B.C. Gold coins 
nearly 2500 years old have recently been found in the 
ruins of Sardis, the ancient capital of Lydia; they were 
coined during the reign of Croesus. According to J. 
Newton Friend, iron was known in Egypt in predy- 
nastic time, perhaps 4000 B.C., although it was not in 
common use until about 1300 B.C. Howard Carter 
says: 


However short, however hazardous Tut-ankh-Amen’s reign 
(1358-1350 B.C.), it marks an important point in Egyptian his- 
tory, for during that brief period of nine years iron was introduced 
into Egypt—the greatest empire of the age of bronze. Upon 
his mummy was found a beautifully wrought dagger of iron; with- 





_ 


in that innermost treasury was a set of model tools of iron, placed 
there as if to record the introduction of that new and special 
metal into Egypt. 


Lead is mentioned in the Old Testament: 


Thou didst blow with thy wind, the sea covered them: they 


sank as lead in the mighty waters. (Ex. 15:10). 


Pliny points out a distinction between lead and tin. 
Lead was used by the ancient Romans for water pipes. 
Mercury was first described by Greek writers. Its 
ability to dissolve other metals, such as gold and silver, 
was known before our era. A ring of tin has been dis- 
covered which dates from 1450 B.C. 

The manufacture of bronze, an alloy of copper and 
tin, dates from about 3000 B.C. The Bronze Age fol- 
lowed the Stone Age and it began in Europe about 2000 
B.C. 

Garland and Bannister say: 


Previous to 1000 B.C., all the chief useful metals were being 
worked by the Egyptians, and the only ores that are now of ex- 
tensive industrial importance, and were then unknown, are zinc, 
nickel, and aluminium. 


Gold, silver, copper, iron, and bronze are used in 
works of art. Gold is noted for its beauty, durability, 
and plasticity; and molten bronze for its great fluidity. 
Bronze was hardened, and fashioned into knife and 
razor edges of the utmost keenness. 

Brass, an alloy of copper and zinc, has been long in 
use, but is more modern than bronze. The word was 
used indiscriminately in the Old Testament, both for 
copper and its alloys. 


COINAGE OF METALS 


Coins are of great value to archeologists, for they 
give information needed in fixing the chronology of 
ancient arts. There is a special branch of knowledge 
called numismatics (Latin, nmumisma, coin), which 
may be defined as the science of coins and medals. 
A coin is a lump of precious metal of fixed weight, 
stamped with the mark of some authority. It is prob- 
able that coins were invented by the Lydians. The 
earliest coins were struck from electrum, an alloy of 
gold and silver, which was found in the bed of the river 
Pactolus and in other rivers of Western Asia. He- 
rodotus called this alloy “white gold,” for it was of a 
light yellow color. Electrum usually contained 20 to 
25 per cent. of silver. The Greeks supposed it to be a 
separate metal, reckoned by them as having three- 
fourths the value of gold and ten times the value of 
silver. Ancient gold contained more or less silver, and 
the latter contained gold. The following analyses are 
of interest. 

ANALYSES OF ANCIENT EGYPTIAN METALS 


Electrum Gold Silver 
% % % 

84.2 92.3 14.9 

13.5 3.2 74.5 


Gold 
Silver 


Analyses of different samples vary, and copper is 
frequently found associated with gold and silver. 
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The invention of coinage by the Lydians was adopted 
by the Ionian cities of the coast, by Miletus, etc. An 
electrum coinage was current over all the Asiatic side 
of the Levant. The gold coin contained 130 grains. 
Herodotus tells us that in Asia in Persian times the 
value of gold to silver was as 13:1. In Mesopotamia 
bars of silver weighing 169 grains were in use, and ten 
of these (1690 grains) passed for 130-grains of gold. An 
electrum coin of the weight of a bar of silver passed 
for ten bars of silver. 

Croesus, the last king of Lydia (560-546 B.C.) was 
one of the picturesque and romantic figures of the 
ancient world. He was rich and powerful. “As rich 
as Croesus,” is a phrase common to English speech 
and quite frequent in literature in reference to any ex- 
cessive accumulation of wealth. 

The kings of Sardis had natural deposits of gold at 
their threshold, so the city leaped into a position of 
world supremacy. The Lydians knew how to separate 
gold from silver. On one occasion Croesus sent 117 
ingots of precious metal to Delphi; four of these were 
refined gold and the rest electrum. The Spartans sent 
agents to Sardis to purchase gold with which to enrich 
the statue of Apollo; Croesus made them a gift of all 
they asked. Many gold objects of exquisite workman- 
ship were produced in Lydia. Croesus introduced a 
complete reform of the Lydian coinage. He abolished 
electrum and substituted coins of gold. Croesus 
adopted the gold standard about 560 B.C. 

In April, 1922, the Sardis Expedition in charge of 
Dr. T. L. Shear uncovered thirty small gold coins 
known as “‘staters,’’ presumed to be the first ever 
minted, and attributed to the reign of King Croesus. 
The coins were discovered at Sardis, in ancient Lydia, 
about sixty miles from Smyrna. The clay pot or 
vase containing these coins was about 4.5 inches in 
height and was found lying about two feet below the 
surface, a little to the north of the site of the temple. of 
Artemis. 

The lightest of these gold ‘‘staters’” weighed 8.00 
grams and the heaviest, 8.094 grams. The total weight 
was 241.535 grams, which gave an average weight of 
8.051 grams. This shows that there was remarkable 
uniformity. 

The touchstone was employed in ancient times for 
testing gold as is done at the present time. The Lydian 
stone is mentioned by Theophrastus and other ancient 
writers. The mineralogist calls it basanite. It is a 
variety of siliceous or flinty slate, having a grayish or 
bluish black color. When employed to test the purity 
of gold, the amount of alloy is indicated by the color 
left on the stone when rubbed by the metal. 

One of the Sardis coins was tested with the touch- 
stone, which indicated that the metal was 0.958 fine. 
It is of interest to add that Percy Gardner informs us 
that ‘Greeks and Persians, like the Chinese of our 
days, would readily judge of the fineness of bar by 
touch, sound, and smell.” 

Shear, in 1922, had an assay made of a sample of 
0.991 gram of metal taken from a gold coin bought at 
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auction in Brussels. This coin was minted by Croesus. 
After removing the foreign iron by means of a magnet, 
the following percentages were obtained: 


The assayers (Ledous and Company, New York) stated 
that the percentages of silver and platinum were ap- 
proximate, due to the small sample. 

Shear says: 

It is probable that they [the coins] were buried shortly after 
they were minted, and it is possible that the occasion of the burial 
was the siege and capture of the city of Sardis by Cyrus and the 
Persians in the year 546 B.C. At such a time of crisis and peril 
it is customary for cautious individuals to bury their treasures, 
and at Sardis we ‘know that it was largely done, for after his 
capture Croesus advised Cyrus to prevent the victorious soldiers 
from pillaging the city, and promised if that were done, to urge 
the citizens to bring their wealth voluntarily and give to the 
Persian king. 


The types on the gold and silver coins of the reign 
of Croesus are identical, namely, the heads of lion and 
bull facing each other on obverse, and on the reverse a 
double incuse square, produced by the anvil or punch 
in striking. 

The Greeks employed simple coinage implements— 
anvil, hammer, and tongs. A die was cut in intaglio, 
in bronze, brass, or soft iron. Percy Gardner tells us 
that the die was then let into a prepared hole in an anvil, 
a blank was cast and by means of tongs it was placed, 
while hot, on the anvil; on the coin another bar was 
placed into which a second die, or punch, had been in- 
serted. One or more sharp blows were struck with 
a hammer on top of the bar. So far as I know, no 
Greek dies have come down to us, but a few Roman dies 
have been found. The dies were produced from soft 
metal and soon wore out. We are told by experts that 
the artists who made dies were rapid and careless in 
their work. It appears that all dies down to the 5th 
century A.D. were cut by means of the wheel, just 
as gems are cut. Graving tools were introduced in 
Roman times. There was real art in ancient coin-mak- 
ing. 

Silver was the standard currency of early Greece and 
Republican Rome; while in Asia Minor electrum and 
gold were the first standards. Bronze and copper 
were the early currency of Rome; they first appeared in 
Greece toward the end of the 5th century B.C. These 
coins were used for small change. 

I have seen some of the gold coined in the reign of 
Creesus and it is as bright and beautiful as it was when 
newly minted 2500 years ago. Silver corrodes more 
or less, due to the formation of black silver sulfide. 
Bronze coins are often badly corroded. 

A few years ago Professor Shear brought from Corinth 
numerous coins which were so badly corroded that the 
inscriptions could not be read. We removed the cor- 
rosion from them by the electrolytic method (Fink 
process); that is, the coins were made the cathode in 
a 2 per cent. solution of sodium hydroxide, platinum 
being employed as anode. On passing a current of 
proper density, hydrogen was generated on the cathode. 
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The results were so gratifying that the apparatus was 
shipped to Corinth, where the work is carried on in 
the field. It is now being carried on at Athens, where 
thousands of coins are being discovered. 

The new process of restoration may be applied to 
various metallic objects. For instance, we removed the 
rust from an ancient Carthaginian razor of bronze, 
which made it possible to read the inscription. Several 
bronze coins were often supported in a rack made of 
copper gauze, which facilitated the work. A day, or 
even less, was usually sufficient for treatment, but some 
bronze objects require several months. The current 
density must be kept low, usually 1 to 5 amperes per 
square foot of surface. If the objects are delicate, the 
gassing must not be too rapid. 

The Greek bronze coins lay no particular claim to 
artistic merit, but they have a high historical or archzo- 
logical value. As to types, there is usually an image of 
an animal, or a bird, etc., on the coin. The Corinthian 
coins are characterized by Pegasus, the winged horse. 

It is well known to archeologists that Corinthian 
coins are much more thoroughly corroded than are those 
of other Greek cities, such as Sicyon, but the reason 
for this difference has been a puzzle. A preliminary 
study of this problem has been made at Princeton and 
some interesting facts have been discovered. 

First of all, the coins were analyzed by Dr. E. R. 
Caley. In order to determine the true composition of 
the alloys from which the coins were minted, the patina, 
or green rust, was removed. For quantitative analysis 
each coin was divided approximately into halves and 
éach part was analyzed. This division was made for 
two purposes—one in order to serve as a check on the 
analytical work and the other in order to see whether 
or not the given coin was uniform in composition. 


COMPOSITION OF COIN FROM CORINTH 


First Part Second Part 
of Coin of Coin Average 
% % % 

8.05 8.25 8.15 

4.12 5.43 4.78 

85.89 85.27 85.58 

0.62 0.28 0.45 
COMPOSITION OF COIN FROM SICYON 


% . % % 
Tin Tsi4 7.13 7.15 
Lead 13.85 13.15 13.50 
Copper 77.77 77.96 77 .87 
Iron 0.61 0.16 0.38 


It appears from these analyses that the Corinthian coin 
is less homogeneous in composition than is the Sicyon 
coin, which would suggest that it is more likely to cor- 
rode, due to electrolytic effects when in contact with 
soil waters or moisture. The lead content of the Sicyon 
coin is much higher than is that of the coin from Cor- 
inth. 

After the coins had been analyzed it seemed wise to 
have them examined by an expert in the field of metallog- 
raphy and to have photomicrographs made. This was 
done by my colleague, Professor D. P. Smith, and the 
results were most interesting and important. The fol- 
lowing is taken from his report: 
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The bronze coins of Corinth and of Sicyon, when subjected to 
metallographic examination, exhibit marked differences. 

The Corinthian coin shows the unmistakable dendritic struc- 
ture (Figure 1) of an alloy which has been cast and not subse- 
quently severely worked, while the coin from Sicyon displays 
the no less characteristic granular structure (Figures 2, 4, 6) of 
a bronze thoroughly worked after casting. 

Upon examination at somewhat higher magnification, the 
dendrites of the Corinthian bronze are seen to have recrystallized 
(Figure 3). This must have been brought about either by cold- 
working, followed by reheating to a temperature above the re- 
crystallization temperature, or by hot-working. But the amount 
of working must have been very small, since it scarcely disturbed 
the original dendritism. The structure of this coin is, therefore, 
consistent with the supposition that a cast disc was reheated to 
a dull red heat, or above, and at this temperature stamped with 
the design. 

The micro-structure of the Sicyonian coin (Figures 4, 6) tells 
another story. Except for scattered masses of lead, seen as 
dark spots in the photograph, or as blurred areas which are 
cavities out of focus, this bronze consists of grains in which 
several systems of twinning bands may be detected. Most of 
these are of the broad type, annealing twins, indicating that the 
metal has been repeatedly hot-worked, or cold-worked with sub- 
sequent reheating to the softening temperature. Considered in 
conjunction with the complete destruction of the original den- 
drites, and homogenization of the alloy, which has taken place, 
this structure seems to show clearly that the metal was repeat- 
edly hammered out. Finally, the last system or twins to be 
formed—since rarely intersected by the broader bands of the 
other systems—consists of very narrow bands, some 1 to 2 mil- 
lionths of an inch broad, before magnification, which are seen in 
many grains in Figure 6. These appear to be mechanical twins, 
formed by cold-work after the last reheating; for on annealing, 
they would doubtless grow to broader annealing twins. From 
all this we may conclude with much assurance that the Sicyonians 
made their coin by a method not dissimilar to that employed in 
modern mints, the cast ingot being beaten out into a thin sheet, 
upon which the design was stamped. Whether the coins were 
cut from the sheet before or after the impression of the design, 
and how the cutting was done, cannot be said from the evidence 
here considered. It may also be remarked that the indication 
that the striking of the design octurred at a temperature below 
the softening point of the metal does not necessarily lead to the 
conclusion that the Sicyonians were possessed of dies made of 
steel, or of a similarly hard material. For the bronze of this 
coin, containing some 13 per cent. of lead, was exceptionally soft, 
and might have been stamped with a bronze of other and harder 
composition. Indeed, the idea rather suggests itself that the 
unusually high lead content may have been given to the coinage 
metal for precisely this reason. : 

The structure also appears to afford an explanation of the fact 
that the Corinthian coins are more severely corroded than are 
those of Sicyon. For the Corinthian bronze is extraordinarily 
inhomogeneous in respect to chemical composition, and, as is 
well known, such irregularities produce local electrolytic currents 
which greatly intensify corrosion. In the Sicyonian bronze, in- 
equalities of composition have in great degree been relieved by 
the thorough working and annealing to which the metal has been 
subjected, and the greater uniformity of the material is probably 
in large part responsible for its superior resistance to corrosion. 
The high lead content may be a contributing factor, but is seem- 
ingly a subordinate one, since the lead is distributed in nodules 
and isolated masses (Figures 2, 4) which do not envelope the 
grains of the bronze, or greatly hinder the access of corrosive 
agents. 

One characteristic of the Corinthian bronze seems to be unique, 
Filaments of a slag, or some similar glassy mineral substance, 
occur within the cores of the dendrites (Figure 5), and not be- 
tween the latter, in the late-freezing masses of lead and other 
admixtures. Since foreign substances, which are insoluble in 
the metal, are in all ordinary cases rejected by the growing 
metallic crystals, regardless of whether the foreign material is 
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solid or liquid at the temperatures at which the metal freezes, 
the extraordinary position of these mineral cores will require much 
explanation. In the present connection it has interest for the 
following reason. The mineral material is much harder than the 
bronze as may also be observed in Figure 5 where the mineral © 
masses stand in bold relief above the metal which has been worn 
away in polishing the specimens. Moreover, the rocky masses, 
forming as they do the core around which the crystal has grown, 
are extremely firmly embedded, and do not readily tear out as 
they would do if they occupied the usual position of foreign ma- 
terials, in the inter-dendritic regions. After slight abrasion this 
alloy provides itself with innumerable, minute, exceedingly hard 
bosses, projecting slightly from the surface, and it may be 
predicted with confidence that its resistance to abrasive wear 
will be found to be much greater than that of any ordinary bronze. 
It would be interesting to know whether the presence of the 
mineral matter was wholly an accident, or whether the Corin- 
thians had discovered that the addition of some hard mineral 
powder produced coins which were highly resistant to wear. If 
the latter was the case, they anticipated in principle some well- 
known metallurgical inventions of recent years. 


Before the Sicyonian coins were examined by Smith, 
it was generally believed by archeologists that all 
ancient coins were produced by casting the molten 
metal, after which the stamping was done. It now 
appears that the Greeks were familiar with the art of 
heating and cold-working metals so as to secure a homo- 
geneous product; the coins were then struck without 
melting and casting the metal. 

It might be of interest to add that we recently ex- 
amined a kind of ‘‘cement’’ which Shear brought back 
from Greece. This “cement” was employed in the 5th 
century A.D. for fastening together pieces of bronze. 
Chemical analysis proved that the surface of the bind- 
ing material was basic lead carbonate, while under- 
neath a fairly thick crust there was metallic lead. 
This metal was used, therefore, by the ancients in ce- 
menting or binding metals together, but in the course 
of about 1500 years a considerable part of the lead has 
been converted into carbonate. 


EARTH PIGMENTS AND COLORS 


Our main literary sources for obtaining knowledge 
concerning pigments used by the ancients are Pliny the 
Elder (23-79 A.D.), a Roman admiral and naturalist 
who perished at the destruction of Pompeii; and Vi- 
truvius, an architect during the reign of Augustus. 
Some additional information also is obtained from 
Theophrastus. 

Then, too, we have the analyses of pigments which 
have been made by chemists, such as Egyptian pig- 
ments, pots of pigments unearthed at Pompeii, Corinth, 
and elsewhere, and of the pigments found on Greek and 
Roman frescoes. 

The use of pigments or colors for decorative purposes 
began in the prehistoric period. Sir Flinders Petrie 
puts the date of this period in Egypt at 8000 to 5800 
B.C. The pigments used by the ancients were largely 
earth colors, such as the yellow and red ochres, /erre 
verte (a green pigment—a compound of iron), copper- 
bearing minerals, and naturally occurring vermilion 
(cinnabar). The minerals realgar and orpiment (sul- 
fides of arsenic) also were available. The former is 
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Ficure 1.—CorinTHIAN Coin X 85 FIGURE 4.—Sicyonran Corn X 1000 


Showing dendrites, with faintly seen cores of slag. Dark areas Grains, showing several orders of twins. 
of lead and other admixtures between the dendrites. 











FIGURE 2.—SICYONIAN COIN . X 215 FicurE 5.—CoRINTHIAN CoIN X 650 


Showing uniform granular structure, with large and small Showing slag cores at the centers of dendrites, and lead inclu- 
masses of lead scattered throughout. sions between dendrites. 





FiGuRE 6.—SICYONIAN CoIN X 1740 


FIGURE 3.—CORINTHIAN COIN X 215 Showing narrow mechanical twins in broad annealing twins of 
Showing granular structure within the original dendrites. earlier formation. 
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orange-red in color and the latter is yellow. In addi- 
tion, charcoal (carbon) and black chalk were used as 
pigments. Drawings were made in charcoal and in 
red and yellow ochres by palzolithic man; for example, 
their drawings represent with some degree of perfection 
certain animals which are now virtually extinct in 
Europe, such as the bison. While these pigments are 
not as durable as carvings in stone, some are remarkably 
well preserved. 

The favorite color for glazed vessels produced in 
Egypt in prehistoric times was blue to green, obtained 
by the use of copper compounds. Later on, but at a 
very early date, the famous Egyptian blue was used. It 
was a synthetic product—a richly cotored glaze, glass, 
or frit, containing copper. Cobalt blue was apparently 
used by ancient potters, but not by painters until a 
comparatively recent date. Ultramarine, a pigment 
produced from lapis lazuli, the most famous of all blues, 
was not used in ancient times, but was a favorite color 
with medieval painters. Prehistoric slate palettes 
and mullers for rubbing down pigments have been dis- 
covered. The pigments were no doubt rubbed down 
with a medium. 

Many of the Etruscan frescoes are famous and very 
beautiful, as also are those in the palace of Knossos, 
in Crete. This wonderful palace was probably deco- 
rated about 1500 B.C.; the pigments used were yellow 
and red ochres, black chalk, Egyptian blue, and lime 
for white. It is probable, therefore, that there were 
commercial relations between Egypt and Crete when 
the palace of Knossos was decorated: 

Excavations now in progress unearth pigments used 
in classical times. For several years Shear has been 
uncovering a theater at Corinth. Of the remains dis- 
covered in this theater, the earliest date from about 350 
B.C. 

As a result of these excavations it is known that the 
Corinthians were acquainted with certain mineral 
pigments or colors. One of the most interesting dis- 
coveries made in the theater district in 1926 was a 
rude, bowl-shaped clay pot containing a red pigment. 
This pot was uncovered at a depth of 5.25 meters, in the 
sanctuary of Athena Chalinitis, which adjoins the 
theater. The pot does not resemble any Greek pottery 
of Corinth, and the clay of the vase is not of the Corin- 
thian type. It appears, therefore, that the vessel was 
imported from some place where such crude ware was 
still being manufactured several hundred years before 
the beginning of the Christian era. 

I have analyzed a specimen of the contents of the pot 
and found it to be realgar (Arabic rehj-alghar, meaning 
powder of the mine or cave). This mineral occurs in 
nature; it is a sulfide of arsenic (AsS). Realgar was 
known in the days of Aristotle. According to evidence 
found in early writings, it seems reasonably sure that 
realgar has long meant the same as Greek cavéapaxn 
and Latin sandaraca. Theophrastus, successor to Aris- 
totle in the Peripatetic school, says that realgar was a 
red color used by painters; and Pliny states, on the 
authority of Juba, that it occurs on the island of Topaz 
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in the Red Sea. It was perhaps found in many places. 
According to Strabo, Greek geographer and historian, 
realgar was mined in shafts near the city of Pompeio- 
polis, Paphlagonia, near Sinope; and the mines were 
worked by slaves and condemned criminals. The work- 
ing conditions were hazardous, and Strabo says that 
poisonous vapors arose from the earth. This appears 
to be very doubtful. It is probable, as thought by 
Bliimner, that the ill effects were due to fine dust which 
was inspired by the laborers. According to Aristotle, 
horses and other beasts were killed by the administra- 
tion of caviapaxn; and Galen, a Greek who became 
the imperial physician at Rome, recommended that it 
be mixed with butter and used as a poison for scorpions, 
very much as arsenic preparations are now used in 
orchard and garden to kill lowly forms of life. 

In this connection it is of interest to know that there 
is an arsenic mold (penicillium brevicaule) which by 
its action on certain wall-papers is said to produce a 
poisonous gas containing arsenic [diethyl arsine, 
AsH(C;Hs5)e, a derivative of the highly poisonous gas 
arsine, AsH;]; but it is not at all probable that this 
gas was formed in the realgar mine mentioned by 
Strabo. It is also of interest to know that Sinope had 
commercial relations with Greece; the realgar found at 
Corinth was perhaps imported from the mine in the 
mountains southwest of Sinope. The mineral was 
probably expensive. 

Realgar was produced artificially at an early date, and 
it appears to have been discovered by accident. Pliny 
says that Nikias (or Nicias) was the first person to use 
the synthetic pigment. He was the artist who painted 
some of the marbles for Praxiteles. 

Shear reports that among the more notable discov- 
eries made in the excavations of Corinth were several 
pieces of marble sculpture on which red paint was more 
or less preserved. He also has discovered specimens of 
a blue pigment in the theater district of Corinth. 
These specimens were examined by the writer, and 
reacted to the tests for Egyptian or Vestorian blue. 
This pigment was produced synthetically and used in 
Egypt for over two thousand years; it disappeared 
from the artist’s palette somewhere between the second 
and the seventh century. As stated before, Egyptian 
blue is a richly colored glaze or frit. Vitruvius says it 
was prepared by heating together sand, soda, and cop- 
per, and that it was originally prepared in Alexandria. 
In his day (the time of Augustus) he said it was manu- 
factured in Puteoli. According to Professor Laurie, 
Principal of Heriot-Watt College, Edinburgh, analysis 
of samples of Egyptian blue shows that it usually con- 
tains lime, alumina, silica, soda, and copper. He says 
it can be produced by heating a mixture of sand, copper 
carbonate, soda, and lime to a temperature between 850° 
C. and 900°C. for several days. 

The specimens of the pigment examined at Princeton 
were found to be very insoluble, being virtually unat- 
tacked by the powerful solvent, aqua regia. One 
formula assigned to Egyptian blue is CuCaSi,Oy, a sili- 
cate of copper and calcium. I also examined a speci- 
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men of a bluish green pigment, discovered by Professor 
Shear at Corinth, which proved to be a mixture of 
silica and of a compound similar to Egyptian blue. 
Professor Laurie says that if the temperature is raised 
too high in the preparation of the blue pigment, the 
green is obtained which was used so much in Egyptian 
painting. 
INCENSE AND RESINS 

A Greek sarcophagus was uncovered in 1928 north 
of the area of the Corinthian theater, and there was 
found inside the tightly closed coffin a light mass some- 
what resembling bark or old wood; it possessed a faintly 
aromatic odor. Chemical tests showed that the ma- 
terial was rich‘in resinous matter; when burnt, it 
yielded a small amount of white ash. These tests indi- 
cated that the matter was of vegetable origin. This 
conclusion was confirmed by a microscopic examination, 
which clearly showed the presence of resinous sub- 
stances and also revealed the cellular structure of vege- 
table tissue or wood. The character of the material 
examined suggests that it came from an incense tree, 
which may have been brought from the East. 

Frankincense (franc, free, pure + encens, incense) 
is a fragrant gum resin obtained from various East 
Indian trees. It was used by the Egyptians, the Jews, 
and other ancient peoples for embalming, in connection 
with funeral rites, for fumigation, etc. 

In Second Chronicles, 14:14, we find: 


And Asa slept with his fathers, and died in'the one and fortieth 
year of his reign. 

And they buried him in his own sepulchres, which he had made 
for himself in the city of David, and laid him in the bed which 
was filled with sweet odours and divers kinds of spices prepared 
by the apothecaries’ art: and they made a very great burning 
for him, 

Frankincense was the most common incense offered 
to the Greek gods. We are told that Antigonus had 
a branch of the true frankincense tree sent to him; 
also, that a branch of an incense tree was carried by 
an ambassador from Arabia to Rome, in the days of 
Pliny. Sweet-smelling gums and resins of the countries 
of the Indian Ocean were imported by Greece after the 
Mediterranean trade with the East was opened up by 
the Egyptian king, Psammetichus (about 664-610 
BA). 

INKS AND MANUSCRIPTS 


The chemist also has been of service in the study of 
manuscripts and inks. It is known that the ancient 
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Egyptians and Chinese prepared and used inks. Sir 
Flinders Petrie discovered a papyrus bearing written 
characters as old as 2500 B.C. It appears that ink was 
invented in China earlier than 2500 B.C. These inks 
were prepared from carbon (soot or charcoal) mixed 
with gum arabic, glue, or varnish. The Romans used 
as ink, sepia, which is a black pigment secreted by the 
cuttle-fish. 

Iron-gall inks were prepared at an early date. The- 
ophilus, a monk of the eleventh century A.D., was per- 
haps the first writer to describe the preparation of 
nut-gall inks. Pliny, however, in the first century 
A.D. knew that paper treated with ferrous sulfate 
(green vitriol) could be blackened by immersion in an 
infusion of nut-galls. These inks were prepared by 
treating extracts of galls, bark, etc., with ferrous sulfate, 
ferrous tannate and ferrous gallate being formed. 
These compounds lack color, but when exposed to the 
air they are oxidized to ferric compounds, which are 
black. In the manufacture of nut-gall inks, a dye 
is now added to make the ink visible when first ap- 
plied. 

Chemistry has been most helpful in the restoration 
of certain faded manuscripts. To illustrate, in the 
spring of 1928 the late Dr. Charles C. Marden, pro- 
fessor of Spanish in Princeton University, made a special 
trip to Spain to search for the missing portions of a 
manuscript upon which are inscribed writings by 
Gonzalo de Berceo, a famous thirteenth century Spanish 
poet. The manuscript is parchment, and dates from 
the first half of the fourteenth century—long before 
America was discovered. After a systematic search, 
Professor Marden was fortunate enough to find the 
missing parts of the manuscript and was permitted to 
bring them to Princeton for translation. Being unable 
to read certain portions of the manuscript, due to the 
fading of the ink, he requested the writer to treat the 
faded parts with a chemical reagent with a view to 
their restoration. Proceeding upon the hypothesis that 
a nut-gall ink was used by the transcriber, a dilute solu- 
tion of ammonium sulfide was applied to the manuscript 
by means of a small sponge, with the hope that the 
faded iron compound would be transformed into sulfide 
of iron, which is black. The ‘result was highly satis- 
factory; indeed, we were able to photograph the re- 
stored manuscript, and it was quite legible. 

I have recently removed ink stains from an old oil 
painting by means of oxalic acid dissolved in alcohol. 





SUMMER WORK IN CHEMICAL MICROSCOPY AT CORNELL UNIVERSITY 


Courses in Chemical Microscopy will be offered at Cornell University during the coming Summer Session, which begins 


on July 10 and continues for six weeks. 


The work will be the full equivalent of that given during the regular term, but 


persons not desiring university credit may arrange to cover, in a shorter time, those portions that best meet their needs. 
The methods and principles of microscopical procedures applicable to chemical problems will be presented, and a 
course in inorganic microscopical qualitative analysis will also be given; these courses may be taken together. 


The schedule is planned so that other courses in the department may be attended, if desired. 


Inquiries 


should be addressed to Professor C. W. Mason, Baker Laboratory, Ithaca, N. Y. 





A RUBBER STAMP 


A Chemistry Project for Students at the Secondary Level 
HOWARD R. WILLIAMS 


Western Reserve Academy, Hudson, Ohio 


The manufacture of the apparatus and the compounding 
of the materials necessary to the making of a rubber stamp 
are described. The stamp is made from crude rubber 
vulcanized with litharge and sulfur in 2ntirely home-made 


apparatus. 


+++ + + + 


HARLES GOODYEAR’S discovery of the process 
of vulcanizing rubber has almost re-made our 
civilization in the last three-quarters of a century. 

Today, vulcanized rubber products form one of the 
most important items of commerce. The amount of 
rubber used in a country is one of the indexes of its 
prosperity. 

Why, then, should not a chemistry student become 
interested in vulcanizing rubber? If it were possible 
to have the chemistry student make some useful rubber 
article, beginning with the crude rubber, it is altogether 
probable that the process of vulcanizing, in its simplest 
aspects, and its implications in industry would become 
a permanent part of the mental equipment of the stu- 
dent. It might also very easily lead to an interest in 
rubber chemistry which would help the student find 
his niche in the world. 

Such a project is one of fairly easy accomplishment. 
A rubber stamp has been chosen as the article to be 
made because its manufacture involves all the impor- 
tant steps in the making of most rubber articles, be- 
cause it is easy to make a successful stamp, and because 
the stamp when completed is a useful article that may 
be kept and used for years. 

In preparation for the work, the student should first 
of all learn all he can about the process of vulcaniza- 
tion. The school library and the public library should 
be good sources of information. In addition, a very 
fine and practical way to learn about the process and its 
technic is to visit a rubber works where the process 
may be watched and possibly a conference with the 
head chemist may be had. 

The materials necessary for the successful prosecution 
of this project are easily obtained common things. The 
following list of materials should be gathered together 
before the actual work is begun so that delays may be 
avoided when the work starts. Three pieces of flat iron 
plate about !/ 3” to */1,” thick, 2” wide and 3” long, three 
stove bolts, a half-dozen soft iron rivets, two 6” sections 
of °/,” pipe, about 30” of */s” iron rod, two pieces of 3” 
angle iron about 2'/.” long, about 2’ of old lead pipe to 
be melted, a flat-type one-pound coffee can, a thermome- 
ter registering to about 200°C., a ring-stand, a burner, 


some iron wire (baling wire), precipitated calcium 
carbonate, plaster of Paris, crude rubber, lead oxide 
(litharge), flowers of sulfur, piece of muslin, hacksaw, 
drills, hammer, file, emery wheel, emery cloth, etc. 

Before starting the actual work of stamp making, it 
will be necessary to build three pieces of apparatus—a 
frame in which to vulcanize the stamp under pressure, a 
calender in which to mix the crude rubber and other 
ingredients, and a vulcanizing oven. 

It is probably best to start by fabricating the vulcan- 
izing frame. This frame is made from the three iron 
plates. It may be made in almost any practical size 
and shape; however, if a signature stamp is to be made 
a frame two by three inches will be found adequate for 
names of average length. 

If iron plates of suitable size and shape are not at 
hand it is fairly easy to make them from sections of 
11/,” iron pipe. Hacksaw off a section of pipe 2” long. 
Place it in a vise and split it lengthwise along one side 
with the hacksaw. Place this piece in the school 
furnace or fire box under the boiler till it is red hot, then 
with hammer and tongs flatten it out. Cut one of 
the necessary plates from this piece. The other two 
may be made similarly. All three plates should be 
made of the same material so there will be no warping of 
the frame, when heated, due to unequal expansion. 
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FicureE 1.—THE THREE PIECES OF THE VULCANIZING 
FRAME READY TO ASSEMBLE 
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Next, an oblong hole */,” by 2!/,” should be cut in the 
center of the plate to be used as the middle plate of the 
frame as shown in Figure 1. This hole may be cut out 
by drilling and hacksawing and then smoothed with a 
file. 

The bottom plate should next be prepared for riveting 
to the middle plate. It is necessary that this plate 
should have a flat, smooth upper surface as the face of 
the stamp type is to be made against it. This plate 
can be made quite smooth and flat by working it down 
with emery cloth folded over a flat block of wood just as 
sandpapering is done on a flat wooden surface. If the 
plate is very far from flat in the beginning, it can be 
hammered first, then worked with a coarse emery cloth 
and finally finished with a cloth of fine emery. 

When the bottom plate is ready it should be clamped 
to the middle plate and the holes for the rivets drilled 
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FIGURE 2.—THE VULCANIZING FRAME WITH THE Two 
LOWER PLATES RIVETED TOGETHER 


through both at once. Before the rivets are inserted, 
the holes in the middle plate should be reamed out to 
half the thickness of the plate with a countersink, so 
that the hammered heads of the rivets may not protrude 
above the upper surface of the middle plate. 

The two plates may now be riveted together. A 
fair-sized finishing nail may be used as a rivet. The 
head of the nail makes an excellent rivet head. The 
nail should be cut off so as to protrude only about 
1/15” above the surface of the middle plate. The iron 
of a nail is just about the right softness for riveting. 
The two bottom plates riveted together are shown in 
Figure 2. 

The top plate needs no particular preparation except 
to be made as flat as can be conveniently done by 
hammering. This plate will lie against the back of the 
rubber stamp and be the means of applying pressure 
to the rubber while vulcanizing. 

Now the three plates should be clamped together 
and three holes to receive the stove bolts drilled through 
all three plates. Strong stove bolts may then be used 
to fasten the top plate to the bottom assembly as shown 
in Figure 3. 
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FIGURE 3.—THE VULCANIZING FRAME COMPLETELY As- 
SEMBLED 


It will be necessary to make an instrument for level- 
ing the matrix when it is placed in the vulcanizing 
frame as shown in Figure 4. This may be hacksawed 
or cut with snips from any convenient sheet metal of 
heavy gage. The use of the leveler will be explained 
when directions are given for the preparation of the 
matrix. 

Next, it will be necessary to construct a calender for 
mixing the crude rubber and the ingredients with which 
it is to be vulcanized. From a mechanical viewpoint, 
a rubber calender is little more than a clothes wringer 
with iron rolls. If you can devise some way to substi- 
tute iron rolls in an old clothes wringer you will have 
an excellent calender for your purpose. 

Failing this you may make a calender as follows. 
Saw two 6” sections from some */,” black iron pipe. 
These will be your rolls. Next, cut a section of °/s” iron 
rod long enough to extend about 1/2” beyond each end 
of one of these pipes. This rod is to serve as the axle 
for the upper roll. The axle for the other roll will pro- 
trude !/,” from the roll on one end but about 15” from 
the other end. This long piece will later be bent into 
a crank. 

Before placing the axles in the rolls, notches should 
be ground into them with an emery wheel so that the 
molten lead, with which they are held in the rolls, will 
have something to grip. This is shown in Figure 5. 

The next problem is to hold the rod in the center of 
the pipe while pouring the molten lead. This is an 
important step. If the axles are not centered in the 
rolls the rolls will wabble and it will be very difficult 
to calender the rubber in such a machine. However, it 





is not a difficult problem to center the axles. Take a 
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FiGuRE 4.—THE CONSTRUCTION AND USE OF THE LEVELER 
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Ficure 5.—THE DETAIL OF A CALENDER ROLL SHOWING ITs CONSTRUCTION 


brace and a bit large enough to bore a hole in a piece 
of 7/;” board so as to just admit the end of the pipe 


Pouring hole 




















<— Pipe roll 


Larae hole 


r (tor pipe 
ZL 
Wéed block Small hole for axle 


FicurE 6.—A VIEW OF A CALENDER 
Rott READY FOR POURING THE LEAD 
AND SHOWING How THE AXLE Is CEN- 
TERED IN THE ROLL 
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roll. Do not bore this hole all the way through the 
board but just about !/,” deep. Then after withdraw- 
ing the larger bit complete the boring of the hole with 
a smaller one which will bore a hole just large enough to 
admit the rod used as an axle. This second hole will 
then be exactly centered in the first. Two such pieces 
of board should be prepared, one for each end of the 
roll. The board to be used on the top of the roll should 
then have a notch sawed out so as to leave a pouring 
hole for the molten 
Wood block lead. This assem- 
a Pi bly is shown in 
GY Iy Figure 6. 
Yee hie Molten lead is 
A next poured in to 
Yo i aA fill completely the 
, space between the 
roll and the axle. 
To make doubly 
sure that the axle 
and the roll will 
always remain in- 
tegrally connected, 
it is advised that a 
hole be drilled com- 
pletely through the 
roll and the axle 
about !/,” from each 
end and a rivet 
swaged into each 
hole. The ends of 
these holes should 
be reamed out with 
a countersink be- 
fore insertion of the 
rivets so that upon 
completion therivet 
heads will be flush 
with the surfaces of 
the rolls. 

Two pieces of 3” 
angle iron, each 
about 21/2” long, 
are used in mount- 
ing the rolls. Two 
holes should be 


drilled, one exactly above the other, in each upright 
section of the angle iron. These holes should be just 
the right size to receive the protruding ends of the 
axles of the rolls and far enough apart so that the rolls 
will have a clearance of about !/:5.”.__Two holes should 
be drilled in the horizontal parts of the angle iron to 
receive lag screws for fastening the calender to the 
base. 

In assembling the parts of the calender, be sure to 
face both angle irons in the same direction as shown in 
Figure 7. Otherwise the horizontal flange will inter- 
fere with the bending and operation of the crank. 

The bending of the crank is the last step in making 
the calender. This may furnish a little challenge, but 
with care and patience it may be accomplished with 
hammer, vise, and a pair of pliers. 

A simple vulcanizing oven is the next and last piece 
of apparatus necessary. A very simple and quite 
workable oven may be made from an ordinary low-type 
one-pound coffee can. The only thing necessary to 
have a complete oven is to punch a hole in the center 
of the lid large enough to admit the stem of the ther- 
mometer to be used. 

It would be well to make a wire support for the ther- 
mometer so that there will be no danger of its toppling 
out of position. This may be made from a round piece 
of tin plate and three. short lengths of baling wire for 
legs. A hole for the thermometer is made in the disc of 
tin plate and three wire legs attached to it either by 
twisting or soldering. The thermometer is then slipped 
through the hole in the support and through the hole 
in the lid, and the legs of the support are set on the lid 
of the coffee can as shown in Figure 8. 

The oven should be heated by an adjustable burner 
of some sort. A Fisher burner makes an excellent 
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FIGURE 7.—THE CALENDER ASSEMBLED 
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FiGurRE 8.—A DETAIL OF THE APPARATUS DURING THE VUL- 
CANIZING PROCESS 


source of heat. However, one of the newer-type 
Bunsen burners with the gas adjustment should prove 
perfectly satisfactory. 

Having completed the necessary pieces of apparatus, 
the actual work of stamp making may now be under- 
taken. The next step is the preparation of the matrix 
or mold in which the rubber of the stamp is to be vul- 
canized. A mixture of equal parts of precipitated cal- 
cium carbonate and plaster of Paris make a satisfactory 
material for the matrix. The two ingredients should 
be mixed dry and then water enough added so that the 
plaster may be poured into the vulcanizing frame. 
Of course only a small amount will be required. After 
the plaster has been poured into the frame to a trifle 
over half its depth, the surface should be smoothed with 
the leveler as shown in Figure 4. A proper and uni- 
form thickness for the matrix is obtained by passing the 
leveler several times over the wet plaster and removing 
the surplus plaster. 

The plaster should be allowed to set for about 
twenty minutes before attempting to write or draw 
designs in it. Whatever is to be the writing or design 
for the stamp should next be lightly traced on the sur- 
face of the plaster. It is well to begin with a fairly 
simple design. Then by means of a sharp-pointed 
stylus the design should be very slowly and carefully 
worked through the plaster to the iron plate beneath. 
Here is a place where care and artistry can play a big 
part in the success of the project. Block letters are 
more easily made than script, but patience and practice 
will make either successfully, as shown in the photo- 
graphs in Figure 9. After completing the matrix it 
should be allowed to dry thoroughly (several hours) be- 
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fore being used. If used while still moist, steam bubbles 
are pretty sure to deface the stamp. 

While the finished matrix is drying is a good time to 
calender or mix the crude rubber and other ingredients 
for vulcanizing. Enough rubber may be calendered at 
one time to make several stamps as it keeps indefinitely 
after calendering. Crude rubber may be bought in 
sheets very cheaply from chemical supply houses. 
Take whatever amount of rubber you will need and 
weigh it. Then force it through the rolls of your 
calender until it is homogeneous and quite tacky or 
sticky. This will probably take from one-half to three- 
quarters of an hour of calendering. Then make up a 
mixture of yellow oxide of lead (litharge) and flowers of 
sulfur as follows: for each 100 g. of rubber take 7 
g. of litharge and 6 g. of sulfur. Of course if you have 
taken more or less than 100 g. of rubber you may calcu- 
late the weights of litharge and sulfur necessary by 
means of a simple proportion. This mixture of litharge 
and sulfur should be added to the rubber a little at a 
time by sprinkling, folding, and constant calendering 
until the whole is a homogeneous mass. This will prob- 
ably take an hour or more. 

It will be readily seen that the power-driven auto- 
matic machinery of the modern rubber plant is a great 
aid in making rubber goods cheaper and better, for the 
quality of the finished article depends greatly upon 
the thoroughness of the calendering. However, pa- 
tience and perseverance should be rewarded with more 
than a fair degree of success in such a hand process as 
this. 

The next job is to put the calendered rubber into the 
matrix for vulcanizing. First roll out the rubber until 
it is about !/,” thick. Then, with a pair of shears, cut 
a piece just large enough to fit into the slot of the vul- 
canizing frame over the thoroughly dry matrix. Next 
cut a piece of muslin the size and shape of the rubber 
and place it on top of the rubber. Then lightly grease 
the edges of the vulcanizing frame and under surface 
of the top plate with vaseline to keep the rubber from 
sticking to the metal during vulcanizing. Now place 
the top plate on the muslin, insert the stove bolts and 
screw them down as tightly as possible. Use plenty 
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FIGURE 9.—THREE HOME-MADE RUBBER STAMPS AND THE IM- 
PRESSIONS THEY MAKE 
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FiGuRE 10.—THE APPARATUS USED IN PRODUCING THE HOME-MADE RUBBER 


Stamps SHOWN IN FIGURE 9 


(A) The stamp inking pad, (B) the vulcanizing frame, (C) the vulcanizing 
oven, (D) the stamps made with the apparatus, (Z) the rubber calender. 


of pressure. You cannot get too much. Then place 
the frame in the vulcanizing oven setting it on the long 
ends of the stove bolts, as a tripod, so as to keep it a 
little above the bottom of the oven as shown in Figure 
8. Insert the thermometer and you are ready to vul- 
canize. 

During the vulcanizing the temperature should be 
controlled as carefully as possible. -This will require 
constant attention. Vulcanize for thirty-five minutes 
at 160°C. Allowing the temperature to vary five de- 
grees either way for a few minutes will do no serious 
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harm, but the more evenly the temperature 
is kept at 160° the better will be the results. 
At the end of thirty-five minutes, remove 
the flame, take the lid from the oven, and 
allow it to cool. The vulcanizing frame 
may then be opened and the rubber stamp 
stripped out. It may stick some around 
the edges, but it can be cut away with a 
knife while pulling the stamp away from 
the metal. 

The stamp should next be trimmed with 
a pair of shears leaving only about 1/15” 
margin outside the letters. The stamp is 
now ready to be cemented onto a piece of 
wood for a handle. Ordinary glue may be 
used. Any amount of ingenuity may be 
used in making the handle. The stamp 
maker may suit his own fancy in this mat- 
ter. Some good suggestions may be got by 
examining stamps of commercial manu- 
facture. 

It now only remains to get an ink pad and 
try the stamp. Ifa pad is not available, a 
very good one may be quickly and easily made by laying 
a couple of thicknesses of felt on a wooden block of ap- 
propriate size and shape and covering felt and block with 
muslin. In case a finished job is desired, it is very easy 
to frame the ink pad block with either wood or metal. 

If the directions have been carefully followed, the 
worker has now, not only a serviceable rubber stamp 
and the apparatus for making more and better stamps, 
but what is more to the point, a fair working knowledge 
of what goes on in the manufacture of rubber goods in 
general. 





ECONOMICS and 


CHEMICAL ENGINEERING 


C. A. BASORE 


Alabama Polytechnic Institute, Auburn, Alabama 


The graduate of the four-year course in chemical engi- 
neering usually finds a place in the construction, design, 
or operation of chemical plants. In many instances he 
begins his work in the analytical laboratory or, of late 
years, with the research staff of a large company. His 
work in such organizations often includes the development 


++ + 


recognizing the broad training and diversified 
work required of the chemical engineer, include 
the fundamentals of chemistry, physics, and mathe- 
matics, together with a certain amount of work in 


r YHE curricula of many colleges and universities, 


of new processes, the reduction of the cost of operation of 
existing processes, the disposal of waste products, the 
recovery of by-products, and similar work. Many gradu- 
ates become technical salesmen. It 1s desirable that they 
undertake their duties with some knowledge of the ,eco- 
nomic significance of their work. 


++ + 


chemical engineering and pure engineering. Such a 
curriculum is usually very full. As a matter of fact it 
is often difficult to find time for all the subjects which 
are considered necessary. A curriculum of this sort 
appears to meet the requirements of many graduates. 
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However, men engaged as technical salesmen or men 
engaged in research, soon feel the need for additional 
training. The plant operator having been promoted to 
an executive position likewise feels that he needs more 
training. What additional knowledge is required by 
these chemical engineers? 

The answer to this question is obvious from a study 
of the problems requiring solution by these men. Some 
of the questions with which these men are vitally con- 
cerned are as follows: 


Is a given new process commercially feasible? 

What will be the probable market for a new product 
and how will this market be distributed geo- 
graphically? 

What are the factors affecting the location of chemi- 
cal plants? 

What are the most recent ideas regarding the proper 
use of cost data? 

What is the best method for calculating deprecia- 
tion? 

What is the significance of a long-range decline in 
the price of commodities? 

When is expansion worthy of serious consideration 
and when is it particularly dangerous? 


These and many other problems confront the chemi- 
cal engineer. He realizes that the solution to these 
problems lies in the field of economics and he wonders 
why he was not required to take work of this kind while 
he was in college. 

In a field as broad as chemical engineering many sub- 
jects must be omitted from the curriculum. However, 
it is difficult to understand why the importance of basic 
work in economics has not received more general recog- 
nition. Some institutions have recognized the impor- 
tance of such work by including courses in this subject. 
Often this is merely a three- or four-hour course in 
general economics. Many leading institutions include 
cultural and elective work but do not specify economics. 
Sixty-five institutions! several years ago required 13.9 
per cent. cultural work and 3.7 per cent. electives, but 
there is no mention of economics. Recent catalogs of 
seventeen institutions (chiefly state universities) sup- 
plied some interesting information in this connection. 
Six, or 35.3 per cent., required no economics in the four- 
year course in chemical engineering, although in some 
cases probably work along this line was given under the 
head of electives, while fourteen, or 82.3 per cent., re- 
quired not more than three hours of economics. Ap- 
parently, seldom is more than a superficial knowledge 
of the subject required. 

It is believed by the writer that from twelve to four- 
teen hours could be devoted advantageously to econom- 
ics. It is not believed that this is excessive in a field 
where the underlying motive is production at a profit. 
After all, this is often a fewer number of hours than is 
devoted to, say, mathematics which, while important, 
is after all primarily a tool. It is possible for a chemi- 
cal engineer to pursue his profession and have com- 


1 Chem, & Met. Eng., 35, 338 (1928). 
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paratively little need for higher mathematics, but it 
is doubtful if he can be engaged in real chemical engi- 
neering work, research, salesmanship, plant operation, 
executive work, etc., and not have a real need for eco- 
nomics. 

With regard to the subject matter and methods of 
teaching the economics, no doubt several points of 
view might be equally good. The writer believes that 
the elementary courses should be service courses de- 
signed for this purpose and taught by the economics 
department. The more advanced courses where eco- 
nomics and technology meet probably should be taught 
by the department of chemical engineering. As far 
as the subject matter is concerned the following courses 
might be of some interest, although it is recognized that 
different courses might be designed which might meet 
the situation more satisfactorily: 


Course I—Sem. 1—Credit 3 hrs. Elementary Course in Eco- 
nomics Designed for the Chemical Engineer. 

(1) General characteristics of the present economic order. 
(2) Organization of business, partnerships, corporations, trusts, 
holding companies, etc. (3) Internal organization of business. 
(4) Money and banking. (5) Business cycles—description, 
how measured, effects, causes, peculiarities, etc. (6) Price 
levels and price determination. (7) Costs—overhead, variable, 
decreasing, increasing, average. 


Course II—Sem. 2—Credit 3 hrs. 
tinued). 

(1) Marketing—-market analysis, channels of distribution, 
salesmanship, advertising, market finance, etc. (2) Foreign 
trade. (3) Monopoly—how to get advantages of. (4) Busi- 
ness finance, kinds of stocks, bonds, ete. (5) Personnel adminis- 
tration—-welfare work, employee representation, etc. (6) In- 
surance—fire, liability, and compensation. 


Course III—Sem. 1—Credit 3 hrs. Applied Chemical Engi- 
neering Economics. 

This course designed to cover the field where economic and 
technical considerations are both involved. Economic and tech- 
nical characteristics of the chemical engineering industries, 
economic statistics of the chemical engineering industries, com- 
mercial feasibility of new technical processes, capital ratios and 
their application to the chemical engineering industries, wage 
and raw materials ratios, economic and technical development of 
chemical engineering projects, economic factors affecting plant 
location, plant design (brief survey), industrial management 
(brief survey), etc. 


Course IV—Sem. 1—Credit 2 hrs. 
Cost Estimating. \ 

Application of accounting principles to chemical engineering. 
Budgeting, depreciation, balance sheet, methods of calculating 
production costs, etc. 


Course V—Sem. 1—Credit 1 hr. 
Human Engineering. 

The adjustment of the young engineer to varying economic 
conditions; importance of personality and character; relation 
between technical and human conditions. 


Course VI—Sem. 1—Credit 1 hr. Introduction to Chemical 
Engineering Research. 

Development of the line of attack employed in chemical engi- 
neering research including both economic and technical aspects. 
Investigation of the literature is stressed with special attention 
to abstracts, bibliographies, and patents. 


Introductory Course (con- 


Chemical Engineering 


Personal Relations or 


It is not believed that the courses described above 
require any particular comment. The first course 
serves not only to introduce the student to the subject, 
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but also includes some valuable information, much of 
which has a direct application in chemical engineering. 
Money and banking and business cycles are believed 
to be particularly important. The second course 
takes up marketing in considerable detail. The im- 
portance of this to the chemical engineers, engaged as 
research men, as salesmen, or as executives, is obvious. 
Foreign trade, business finance, and monopoly are also 
discussed briefly. The third course covers specifically 
that field where economics and technology meet which 
is often of so much importance to the engineer. It 
gives him some training in his attempt to find answers to 
problems like the following: (1) Does the present 
offer a good opportunity to stock up on raw materials 
or can it be done more advantageously later? (2) Is 
a certain new process developed by the research depart- 
ment practical, 7. e., is it commercially feasible? (8) 
By means of the capital ratio deduce the technical 
conditions, 7. e., labor-saving machinery, research, etc., 
existing in a certain chemical industry. (4) How do 
economic conditions affect the design of chemical 
plants? (5) How is the location of chemical plants 
governed by economic conditions? (6) How can one 
tell when the raw materials ratio is abnormally high in 
a given chemical industry? The importance of train- 
ing in cost estimating is obvious. All engineers recog- 
nize the importance of being able to get up an accurate 
estimate of the initial cost or operating cost. The last 
two courses are also believed to be worth while. The 
importance of social adaptability to the technical grad- 
uate is now being recognized as perhaps it has never 
been recognized before. An introduction to research 
(economic and technical) is supported on the ground 
that while perhaps the undergraduate has little time to 
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devote to research, nevertheless, after he graduates 
and accepts a position, he is frequently called on to do 
work of this character. 

Those opposed to such a program as the one outlined 
above will immediately ask how is it possible to find time 
for the addition of economics to the curriculum. The 
answer is to require it in place of some of the cultural 
or elective work. Of the sixty-five institutions previ- 
ously mentioned, 13.9 per cent. of the time was de- 
voted to cultural subjects and 3.7 per cent. to electives. 
On the basis of a 140-hour curriculum, fourteen hours 
of economics would require only slightly more than half 
of the time now devoted to cultural subjects and elec- 
tives. Even from the cultural standpoint, the eco- 
nomics would be of appreciable value. In the opin- 
ion of the writer, it is unlikely that this substitution 
would lead to serious loss in cultural value. 

According to our early ideas chemical engineering em- 
braced primarily the fundamentals of chemistry. At 
this stage in its development frequently a little more 
mathematics and shop work were added to the existing 
course in chemistry. Later, it was recognized to in- 
clude not only the fundamentals of chemistry but in 
addition the fundamentals of pure engineering (me- 
chanical and electrical engineering), and the unit proc- 
esses of chemical engineering. According to the plan 
which has been suggested economics likewise becomes of 
major importance. In thus developing a course con- 
sisting of the fundamentals of three great divisions, we 
believed that the average student will secure a grasp 
of his subject and a practical viewpoint toward his work 
which will be very beneficial. It is believed that such 
a course will offer the maximum service from the stand- 
point of opportunity, breadth of vision, and training. 
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Chemistry 1s a science undergoing rapid changes as a 
result of the accumulation each year of many new facts 
and of the proposal of new interpretations to account for 
both old and new facts. To keep in touch with these 
developments and to take advantage of the vast store of 
data already collected, the chemist relies largely upon the 
various kinds of available chemical publications. He does 
not always recognize, however, that an important temporal 
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factor should be considered in using these sources of in- 
formation. To designate this factor the expression “‘time- 
lag’’ is used here. It refers either to the lapse of time be- 
tween the date of receiving a manuscripi for a proposed 
publication and its date of issue, or, much more frequently, 
to the degree to which a book, for example, is out-of-date 
with respect both to the material in it and to that which it 
does not contain. 


++ + 
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N THE original or primary sources of chemical 
literature, consisting of periodicals, institutional 
publications, patents, and miscellaneous contribu 

tions, there is, in general, reasonably satisfactory ef- 
ficiency in getting the published material from the pro- 
ducer to the consumer. While the results of many re- 
searches undoubtedly remain unannounced for years 
for one reason or another, once the manuscript for a 
paper or a bulletin or the specifications for a patent have 
been accepted, publication usually follows relatively 
soon. Some delay is unavoidable, especially in annual 
publications like the proceedings of the various state 
academies. In monthly periodicals there is consider- 
able variation, some articles appearing in less than a 
month after being submitted, while others are delayed 
a year or more. An inspection of current issues of 
several of the best-known periodicals shows much less 
time-lag in certain foreign publications than in our own. 
Probably the extreme cases of time-lag in this group are 
encountered in those institutional publications which 
are essentially statistical in nature, such as Mineral 
Resources and the different reports from the Bureau of 
the Census. The former may be two years late. The 
latter varies from some months for mimeographed inter- 
censal reports to ten years for the decennial report of 
the census of the United States. The user of these 


primary sources may then usually expect, in so far as he 
is able to read them and with the exceptions noted, to 
keep currently informed of the reported advances in 


the field. 

Unfortunately, unless one is approaching in his chemi- 
cal interests that ultimate degree of specialization 
represented by the individual who knows all there is 
to know about nothing, he finds himself overwhelmed by 
the tremendous annual accumulation of publications of 
the kind mentioned above. Chemical Abstracts’ recent 
list of periodicals abstracted includes 1996 titles. 
During 1931 there was an average of more than 1000 
patents issued each week in the United States, of which 
25 per cent. are estimated to be of chemical interest. 
With this situation prevailing, it is frequently most ef- 
ficient to seek desired chemical data in secondary 
sources, that is, those publications which serve funda- 
mentally as collecting, classifying, and organizing 
agencies. They index the material of the primary 
sources and put it in a form more readily available for 
use. Of these sources the most important are periodi- 
cals, such as abstracting journals, indexing serials and 
review serials, and general works of reference. 

Because of our dependence upon such publications, we 
are much concerned with the time-lag which intervenes 
between the date of publication of data in some original 
source and their later appearance in the several possible 
secondary sources. This time-lag becomes most strik- 
ing in the larger works of reference or treatises. That 
it is not adequately appreciated would seem to be indi- 
cated by the reported consideration by British and 
American chemists during the World War of the feasi- 
bility of issuing in the English language the third edition 
of Beilstein’s ‘Handbuch der organischen Chemie,” a 
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work much of which was at that time nearly twenty 
years old. The too-general lack of skepticism regard- 
ing the reliability of such sources, as regards their rela- 
tion to current information, seems to justify directing 
attention to the present situation. It becomes a matter 
of understanding the process involved and of adjusting 
ourselves to the existing situation, for the possibility 
of marked improvement seems unpromising, at least 
until we advance to a social and political status in 
science less nationalistic and more codperative. 

The time-lag in secondary periodicals varies widely 
for the three different types. On the average, it is 
undoubtedly least in the case of abstracting journals. 
No one with a realization of the huge problem involved 
can have anything but admiration for the fine way in 
which our own Chemical Abstracts is handled. It is 
literally a task of searching the scientific and technical 
publications of the world to find all the new items of 
chemical interest. The promptness with which an ab- 
stract of each of these appears depends principally upon 
the availability of the publication itself and upon the 
quickness of response of the designated abstractor on 
receiving the publication. Mr. E. J. Crane, editor of 
Chemical Abstracts, has estimated that an abstract 
will appear, on the average, after the original publica- 
tion is available in this country, in not less than a 
month and usually not much more than two months. 
Abstracts of advance proof or of obscure publications 
are exceptions in their respective directions. An 
occasional case arises also in which a publication does 
not reach an abstractor promptly. 

Indexing serials show a much wider variation than 
abstracting journals. The Agricultural Index, for ex- 
ample, is issued each month and is probably about as 
nearly current as possible. Annual publications, such 
as Engineering Index, obviously cannot be as nearly 
up-to-date for all items published during a given year. 
Probably the best example of time-lag in this kind of 
publication is furnished by the ‘International Catalogue 
of Scientific Literature.’’ As far as the writer is aware, 
the subject index for chemistry for the period 1800- 
1900 has not yet appeared in 1933. 

Review serials, usually being issued annually, con- 
tain unavoidably more or less; information at least a 
year old.when compiled. To this must be added 
whatever time is required to take the material through 
the process of publication. The English serials, “Annual 
Reports of the Chemical Society’’ and “Applied Chem- 
istry Reports,’ for 1931 were not available until late in 
1932. 

- Time-lag becomes probably most disconcerting in 
our larger works of reference, such as formula indexes 
and treatises. Aiming to present either a complete list 
of all known compounds or a comprehensive survey of 
an entire field of chemistry, the preparation of these 
publications in a form even approximately up-to-date 
represents probably the most difficult task in the realm 
of chemical literature. Compiling, checking, evaluat- 
ing, and arranging the material requires years, even 
with a group of workers. In such work a date must be 
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TABLE 1.—INorRGANIC REFERENCE WORKS 


Hoffmann Gmelin 


Actinium No. 40 
Aluminum II No. 35 
Antimony No. 18 
Argon No. 1 (26) 
Arsenic No. 17 
Barium No. 30 
Beryllium No. 26 (30) 
Bismuth No. 19 (27) 
Boron No. 13 (26) 
Bromine . 7 (31) 
Cadmium . 33 (25) 
Calcium 
Carbon 
Cerium 
Cesium 
Chlorine 
Chromium ’ 
Cobalt . 58 (30-32) 
Columbium . 49 
Copper . 60 
Dysprosium . 39 
Erbium . 39 
Europium . 39 
Fluorine 

Gadolinium 

Gallium 

Sermanium 

Gold 

Hafnium 

Helium 

Holmium 

Hydrogen 

Illinium 

Indium 

Iodine 

Iridium . 

Iron . 59 (29-32) 
Krypton . 1 (26) 
Lanthanum . 39 

Lead . 47 
Lithium . 20 (27) 
Lutecium . 39 
Magnesium . 27 
Manganese . 56 
Masurium 7 . 69 
Mercury . 34 
Molybdenum . 63 
Neodymium . 39 
Neon 

Nickel 

Nitrogen 

Osmium 

Oxygen 

Palladium 

Phosphorus 

Platinum 

Polonium 

Potassium 

Praseodymium 

Protoactinium 

Radium 

Radon 

Rhenium 

Rhodium 

Rubidium 

Ruthenium 

Samarium 

Scandium 

Selenium 

Silicon 

Silver 

Sodium 

Strontium 

Sulfur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

Titanium 

Tungsten 

Uranium 
Vanadium 

Xenon 

Ytterbium 

Yttrium 
Zinc 
Zirconium 

No. 85 
No. 87 
Ammonium compounds 


Mellor 


IV (23) 
V (24) 
IX (29) 
VII (27) 
IX (29) 
ITI (23) 
IV (23) 
IX (29) 
V (24) 
II (22) 
IV (23) 
IIT (23) 
V (24), VI (25) 
V (24) 
II (22) 
II (22) 
XI (31) 


IX (29) 
III (23) 
V (24) 
V (24) 
V (24) 
II (22) 
V (24) 
V (24) 
VII (27) 
III (23) 
VII (27) 
VII (27) 
V (24) 
I (22) 


V (24) 
II (22) 


XII (32), XIII () 
VII (27) 
V (24) 
VII (27) 
II (22) 
V (24) 
IV (23) 
XII (32) 
XII (32) 
IV (23) 
XI (31) 
V (24) 
VII (27) 


VIII (28) 


VIII (28) 


IV (23) 
IT (22) 
V (24) 
IV (23) 
IV (23) 
IV (23) 
XII (32) 


II (22) 


V (24) 
V (24) 
X (30) 
VI (25) 
III (23) 
II (22) 
III (23) 
X (30) 
1X (29) 
XI (31) 
V (24) 
V (24) 
VII (27) 
V (24) 
VII (27) 
VII (27) 
XI (31) 
XII (32) 
IX (29) 
VII (27) 
V (24) 
V (24) 
IV (23) 
VII (27) 


VIII (28) 


Friend* 


IV (21) 
IV (21) 
Wizz ( ) 
I (14) 
VIn( ) 
ITIx (25) 
III (26) 
VIn( ) 
IV (21) 
VIII (15) 
II Im (26) 
ITTx (25) 
V (21) 
IV (21) 
II (24) 
VIII (15) 
Vilnr (26) 
1X1 (22) 
Vin (29) 
IT (24) 
IV (21) 
IV (21) 
IV (21) 
VIII (15) 
IV (21) 
IV (21) 
V (21) 

II (24) 
IV (21) 

I (14) 
IV (21) 
II (24) 


IV (21) 
VIII (15) 
IX1 (22) 
IXn (21) 
I (14) 
IV (21) 
V (21) 

II (24) 
IV (21) 
TiIxr (26) 
VIII (15) 


IlIn (26) 
Vili (26) 
IV (21) 

I (14) 

1X1 (22) 
VIr (28) 
Xr (22) 
VIIr (24) 
TXz (22) 
Vinr( ) 
1X1 (22) 
IIx (25) 
II (24) 

IV (21) 
ViInr (26) 
IIIr (25) 

I (14) 


IXr (22) 
II (24) 
1X1 (22) 
IV (21) 
IV (21) 
Vili (31) 
V (21) 

II (24) 

II (24) 
IIIr (25) 
Viln (31) 
Vin (29) 
Viln (31) 
IV (21) 
IV (21) 

V (21) 

IV (21) 

V (21) 

V (21) 
Vili (26) 
Vilin (26) 
Vin (29) 
I (14) : 
IV (21) 
IV (21) 

Il In (26) 


II (24) 


Abegg Pascal and Baud 

VI 

III, 1 (06) VII 

III, 3 (07) IV 

IV, 3, 1 (28) XII 

III, 3 (07) 

II, 2 (05) 

IT, 2 (05) 

III, 3 (07) 

III, 1 (06) 

IV, 2 (13) 

II, 2 (13) 

II, 2 (05) 

III, 2 (09) 

III, 1 (06) 

II, 1 (08) 

IV, 2 (13) 

IV, 1, II (21) 


III, 3 (07) 
II, 1 (08) 
III, 1 (06) 
III, 1 (06) 
III, 1 (06) 
IV, 2 (13) 
III, 1 (06) 
III, 1 (06) 
III, 2 (09) 
II, 1 (08) 


IV, 3, 1 (28) 
III, 1 (06) 
II, 1 (08) 


III, 1 (06) 
IV, 2 (13) 


IV, 3, 2 (30- 
IV, 3, 1 (28) 
III, 1 (06) 
III, 2 (09) 
II, 1 (08) 


II, 2 (05) 
IV, 2 (13) 


II, 2 (05) 
IV, 1, II (21) 
III, 1 (06) 
IV, 3, 1 (28) 


III, 3 (07) 
FV, 1,2 (27) 
III, 3 (07) 


IV, 1, 1 (27) 
II, 1 (08) 
III, 1 (06) 


II, 2 (05) 
IV, 3, 1 (28) 


II, 1 (08) 


III, 1 
III, 1 (06 
IV, 1, I (27) 
III, 2 (09) 
II, 1 (08) 
II, 1 (08) 
II, 2 (05) 
IV, 1, I (27) 
III, 3 (07) 
IV, 1, I (27) 
III, 1 (06) 
III, 1 (06) 
III, 2 (09) 
III, 1 (06) 
III, 2 (09) 
III, 2 (09) 
IV, 1, II (21) 
IV, 1, II (21) 
III, 3 (07) 
IV, 3, I (28) 
III, 1 (06) 
III, 1 (06) 
II, 2 (05) 
III, 2 (09) 
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set after which new contributions cannot be accepted 
because of the necessity of starting those already as- 
sembled through the process of printing. By the time 
the latter procedure is accomplished more years have 
elapsed. For “International Critical Tables’ all data 
were collected up to 1924, but the first volume was not 
published until 1926 and 1930 arrived before the seventh 
(final) volume appeared. In this particular case we 
have a supplementing publication in the French ‘‘Tables 
Annuelles ...’’ but its time-lag reaches several years 
for some volumes. 

As further examples we may consider the descriptive 
type of treatise in the general fields of organic and in- 
organic chemistry. The monumental compilation for 
the former field is Beilstein’s ‘‘Handbuch der organis- 
chen Chemie,” the fourth edition of which is now being 
issued by the Deutsche chemische Gesellschaft. The 
main volumes include material to 1910, the first of which 
appeared in 1918 and: the sixteenth (latest) in 1933. 
Probably the most numerous groups of compounds have 
now been included, but the first sixteen volumes have 
not covered half of the projected 4877 classes of com- 
pounds. For compounds not yet covered in the new 
edition the third edition contains nothing later than 
1899-1903, making it more or less obsolete now because 
of the phenomenal progress in organic chemistry since 
1900. Already (February, 1933) supplementary vol- 
umes have appeared for the first ten original volumes 
of the new edition. It should be noted, however, that 
these contain information only to 1920. For later 
facts the searcher must be his own compiler. 

In the inorganic field we have as yet no dominant trea- 
tise such as Beilstein’s for organic compounds. Since 
several sources of this type are more or less generally 
used, a tabular summary is given (p. 286) showing which 
volume of each set contains information about each 
element and also the dates of publication of each vol- 
ume. This may serve as an aid in noting quickly 
whether desired information for a given element may be 
found in any of the sets, the approximate degree to 
which it is up-to-date, and the volume in which it is 
located. One of the sets is bound without any indica- 
tion of the elements covered in each volume and a 
second indicates only the periodic groups covered. 
The following sets have been examined as being the 
most important at the present time: Hoffmann, 
“Lexikon der anorganischen Verbindungen’’; the new 
eighth edition of Gmelin, “‘Handbuch der anorganischen 
Chemie’; Mellor, ‘‘Comprehensive Treatise on In- 
organic and Theoretical Chemistry’; Friend, ‘‘Text- 
book of Inorganic Chemistry’; Abegg, Auerbach, and 
Koppel, ‘Handbuch der anorganischen Chemie’; 
and Pascal and Baud, ‘‘Traite de Chimie Minerale,’ 
just starting to appear. All the announced forthcoming 
volumes of the sets of Gmelin and of Pascal and Baud 


* Friend’s treatise includes four volumes not listed in the table—X (28) on metal ammines, and XIi (28), XIm (30), XI ( 


compounds. 
‘ 
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have been listed, the absence of dates showing the ones 
not yet available. 

Attention is directed in Table 1* to two examples of 
time-lag only. Boron is discussed in four of the trea- 
tises, the dates of which range from 1906 to 1926. 
Until 1933 the elements of the platinum group were dis- 
cussed in one treatise only and it appeared in 1922. 
Hoffmann’s formula index is stated to contain nothing 
later than April, 1909. 

The situation mentioned above for the general fields 
of organic and inorganic chemistry is similar to that 
existing in treatises for the more specialized fields, 
such as analytical chemistry, biochemistry, experimen- 
tal methods, and others. What has been stated about 
treatises may be applied also to encyclopedias, as it 
is no less difficult to keep them up-to-date. 

Of the various kinds of publications available, mono- 
graphs and textbooks remain for consideration. Al- 
though differing somewhat in nature, one may deal 
with them jointly for the present purpose. In general, 
they are reasonably up-to-date when published. All 
too often, however, users fail to note in a given book 
the date of publication or of copyright, as given on the 
title page or on the back of it, respectively. The 
information must be open to question after that date, 
and in addition time should be allowed for compiling 
and printing the material. Because the author’s field 
is likely to be somewhat more limited and because he is 
more closely associated with all the developments in it, 
it is believed that information in monographs may be 
more dependable at the time of publication than that 
in textbooks. It is not uncommon to find wrong or 
misleading statements, particularly concerning com- 
mercial practices and products, in late editions of the 
latter works, a situation doubtless attributable in 
many cases to non-appreciation of the time-lag of 
sources from which supposed facts were taken. 

In conclusion, the following points may be stated 
concerning the time-lag of information contained in the 
various kinds of chemical publications: 


1. It is found in all publications to a greater or 
less degree. 

2. In primary sources, such as periodicals, institu- 
tional publications, patents, and dissertations and 
manufacturer’s technical bulletins, it is usually rela- 
tively small. 

3. In secondary sources, such as abstracting jour- 
nals, indexing serials, review serials, and general works 
of reference, its magnitude is much more significant, 
reaching not infrequently in treatises values of five 
to thirty or more years. 

4. Its occurrence seems at present more or less un- 
avoidable, necessitating the recognition of its exist- 
ence and the regulation to it of our use of the literature. 


) on the organometallic 











In this instalment** the iron ore deposits of the Lake 
Superior States, which normally furnish about 80 per cent. 
of the annual output of the United States, are described 
together with historical notes on discovery and transporta- 
tion of ore. Deposits in the Mississippi Valley and 
Western States are likewise outlined and the sources of 
imported ore are given. 

Reviewing the whole field, it is indicated .that the 
great producing deposits of the Lake Superior and 


Lake Superior States—The map of the iron ore areas 
of the United States is at first glance apt to give a mis- 
leading impression of the relative importance of the ore 
areas in the vicinity of Lake Superior. Although these 
areas can be represented on a small-scale map only by 
short thin lines, in reality they represent the accumu- 
lation of larger quantities of ore than at any other areas 
of equal size, and for many years they have yielded 
about four-fifths of the total annual ore output of the 
United States. In the Lake Superior States the iron 
ore deposits may be grouped into seven long narrow 
areas, or “ranges,” viz., the Marquette, Menominee, 
and Penokee-Gogebic in northern Michigan and Wis- 
consin and the Vermilion, Mesabi, and Cuyuna in 
northern Minnesota. Three other minor and unim- 
portant ore-bearing areas occur in Wisconsin. The iron 
ores in all the northern areas are in pre-Cambrian forma- 
tions, generally considered to be of Algonkian and 
Archean age. The iron ores are confined to iron forma- 
tions, bedded deposits, consisting chiefly of a mixture 
of chert, or quartz, and ferric oxide segregated in 
bands. The original forms of the iron-bearing de- 
posits are considered to have been cherty iron carbon- 
ate and hydrous ferrous silicate (greenalite). 
MARQUETTE RANGE.—The Marquette Range extends 
from Marquette, Michigan, on Lake Superior, west- 
ward to Lake Michigamme, a distance of about 30 
miles, and is 1 to 6 miles in width. It lies wholly in 
the State of Michigan. The more important mines 
are near Ishpeming, Negaunee, and Republic. The 
iron formations occur in the upper and middle Huronian 
rocks which have been folded into a synclinal basin 
comprising a number of minor synclines and anti- 
clines. The ores occur on the limbs of the basin, 
more particularly that at the north, and may be local- 
ized as ores at the base of the Negaunee formation 
(middle Huronian), ores within the Negaunee, and 
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The SOURCES of OUR IRON ORES.” II 
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southern Appalachian regions are of hematite in basin 
areas of sedimentary rocks, that hydrated iron oxides 
and tron carbonates are generally found in undisturbed 
comparatively recent sediments, and that magnetite oc- 
curs in metamorphic and igneous rocks; also that nu- 
merical abundance of deposits is not a criterion as to 
their real importance as a source of supply. Statistics of 
production of iron ore and estimates of reserves of present 
grade conclude the paper. 


detrital ores at the base of the Goodrich quartzite 
(upper Huronian). Those of the first type are of 
soft hydrated hematite and occur where the rocks 
have been folded into pitching synclinal troughs, and 
in places these troughs have been cut by basic dikes 
forming pockets where the ore has developed between 
the dikes and slate. Ores within the Negaunee are 
chiefly soft hematite and are developed at the contact 
of the iron formation with basic intrusions, and the 
detrital ores were formed by breaking up of ores of 
the first two types during the erosional period between 
the deposition of the middle and upper Huronian 
rocks. They are of hard, specular hematite with some 
magnetite.'! 

Iron ore was discovered by a United States surveying 
party in 1844 near the site of the present city of Ne- 
gaunee. The presence of the ore was noted by accident 
by the surveyors who, in endeavoring to run a north- 
south line, found that in certain localities the needle of 
the compass was much disturbed. When the sod was 
dug up masses of iron ore were revealed which strongly 
attracted the needle. Shortly after the discovery of 
iron ore a sample was taken to Jackson, Michigan, and 
in 1845 the first iron to be made from Lake Superior 
ore was produced in a blacksmith’s forge near that 
place. In 1847 a Catalan forge was built on Carp 
River, 10 miles from Marquette and in February, 1848, 
this forge produced the first iron ever made in the Lake 
Superior region. In 1852 six barrels of ore were shipped 
by sailing vessels from Marquette down the lakes to 
Newcastle, Pennsylvania, the earliest recorded ship- 
ment of Lake Superior ore to the lower lakes. In 1853, 
152 tons of ore were shipped from Marquette to Erie, 
Pennsylvania. It required four sailing vessels to move 
the ore from Marquette to Sault Ste. Marie, where it was 
portaged and loaded on boats below the falls. It soon 
became apparent that the only economical way to trans- 
port the ore would be by through boats, and that this 





11 The geologic descriptions of the Lake Superior ranges are 
largely according to E. C. Harper, “Iron ores, pig iron, and 
steel,” U. S. Geol. Survey, Min. Res., pt. 1, pp. 38-47 (1908). 
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would be feasible only by means of alock canal. Before 
the discovery of iron ore—as early as 1837— the building 
of a canal was advocated. Work was begun in 1839 on 
a canal by the State of Michigan but was soon brought 
toa close on account of a conflict with federal authorities 
because the route of the proposed canal traversed a fed- 
eral military reservation. Many unsuccessful efforts 
were made to have Congress further the enterprise. 
Henry Clay is reported to have ridiculed it, saying that it 
contemplated a work beyond the remotest settlement 
in the United States, if not in the moon. Govern- 
mental aid in the form of grants of state land was 
finally granted in 1852, and the year 1853 saw the be- 
ginning of the great work. The canal was completed 
in April, 1885, at a cost of about one million dollars. 
The total length was 5700 feet, or a little more than 
one mile, but its depth and the capacity of the locks 
were small as compared with those of the present canal. 
The first through lake shipment of iron ore was made 
in August, 1855. It consisted of 132 tons, and was 
carried by the sailing brig Columbia from Marquette, 
Michigan, to Cleveland, Ohio. The total shipments in 
1855 were less than 1500 tons, and in the year following 
were about 6300 tons. This is a great contrast with 
later records when nearly 59,000,000 tons of iron ore 
passed through the locks of the Sault Ste. Marie canal 
in 1929, a year of maximum production. A single ore 
freighter will now carry more than 14,000 gross tons 
of ore on a single trip. 

Although almost the first iron to be made from Lake 


Superior iron ore was produced near Marquette, Michi- 
gan, iron-making did not soon become a large industry 
in the region, and only after an interval of more than 
seventy years after iron ore was first discovered near 
Lake Superior plans were consummated for its manufac- 
ture on a large scale at Duluth, Minnesota. 

MENOMINEE RANGE.—The second of the Lake Su- 
perior ranges to begin production of iron ore is the 
Menominee, about 25 miles northwest of Green Bay 
in the northern peninsula of Michigan, where ore was 
discovered in commercial quantity about 1867. The 
range extends a few miles beyond the state line into 
Wisconsin, and its total length is about 56 miles in a 
northwest-southeast direction and the ore is found in 
several areas. Among the mining towns are Iron 
Mountain, Metropolitan, Crystal Falls, and Iron 
River, Michigan, and Florence, Wisconsin. 

The iron ores mined in this district consist principally 
of gray, banded hematite, with small quantities of hard 
red hematite. The ores are chiefly in the upper Huro- 
nian Vulcan formation. The rocks are folded into a 
complicated structure having two major anticlines with 
minor folds superimposed on them. ‘The ore deposits 
are large and occur on relatively impervious formations 
which are folded into pitching troughs at places where 
ores are found.’ 

THE PENOKEE-GOGEBIC RANGE.—The Penokee-Go- 
gebic Range is in northern Wisconsin and northern 
Michigan about 20 miles south of Ashland, Wiscon- 

12 HARDER, E. C., loc. cit., pp. 45-6. 
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sin, on Lake Superior. The range occupies a narrow 
area extending northeast-southwest about 75 miles. 
Mining towns are Hurley, Wisconsin, and Ironwood 
and Bessemer, Michigan. The productive iron forma- 
tion is mostly of ferruginous chert of upper Huronian 
age overlain by slate and underlain by quartzite and 
slate. Heavy gabbro above the upper slate has meta- 
morphosed the iron formation in places to jasper and 
amphibole-magnetite rock. The sedimentary rocks 
dip steeply northwest and are cut by basic igneous 
dikes. Where these dikes cut the footwall quartzite 
or lower slate impervious troughs are formed through 
which iron-bearing waters converged, became ponded, 
and deposited their load of ore. The ore is mostly 
soft, hydrated hematite, but hard, slaty ore is also abun- 
dant. Some of the ore is manganiferous. The deposits 
reach depths of 1000 feet or more, and mining is entirely 
underground. The fact that iron ore occurred in the 
Penokee-Gogebic Range was pointed out by geologists 
long before any ore was mined, but it required many 
years to build railroads to the districts and to prepare 
mines for a steady production. 

VERMILION RANGE.—The first iron range to be 
opened in Minnesota was the Vermilion, situated in 
northeastern Minnesota near the Canadian border 
and about 60 miles northwest of Lake Superior. Its 
width varies from 5 to 15 miles and its extreme length 
from northeast to southwest is about 100 miles. The 
principal deposits of ore are in iron formation in the 
Keewatin series of greenstones in which jasper has been 
infolded into troughs. These rocks are of Archean age, 
and older than most of the other commercial ore-bearing 
rocks of the region. The iron ore is mostly hard, blue or 
red hematite, and the principal mines are near the 
towns of Tower and Ely. 

MESABI RANGE.—The most important iron ore pro- 
ducing district in the Lake region and, in fact in the 
United States, is the Mesabi Range in northeastern 
Minnesota about 50 miles northwest of Duluth. It 
has a northeast-southwest length of about 90 miles, and 
a width of 2 to 10 miles. A broken range, or ridge, 


known as the ‘‘Giant’s Range,’’ forms the axis of the 
district. (Mesabi is the Chippewa Indian name for 
“giant.’’) The iron ore deposits lie along the outcrop 
of the iron formation at the southeast base of the range 
and are best developed at the minor transverse folds 
where surface waters carrying oxygen and carbon 
dioxide have effected alteration and concentration. 
The rocks dip slightly to the southeast and there are 
minor transverse folds. The iron formation, of upper 
Huronian age, is banded ferruginous chert and iron 
oxide, locally known as ‘taconite.’ In the eastern 
part of the range an intrusion of gabbro has meta- 
morphosed the iron formation to amphibole-magnetite 
rock. The ores consist chiefly of rich, soft porous 
brown, red, or blue hematite, and are of great horizontal 
extent as compared with their vertical depth, which 
usually is not more than 200 feet. Mining is therefore 
carried on principally in large, shallow, open pits, the 
ore being stripped of cover, dug and loaded directly on 
railway cars by large steam or electric shovels. 

The magnetite-bearing rocks of the eastern end of 
the Mesabi Range containing 20 to 30 per cent. of metal- 
lic iron attracted attention twelve to eighteen years 
ago in view of the possibility of saving the iron in the 
rock. Experimental work by the University of Minne- 
sota demonstrated that by grinding the rock very fine 
the magnetic iron oxide could be recovered from the 
siliceous material by dry and wet magnetic separation. 
A plant for handling this ore on a small shipping basis 
was put in operation at Babbitt, Minnesota, in 1922, 
which succeeded in producing a high-iron, low-phos- 
phorus sintered concentrate, but which is not now in 
operation. 

Geologists first noted iron ore in the Mesabi district 
in the ‘‘sixties,”’ but it was not until 1890 that large 
ore bodies were discovered through extensive prospect- 
ing by drilling through the cover of glacial drift. A 
shipment of about 30,000 tons of ore was made from 
the Mesabi Range in 1892, and from this small begin- 
ning the annual shipments grew by leaps and bounds 
until in 1929 they were more than 42 million tons. The 
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Mesabi Range ranks first in both annual and total 
output of iron ore in the Lake Superior region and pro- 
duces about half the iron ore mines in the United States 
each year. Most of the large iron mines of the United 
States are on the Mesabi Range. Many of these have 
produced more than 1,000,000 tons of ore in a year and 
the one having the record output yielded 8,823,879 tons 
of ore in 1923. 

CUYUNA RANGE.—The latest iron range to be opened 
in the Lake Superior region is the Cuyuna near Mille 
Lacs Lake in central Minnesota. Its length is about 65 
miles and it comprises several parallel belts of iron- 
bearing rocks. This is one of the most interesting of 
all the iron ranges because the presence of ore was dis- 
covered in an unusual way. There are no rocks visi- 
ble in this part of Minnesota, the surface being low, 
flat, and in part swampy, and is covered by clay, sand, 
and gravel ranging from 35 feet to 400 feet in thickness. 
The presence of iron ore was not suspected until 1895 
when it was found that the dip needle was strongly 
affected in some localities, even in swampy places. 
Observations with the dip needle and the solar compass 
led geologists to believe that there were large deposits 
of iron-bearing rocks below the surface clay. Drilling 
operations begun in 1903 realized the expectations of 
the geologists, and several steeply dipping ore bodies 
were found, some as much as 400 feet thick. By 1911 
several mines had been developed and shipments of ore 
were begun. The Cuyuna iron mines are mostly under- 


ground, and in this respect differ from those of the 
Mesabi district. 

The geology and structure of the Cuyuna Range are 
difficult to determine because the rocks are buried by 


glacial drift. Broadly the rocks appear to have been 
closely folded into a complex series of northeastward- 
trending anticlines and synclines near the axis of the 
southwestern extension of the Lake Superior synclinor- 
ium. The rocks are principally metamorphosed pre- 
Cambrian, probably upper Huronian, with isolated 
overlying patches of Keweenawan volcanic and intru- 
sive rocks and of Cretaceous sediments in places. The 
iron formation consists of cherty and argillaceous iron 
carbonate that in places has been altered to amphibole- 
magnetite rock, ferruginous slate, and iron ore. The 
ores vary from hard, blue, banded hematite and siliceous 
magnetite through all degrees of hydration into soft 
ochreous limonite. There is also much manganiferous 
ore here. The iron-bearing rocks are inclosed between 
layers of schist and slate. The rocks are intruded by 
gabbro and diorite.'® 

OTHER IRON ORE AREAS IN THE LAKE SUPERIOR 
STATES.—The only areas worthy of note in this region 
not in the immediate vicinity of Lake Superior are in 
Wisconsin at Iron Ridge, about 40 miles northwest of 
Milwaukee, at Baraboo, near Devils Lake, and at 
Spring Valley in the western part of the State. 

The ore at Iron Ridge is sedimentary red hematite, 

4 


18 Harper, E. C. AND JoHNSTON, A. W., “Notes on the 
geology and iron ores of the Cuyuna District, Minnesota,” U. S. 
Geol. Survey Bull., No. 660, pp. 1-26 (1917). 
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not so rich in iron as the average ore near Lake Superior, 
but it is so near large iron-consuming centers that it 
may be mined profitably and reduced in local blast 
furnaces. Geologists find the Iron Ridge ore interesting 
because of its similarity to the hematite that is found in 
beds near Clinton, New York, Birmingham, Alabama, 
and in Novia Scotia and Newfoundland. 

At Baraboo the rocks are folded into an elongated 
basin, around the rim of which the rocks come to the 
surface. Low-grade iron ore is found in ferruginous 
slate, chert, and dolomite rocks of Algonkian age, simi- 
lar to those of the Lake Superior region. Mining was 
done here in 1915-25, but proved unprofitable because 
of the low grade of the ore and because large quantities 
of water had to be pumped out of the mines. Brown, 
ore occurs at Spring Valley in western Wisconsin, but 
is not mined at present. 

Mississippi Valley and Gulf States —The deposits of 
iron ore comprised within this geographic division are 
widely scattered and with few exceptions are not of 
great importance. Beginning at the east, the siderite 
ores of eastern Ohio, western West Virginia, and north- 
eastern Kentucky make a showing on the map beyond 
all proportion to their relative value. The original 
siderite in the form of thin beds of blackband and lime- 
stone ore in the “Coal Measures” has weathered to 
limonite on the outcrop.’ These ores were used in 
local blast furnaces up to about 1882 but can hardly 
be considered of present or probable future impor- 
tance. 

The western Tennessee River Valley brown iron-ore 
area comprises a narrow belt extending from Russell- 
ville, Alabama, near Muscle Shoals, northward across 
west-middle Tennessee on the east side of Tennessee 
River into western Kentucky. In the Alabama part of 
the area the ore is largely in the Cretaceous Tuscaloosa 
gravel, sand, and clay overlying the late Mississippian 
Bangor limestone, but in Tennessee it is more particu- 
larly associated with clay and chert residual from earlier 
cherty Mississippian limestones. The region has long 
been a producer of iron ore and pig iron and is today a 
producer of special irons such as ferrophosphorus, high- 
silicon iron, and charcoal iron. Two large by-product 
charcoal plants were built in*Tennessee during the 
World War, as large forests of hardwood trees are still 
available in this region. There is considerable un- 
mined ore, particularly near Russellville, Alabama, 
and the district will continue to be a factor in the iron 
industry for many decades. 

In northeastern Iowa, near Waukon, there is an inter- 
esting deposit of brown ore forming a cap on an eminence 
called Iron Hill. The ore overlies Galena and Platte- 
ville limestones, of Ordovician age, and occupies an 
area of less than half a square mile. In the deposit 
there is much clay, chert, and limestone intimately 
mixed with the ore and which must be excavated with 
it in open-pit mining, and in the exploitation of this 
deposit which was active at intervals from 1913 to the 
close of the World War a dry separation process was 
employed in which the ore was finally partially reduced 
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to magnetic iron oxide which was recovered by means 
of electromagnets. The ore concentrates have been 
shipped to blast furnaces at Milwaukee, Chicago, and 
St. Louis, and were carried to the latter place during the 
War by barges on the Mississippi River. 

Deposits of hematite and brown ore are scattered 
through large areas in central and southern Missouri. 
There are various types of hematite that range in age 
from pre-Cambrian to Carboniferous. In the Ozark 
region there are many small deposits of hematite filled 
into sink holes in the Cambrian rocks. The area south 
of St. Louis which contains specular hematite in por- 
phyry at Iron Mountain and in slate and conglomerate 
at Pilot Knob is the most important in the State. Ore 
was mined here on a large scale prior to 1890 and in 
small quantities subsequently, but was thought to be 
nearly exhausted until a few years ago when prospecting 
disclosed a considerable body at Iron Mountain. Two 
areas underlain by Cambrian and Mississippian rocks 
within which brown ore deposits are scattered are 
known, one a little southwest of the center of the State, 
the other in the southeastern part of the State and ex- 
tending into northern Arkansas. Both hematite and 
brown ore from the Missouri deposits have been con- 
sumed in blast furnaces in the St. Louis district. 

In northeastern Mississippi scattered deposits of 
siderite in local thin lenses are found in beds of Eocene 
lignitic clay and sand. About 1915 a small amount of 
this ore was mined and reduced to pig iron in a charcoal 
furnace at Winborn, but the operation was not success- 
ful. 

Promising deposits of brown iron ore occur in several 
counties of northeastern Texas. The brown ore is 
found to grade into siderite below the weathered zone. 
The ore deposits are associated with glauconite (green- 
sand) from which they probably have been derived. 
The ore-bearing formations which contain the principal 
deposits of ore are of Eocene age, and consist chiefly of 
sand, gravel, and clay, generally only slightly consoli- 
dated. The ferruginous portions of the formations are 
the most resistant. The iron ore deposits are often 
found on flat-topped ridges which have persisted be- 
cause of the greater resistance to erosion offered by 
beds of ferruginous sandstone, conglomerate, and brown 
ore with which they are capped. 

The iron ores of northeastern Texas are not being 
mined at present although in earlier years iron was 
mined and manufactured there. Five blast furnaces 
were operated, one being the property of the State, 
which, with its associated ore mines was operated by 
convict labor. Much of the pig iron produced was re- 
melted and cast into iron pipe in local foundries. 

In Llano and Mason Counties in central Texas small 
deposits of magnetite or of mixtures of magnetite and 
hematite have been observed at more than thirty 
places, associated with schists and gneisses of pre- 
Cambrian age. The ores are of good quality but of 
uncertain quantity. 

In the Black Hills of South Dakota deposits of hema- 
tite and brown ore occur in Custer, Meade, and Pen- 
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nington Counties. One type of the hematite consists 
of thin alternating layers of specular hematite and 
quartz, resembling the banded siliceous hematite of the 
Lake Superior region. The brown ore is of recent and 
present-day deposition in bogs from water carrying iron 
from slates and schists bearing pyrite and pyrrhotite. 
It forms as an ochreous precipitate which has been used 
in making paint. 

Rocky Mountain States —Maps showing iron ore de- 
posits in the west are as misleading as those of the 
eastern states. For instance, the two states of the 
Rocky Mountain group that are the largest producers at 
present, Wyoming and Utah, do not make as large a 
showing on the map as do Colorado, Arizona, or Ne- 
vada. New Mexico, Idaho, and Montana also are 
credited with a number of scattered deposits but with 
no important production. 

The most important deposits of iron ore in Wyoming 
are at Hartville in the eastern part of the State near 
North Platte River. The ore is high-grade hematite in 
lenses replacing pre-Cambrian schist in contact with a 
limestone footwall. Ore has been shipped from the 
Hartville mines since 1868 and constitutes the principal 
source of supply for the iron and steel plant at Pueblo, 
Colorado. The ores are mined from open-cuts that at 
depth become “glory holes’ through which the ore is 
milled downward and carried through tunnels to shafts 
where it is hoisted to the surface. 

Other deposits of hematite are in the Seminoe Moun- 
tains and near Rawlins. The Rawlins ore is a rich, 
soft powdery red hematite replacing limestone. This 
ore was first mined about 1870 and shipped to smelters 
at Salt Lake City, Omaha, and other places as a metal- 
lurgical flux; in 1883 it was used as a paint on the 
newly completed Brooklyn Bridge. The Seminoe de- 
posits occur in a banded jaspery iron-bearing quartzite 
of probable Archean age, very similar to formations of 
this character in the Lake Superior region. The de- 
posits are near the southern edge of a block of pre- 
Cambrian rocks that have been thrust over Cretaceous 
sediments. 

The Seminoe ore has not been mined and, until rail- 
road transportation is available, it is doubtful if any 
developments will take place. 

A deposit of magnetite in the form of an igneous dike 
at Iron Mountain in southeastern Wyoming is of geo- 
logical interest but not of present commercial value be- 
cause it contains generally 20 per cent. or more of ti- 
tanium. The tonnage is large and, if it becomes pos- 
sible to so treat the ore as to remove the titanium or 
if it could be mixed with other ores so as to produce a 
high titanium iron, the deposit may at some future time 
become of importance. 

In Wyoming the iron ores are more generally associ- 
ated with sedimentary and metamorphic rocks than 
with igneous rocks. 

In central Colorado a group of iron ore deposits con- 
sisting of magnetite, brown ore, and hematite, in the 
order named, is exhibited by the general map. The 
magnetite deposits are principally of the type known as 
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contact deposits, formed by replacement of limestone 
by magnetite at or near the contact of an intrusive 
igneous mass, but there are also veins of magnetite 
within the igneous masses. Certain of the deposits at 
Taylor Peak, White Pine, and Cebolla have seemed of 
sufficient interest to warrant study and description, but 
they have not yet developed into mines. Hematite 
occurs in thin veins in granite. Brown ore occurs 
usually as a gossan capping deposits of metallic sulfides, 
having been formed by the oxidation of iron pyrites, 
but some deposits may have resulted from alteration of 
ores formed by the replacement of limestone by iron- 
bearing magmatic solutions that first formed siderite 
and ankerite, as at Orient in the Sangre de Cristo 
Mountains; others originated in bogs. 

Brown ore has been mined at Orient for the produc- 
tion of iron at Pueblo and at other places for flux in 
local copper and silver smelters. Some of the brown 
ore contains manganese, as for instance at Leadville, 
where it has been used in the manufacture of spiegelei- 
sen. 

In New Mexico there are nine iron-bearing localities, 
among which magnetite predominates. The deposits 
are mainly in the western two-thirds of the State in 
areas of igneous rocks. Magnetite has beeh mined for 
making iron, and brown ore from Glorieta for smelter 
flux. 
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According to recent records, Arizona possesses de- 
posits of iron ore at about seventeen localities, at ten 
of which hematite predominates; five are of magnetite, 
and two are of limonite, although at certain places 
there are mixtures of these ores. The deposits are 
mainly in the southern and western parts of the State, 
associated with igneous rocks. A large deposit of 
hematite is on the Fort Apache Indian Reservation 
about 65 miles southwest of the Atchison, Topeka, and 
Santa Fe Railroad at Holbrook. This ore was formed 
by the replacement of banded‘ chert by iron-bearing 
magmatic waters. Other large deposits of hematite are 
in Yavapai and Yuma Counties in limestone and meta- 
morphic rocks. 

Utah is the only state west of Colorado in which 
pig iron is at present made. Most of the required iron 
ore is produced within the State, and fortunately coke 
from local coal is also available. Magnetite, brown ore, 
and hematite are present in scattered deposits at about 
thirteen localities. The brown ore is mostly in the 
northern part of the State and some of it is manga- 
niferous. A deposit of high-grade hematite occurs in 
the Uinta Mountains, about 35 miles east of Park City. 
The ore occurs in limestone, probably as a replacement 
along fracture zones. Magnetite and hematite occur 
together in large deposits at Iron Springs, Desert 
Mount, and Bull Valley in southwestern Utah. These 
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deposits generally occur in fissure veins, as replacement 
deposits, and as breccia cement. The associated rocks 
are Carboniferous limestone, Cretaceous quartzite, 
and Tertiary limestone, sandstone and lava flows, with 
the Carboniferous and Cretaceous rocks intruded by 
early Tertiary andesite laccoliths. The ores are uni- 
formly associated with the andesite and appear to have 
been deposited by hot ore-bearing solutions that came 
up from magmas through fissures in the andesite. 
Within the last 10 years the ore deposits in Iron County 
have been furnished a railroad outlet and large tonnages 
of ore have been shipped to the blast furnace at Provo, 
Utah. 

Deposits of iron ore are recorded at about twenty lo- 
calities in northern and western Nevada. Magnetite 
predominates with brown ore and hematite about 
equally constituting the remainder. Important de- 
posits of magnetite occur in Humboldt County and 
others are in Eureka, Churchill, Elko, and Pershing 
Counties, and the brown and hematite ores follow a 
somewhat similar distribution. Certain of the magne- 
tite deposits are of the replacement type. Nevada is 
not at present producing iron ore. 

Idaho has deposits of iron ore at eight or nine locali- 
ties within the areas of metamorphic and igneous rock 
between Pend Oreille Lake and the Snake River. 
The deposits are mostly of magnetite with a very few 
of brown ore and hematite. The magnetite deposits 
although most numerous are apparently small, scat- 
tered, and unimportant; the hematite is widespread in 
lode deposits and not in itself of value; and the brown 
ore is perhaps the most promising of all. The brown 
ore is common in association with veins of ores of other 
metals in many mining districts and has resulted from 
the oxidation of iron carbonate. Small quantities have 
been mined as smelter flux and because of its wide dis- 
tribution consideration has geen given to development 
of a supply in the northern part of the State near the 
Coeur d’Alene district to supply a proposed iron indus- 
try in the vicinity of Spokane. Investigations have 
not, however, yielded encouraging results as to quan- 
tities of ore available. 

Deposits of iron ore are recorded at twenty or more 
localities in Montana. Of these deposits ten are of 
magnetite, seven of brown ore, and two are of hematite. 
The brown ore deposits have been formed by the oxida- 
tion of pyrite and in bogs. Some of these ores are 
manganiferous. The magnetite deposits are chiefly in 
western Montana, and consist of magnetite-bearing 
sandstone of Upper Cretaceous age. These beds are 
of sedimentary origin and resemble the accumulations of 
“black sands’’ found on certain beaches of the Pacific 
Ocean and the Great Lakes. The sandstone contains 
30 to 50 per cent. of iron but suffers the disadvantage of 
also containing 6 to 12 per cent. of titanium oxide. 
Hematite of high grade and of considerable tonnage is 
found in central Montana, replacing Carboniferous 
limestone at its contact with intrusive porphyry. Mon- 
tana is at present producing no iron ore. 

Pacific Coast States ——In California and Washington 
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iron ore deposits are fairly numerous but Oregon pos- 
sesses comparatively few deposits. 

Twenty-five to thirty iron ore deposits are known 
in Washington. They are predominantly of magnetite 
but several hematite and fewer brown ore localities are 
known. The ore localities are mostly in the northern 
two-thirds of the State in areas of intrusive, meta- 
morphic, and sedimentary rocks. In the southern part 
of the State there are large areas of Tertiary effusive 
rocks which are not so favorable for the localization of 
iron ore deposits. The iron ores have been studied by 
the State and divided into sedimentary, residual, later- 
itic, replacement, contact metamorphic, and magmatic 
segregation types. 

The largest known iron ore body in Washington is in 
the Cle Elum district, Kittitas County, among eastern 
spurs of the Cascade Mountains. The ores are ap- 
parently mixtures of hematite and magnetite. The 
most interesting feature of this deposit is its geologic 
history. The ore lies in discontinuous bodies on the 
surface of an old serpentine formation at and in the base 
of a later sandstone, and there is reason to suppose that 
the iron ore is a result of concentration by weathering 
of the serpentine, which, itself, is an alteration product 
of an igneous rock, peridotite, of pre-Tertiary age. 
After these weathered, or lateritic, ore bodies were 
formed on the surface of the serpentine, the sandstone, 
of Tertiary age, was deposited over them and the rocks 
of the region were subjected to structural deformations. 
The iron ore deposits were thus metamorphosed from 
a probably limonitic state to magnetite and hematite 
by deep burial and movements of the earth’s crust. 
The ores thus constitute ‘‘fossil’’ deposits (not fossil- 
iferous, however) such as would result if the lateritic 
iron ores of the north coast of Cuba, now lying at the 
surface, were to be buried and metamorphosed, and 
subsequently exposed by erosion. The ore is of low 
grade, carrying 40 to 50 per cent. of iron and consider- 
able alumina and silica, also generally some chromium 
and nickel, as do the Mayari ores of Cuba. 

The question of establishment of an iron and steel 
industry in Washington has been considered several 
times. A steel plant now is in operation at Seattle but 
obtains its metal in the form of scrap and as pig iron 
shipped from Utah and from China. In the interest of 
this plant a very comprehensive survey was made a 
few years ago of the iron ore resources of the Pacific 
Coast but apparently the information obtained did not 
disclose a sufficient supply to warrant building a blast 
furnace. Similar inquiries have been made by parties 
at Spokane with the same result. In northeastern 
Washington, however, certain deposits of magnetite 
and hematite in Stevens County have been considered 
of promise, and a quantity of magnetite mined in 1929 
was fused with magnesite of local derivation for the 
manufacture of ferromagnesite, a refractory. Ship- 
ments of brown ore and magnetite for use as flux have 
been made in the past to smelters. 

A large part of Oregon is covered by Tertiary effusive 
igneous rocks or by Quaternary sediments where iron 
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ore deposits are not usually found and the only areas 
in which deposits have been examined are in the 
extreme northwest and southwest parts of the State. 
In the northwestern area the ores are of the brown 
variety. The principal deposits are near the Columbia 
River a few miles below Portland. The ores lie on and 
are interbedded with Tertiary basalt and are thought to 
have originated by weathering of the basaltic rocks 
and accumulated as bog deposits on land surfaces earlier 
than the present. These deposits resemble in charac- 
ter and geologic associations some deposits examined by 
the writer in Misiones Territory, Argentina. A con- 
siderable quantity of ore has been shown here by pros- 
pecting, but Oregon is producing no ore at present 
on account of lack of markets. The ore in the south- 
western area is in Curry County. It is magnetite, in 
boulders, lenses, and impregnation deposits. The ore 
of the latter type may be concentrated magnetically 
and has possible value. 

Deposits of iron ore are distributed over much of 


AN OuTCROP 
OF MAGNETITE 
IN MojAVE DESERT, 


CALIFORNIA 


California, especially in the Sierra Nevadas and in the 
isolated mountains of the Mojave Desert. A few de- 
posits are in the areas of volcanic rocks at the north and 
a few deposits are near the coast. Recent records 
show a total of sixty-four deposits, of which thirty-five 
are of magnetite, fourteen of brown ore, eight of hema- 
tite, and seven are unclassified, but there are probably 
many more deposits that have not been recorded. 
Many of the deposits are small, or little is known about 
them, and others are large, but difficult of access. The 
inaccessibility of the more important deposits, together 
with the lack of a market for iron ore on the Pacific 
Coast has retarded the exploration and development of 
these deposits. The iron ore deposits in California are 
so numerous that only a few can be mentioned here. 
In the northern part of the State, on Pitt River, magne- 
tite occurs at the contact between diabase' and lime- 
stone. This ore was used for several years in an experi- 
mental electric furnace at Heroult which was, un- 
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fortunately, unable to produce iron on a commercial 
basis, but during the World War made ferrochrome 
and ferromanganese. The largest deposits are said to 
be those in Madera County, southeast of Yosemite 
Valley, the Minaret and Mount Raymond groups. 
These deposits are of magnetite and specular hematite. 
Magnetite deposits occur at Providence Mountains, 
Cave Canyon, Iron Mountain, Iron King, Iron Age, 
and other places in San Bernardino County, and at 
Eagle Mountain, Riverside County. The hematite 
deposits are not so important but several are found in 
the Sierra Nevada and Coast Range, as are also deposits 
of brown ore derived from the oxidation of pyrite and 
the alteration of magnetite. Brown ore is, in fact, so 
common that it is present in every county in California. 


GEOLOGIC. DISTRIBUTION OF THE IRON ORE DEPOSITS 


As a general review it might be of interest to glance 
again at the map of iron ore deposits and to recall that 
the larger deposits of bedded hematite, including the 





ores of the Lake Superior and the Southern Appalachian 
regions, are in basin areas of sedimentary rocks that 
make an inconspicuous showing 6n the map. The Lake 
Superior deposits have been concentrated into ores of 
greater richness through igneous intrusions and agencies 
of metamorphism and through long weathering than 
the less disturbed beds in the southeastern states. 
Magnetite deposits are generally found in areas of 
metamorphic and igneous rocks. Brown ore and sider- 
ite are generally found in areas of undisturbed, often 
comparatively recent sediments, except where the 
brown ore is an alteration product of veins containing 
iron sulfides or iron carbonates in areas of igneous 
and metamorphic rocks. The majority of the deposits 
of iron ore of all classes, aside from those in the Lake 
Superior, southern Appalachian, and Adirondack re- 
gions, are widely scattered and of limited extent although 
much study is still desirable in order to appraise accu- 
rately the majority of the deposits in the Western 
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States. It is also noteworthy that few iron ore deposits 
have been encountered in the central plains region or in 
large portions of the region covered by glacial drift. 


FOREIGN SUPPLIES OF IRON ORE 


The United States is not at present dependent to an 
important degree upon foreign sources of iron ore. 
Certain eastern seaboard blast furnaces can at present, 
however, utilize foreign ore more advantageously than 
domestic ore. The quantities of ore imported into 
the United States are not large, as compared with do- 
mestic production, having ranged in the last two dec- 
ades between 300,000 tons and 3,140,000 tons annually. 
The foreign ores come from practically every continent, 
but the bulk of the recent imports are from Chile, 
Algeria and Tunisia, Sweden, Norway, Cuba, Spain, 
Newfoundland, Soviet Russia in Europe, Australia, 
Brazil, and Egypt, although the quantities vary con- 
siderably from year to year. The foreign ores come 
principally into the ports of Baltimore, New York, 
Boston, and Philadelphia. Most of these foreign 
countries and others, also, possess large reserves of 
high-grade iron ore which may be drawn upon when the 
domestic ores become too lean for profitable exploita- 
tion. Especially is this true of Brazil, Venezuela, and 
Newfoundland. This will tend to retard the exploita- 
tion of domestic deposits which do not fulfil the condi- 
tions mentioned on page 199 that are essential to the 
development of an iron ore deposit. 


PRODUCTION AND RESERVES OF IRON ORE 


The following statistical summary by H. W. Davis, 
published in ‘‘Mineral Resources of the United States 
for 1930 and 1931” by the U. S. Bureau of Mines, gives 
the quantities of each variety of ore mined in the several 
states during the nearly normal year, 1930, and a year 
of depression, 1931. 

The grand total production of iron ore recorded from 
1810 to 1931, inclusive, is 2,017,035,339 gross tons. 


(Part III on Sources of Ores of the Ferroalloy Metals will appear in the June issue.) 
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IRON ORE MINED IN THE UNITED STATES IN 1930 aNp 1931, By STATES AND 
VARIETIES, IN Gross Tons 


(Exclusive of ore containing 5 per cent. or more of manganese) 








Num- 
State ber of Hematite Brown Magnetite Carbon- Total 
Active Ore ate 
Mines 
1930 
Alabama....... 23 5,151,089 587,389 5,738,478 
Oe 1 | Sementeetaen 923 
Colorado....... 1 32,247 32,247 
Georgia........ 5 ae 52,221 52,221 
Michigan....... 60 13,544,277 13,544,277 
Minnesota..... . 84 34,517,748 fe 34,517,748 
Missouri....... 6 132,434 315 ot 132,749 
New Jersey..... 6 ee, bas 394,639 394,639 
New Mexico.... 2 ae nek 173,432 173,432 
New York...... 5 2 sors 1889405 889,405 
North Carolina. 1 | ae 100 
Pennsylvania... 2 f eds 963,635 1,003 964,638 
Tennessee...... 3 326 27,384 gare ey. 27,710 
EE ere 3 $277,774  %1,344 279,118 
Virginia........ 1 <ies 19,596 19,596 
Wisconsin...... 4 1,321,360 1,321,360 
Wyoming...... 1 320,023 320,023 
208 1.355,265,954 3720,496 12,421,211 1,003 58,408,664 
1931 
Alabama....... 14 3,369,481 245,663 3,615,144 
Colotado....... 1 E 26,202 26,202 
Gooreis......-. 3 a 20,745 20,745 
Michigan....... 55 7,552,581 7,552,581 ° 
Minnesota...... 67 17,445,003 ... 17,445,003 
ee 116 54,139 58,233 Rae 112,372 
New Jersey..... 5 ius acts 293,768 293,768 
New Mexico.... 10 vere eter 168,075 168,075 
New York...... 5 2 * re 2275,075  ... 275,075 
Pennsylvania... 2 elas 367,299 818 368,117 
Tennessee...... 1 er 8,717 tie pied 8,717 
BOS ea 2 183,668 400 eee 184,068 
Washington.... 1 ass ie 1,032 1,032 
Wisconsin...... 3 879,832 Jes 879,832 
Wyoming...... 1 180,771 180,771 
Total, 1931.. 1186 229,665,475 359,960 21,105,249 818 31,131,502 
Total, 1930.... 208 2-355,265,954 °720,496 22,421,211 1,003 58,408,664 





1 In addition, an undetermined number of small pits were worked at 212 
properties in Missouri. The output from these pits is included in the figures 


given. 
2 Some hematite included with magnetite. 
3 Some hematite included with brown ore. 


A rough estimate of the probable reserves of ore of 
present grade in the United States today ranges be- 


tween 5,000,000,000 and 7,500,000,000 gross tons. 
The reserves of low-grade ore are enormously greater. 





To many of us “the halogens” have signified, to all intents and purposes, one of the triads of Débereiner. We were informed 
in our elementary courses that there was a fourth member of the group, “like the others only more so,” and that 

the eka-iodine of Mendeléeff might some day be expected to round out a family of five. 

however, most of us have contented ourselves with rather meager specific knowledge. 


Of fluorine, 
For- 


tunately, however, this element has been the object of effective scientific curiosity. 
In our June number Don M. Yost and John B. Hatcher present a review of its 


chemistry, to which they have made significant contributions. 

















CORROSION, the BILLION- 


DOLLAR THIEF 


IMI. The Testing and Prevention of Corrosion 
FREDERICK A. ROHRMAN 


Michigan College of Mining and Technology, Houghton, Michigan 


This, the concluding article of the series, has for its 
purpose the presentation of the methods for testing and 
preventing cortosion. Most readers are familiar with 
some methods for preventing corrosion although they may 
not be acquainted with all of the methods employed. 
All the practical methods for preventing or reducing cor- 
rosion are outlined and described, from the tars and 
pitches employed by the Romans to the metal spray guns 


+ + 


and complex, organic inhibitors of modern technology. 

The desirability of predetermining the adequacy of 
metals and alloys for definite uses has led to the impor- 
tance of various corrosion tests. The tests, as described, 
may be actual plant tests, field tests, or accelerated tests. 
A number of the latter are discussed in detail. Reasons 
are given for careful test interpretation and conservatism 
in drawing conclusions. 


+. + 


Nature is the noblest engineer, yet uses a grinding economy, working up 
all that 1s wasted today into tomorrow’s creation. 


THE PURPOSE OF CORROSION TESTS 


NE of the great branches of chemical engineering 
is the study and application of metallic or non- 
metallic materials of construction. The diversity 

of artificial and natural sources of corrosion has made an 
important field for the man trained in chemistry, metal- 
lurgy, and engineering, and probably also in economics. 
What sort of steel should be employed for bridge con- 
struction in the humid regions of Ceylon? What metals 
will prove the most satisfactory for pumps and pipe lines 
in Arizona copper mines or Bulgarian oil fields? The 
public has suddenly demanded a new food product 
which requires special chemical treatment; what ma- 
terials will be used for processing this food so as to avoid 
contaminating it with corrosion products? All these 
problems, and many more, must be solved in one way 
or another. 

Metals or non-metals may be employed in a “hit 
or miss’ fashion until a satisfactory material is found, 
or they may be tested under conditions as nearly like 
the actual as possible, or the general resistance of the 
material to certain other corroding media may suggest 
its applicability. The first method carries all the odium 
of a confession of ignorance, yet it is that employed on 
most of our materials of construction, up to this time 
and today also. 

In order to eliminate the waste, confusion, and cost 
of the method just mentioned, so-called “field tests” 
were developed. By this method one could use samples 
of different materials under service conditions for a 
period of days, weeks, or months to observe their be- 
havior. This is a very logical and simp!e.method, but 
because of the time element it too is not altogether 
satisfactory. 


Emerson 


Having a material and knowing its general properties, 
why can one not determine its suitability for a certain 
purpose by means of accelerated tests in very corrosive 
media? In other words, if a material is found to be 
resistant to many acids and salt solutions, why can it not 
be used for a purpose where the corrosion is not likely 
to be so severe? This reasoning has led to a number of 
tests called ‘‘accelerated tests.’’ These latter methods 
immediately found many followers and stimulated 
proponents of other accelerated tests. 


ACCELERATED CORROSION TESTS 
The best known accelerated corrosion tests are: 


Electromotive tests 
Total immersion tests 
Partial immersion tests 
Wet and dry tests 

Salt and acid spray tests 
Color tests 


Electromotive tests, such as those devised by Todt, ** 
attempt to measure the potential and current between 
the sample and solution or between the sample and a 
noble metal, or to make the specimen act as anode 
under a specified potential for a definite time, after 
which the loss in weight is determined. The potential 
relationship will give, of course, the tendency for the 
sample to go into the solution used and under such 
conditions as desired. According to Faraday’s laws, 
the current will be the criterion of the amount of metal 
going into solution (taking into consideration any 
anodic gas evolution). 


58 Topt, Korrosion Metallschutz, 3, 37 (1928); Z. Electro- 
chem., 34, 586 (1928). 


297 











298 


Hadfield and Newbery® obtained satisfactory results 
by means of single potential tests upon steels. Feuer, 
in a similar manner, using brasses and bronzes, obtained 
results which were comparable with those obtained by 
other means. 

The various immersion tests, though probably the 
simplest to perform, are yet the most difficult to inter- 
pret correctly. During a total immersion test the test 
pieces are completely immersed in the corroding medium 
selected. In the partial immersion test, which is of 
wider application, the effect of oxygen at the medium- 
air line can.be noted. This factor is of special impor- 
tance in cases where equipment or material is partially 
submerged in corrosion media. The last of the immer- 
sion tests, the alternate wet and dry test, or the inter- 
mittent test as it is sometimes called, subjects the 
samples alternately to a total immersion and to a dry- 
ing period. 

Before most of the immersion tests, the samples are 
weighed, so that after the test a re-weighing gives a loss 
or gain of the sample. Often it is necessary to remove 
the corrosion products which have formed upon the 
test pieces so as to determine the extent of the corro- 
sion. The loss in weight is generally translated into 
terms of loss per unit area per unit time. Sometimes 
the density of the material is also taken into considera- 
tion, and the depth of penetration per unit time is de- 
termined. Conclusions from these last determinations 
are generally fallacious because corrosion rarely pro- 
ceeds uniformly over the surface. Pits and holes are 
formed by local action, and a specimen which is as- 
signed a corrosion life by this method will almost invari- 
ably fail much sooner. 

Probably as important as the quantitative conclu- 
sions are the qualitative conclusions. The appearance 
of stains, pits, and hydrogen evolution, the color of 
the corroding medium, and the formation of corrosion 
products, all are criteria of the corrosion reaction. 
Sometimes after the test a physical strain will be im- 
posed upon the metal so that any change in physical 
properties can be noted. This test is especially impor- 
tant in cases where strain is likely to be a factor in the 
future use of the material. The extensive researches 
of McAdam of the U. S. Naval Experimental Station 
have been very enlightening on this subject. 

In order to simulate tropical conditions a test called 
the ‘‘alternate hot and dry, cold and wet” test has 
been devised whereby the humidity and the tempera- 
ture are varied between wide limits at regular cycles. 

Probably the most satisfactory accelerated tests are 
the salt and acid spray tests. The samples are sub- 
jected to a fine spray of salt or acid by means of an atom- 
izer. Spray testers vary considerably in design, but 
they all have for their purpose the formation of a fine 
mist which will come into contact with the test pieces. 

The color tests depend upon the production, by the 
corrosion reaction, of chemical changes which can be 





59 HADFIELD AND NEwsERY, Proc. Royal Soc., 93A, 56 (1917). 
60 Fever, Chem. Met., 22, 1197 (1920). 
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detected by qualitative means. Chief among these is 
the ferricyanide or ferroxyl test.* 

The most modern use of this test is upon iron- or steel- 
plated work; paper is dipped in a solution of NaCl and 
ferricyanide and applied to, say, the tin-plated iron. 
Where any porosity is present or the tin has corroded 
to the iron a blue spot will appear, indicating that the 
ferricyanide is reacting with the products of the iron 
corrosion. 


THE VALUE OF ACCELERATED TESTS 


Vernon® in a simple manner summarized corrosion 
testing when he stated, ‘‘Corrodibility is not an intrin- 
sic property of a given metal or alloy; it is to be re- 
garded equally as a function of the particular corroding 
medium; it is also affected by various extraneous 
factors.” Evans® is just as logical when he states— 
“There is nothing essentially unsound in seeking for an 
accelerated test. But the acceleration must be ob- 
tained by intensifying the adverse factors which will 
be present under service conditions, not by introducing 
new factors.’’ That these statements are correct has 
been amply proved by any one familiar with the sub- 
ject. It does not suffice to subject a metal to a medium 
to which it is to become exposed; the many factors 
affecting corrosion, as described in Part Two,* must be 
considered as well. 

At the present time the author is studying the cor- 
rosion of various metals and alloys in hydrochloric 
acid solutions of varying concentration. In all these 
tests oxygen plays a most important rdle, so that all 
attempts are made to obtain the most severe oxygen 
concentration. Once this is done the maximum intensi- 
fied corrosion rate is obtained and the behavior of the 
metal toward hydrochloric acid solutions can be con- 
servatively determined. If the metal were merely 
placed in the HCI solution for a definite period and a 
loss in weight determined, a conclusion might be ob- 
tained which would not necessarily follow under adverse 
conditions of oxygen concentration. Most alloys con- 
taining nickel are extremely sensitive to oxygen con- 
centration. One can easily double and triple the cor- 
rosion rates of these alloys by choosing different oxygen 
concentrations. So, often, iron or steel to be used for 
water pipes or outdoor uses is given an accelerated 
test in an acid or salt medium. The results of these 
tests and of actual use are generally contradictory be- 
cause of the difference in the conditions presented. In 
these tests any oxide film or rust will be affected by the 
solutions, while in the air or water the oxide film may 
be protective to the elements. 

An important error in reporting corrosion tests has 
been stressed by Palmaer.** The corrosion of a metal 





61 WaLKER, J. Ind. Eng. Chem., 1, 295 (1909). 

62 VERNON, “A bibliography of metallic corrosion,’ Arnold & 
Co., London, 1928, p.. 59. 

63 Evans, ‘‘The first report of the corrosion committee,’ Iron 
and Steel Research Council, 1931, p. 56. 

64 ParMAER, ‘“‘The corrosion of metals,’’ Svenska Bokhandels- 
centralen, 1931, vol. II, p. 129. 
* See p. 215f., April J. Cuem. Epuc. 
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generally proceeds slowly at first and then speeds up 
to a maximum (the period of induction). If the test 
is of short duration the maximum corrosion rate may 
not be reached. 

In short, corrosion testing is easy to perform but 
difficult to interpret. All such tests should be reported 
under every factor possible and any adverse factors 
should be intensified so as to give ‘‘conservative’’ esti- 
mates as to the corrodibility of the material in question. 
Tests should run long enough to pass the period of in- 
duction. The qualitative aspects of the test should 
be considered as well as the quantitative aspects. 


‘ CORROSION PREVENTION 


“Save the surface and you save all” has correctly 
become a popular byword. Since corrosion reactions 
take place at the surfaces of metals and alloys the pro- 
tection of the surface is the prime objective in corrosion 
protection. Corrosion may be prevented or retarded 
by the use of the following methods: 


Alloying 

Removal of strains 

Polishing 

Producing insoluble oxide coatings 

Producing insoluble phosphate coatings 

Electroplating 

Covering with metals other than by electro- 
plating 

Covering with non-metallic materials 

Making cathodic with external electromotive 
force 

10. Treatment of corroding medium 

11. Addition of inhibitors to the medium. 


Se: Sh Oo bo 


8. 
9. 


It can be seen that this group arranges itself into factors 
pertaining (1) directly to the metal, (2) to the medium, 
and (3) to external influences. An account of each one 
of these methods could in itself make a thesis; in this 
paper a brief description must suffice. 

1. Alloying.—Not so long ago, the only common al- 
loys were the brasses, bronzes, German silvers, and pew- 
ters. Today an enumeration of the iron alloys alone 
would run up into the hundreds. 

Some of the most important of the corrosion-resisting 
alloys are the so-called “‘stainless’’ steels containing 16- 
20% chromium, 8-12% nickel, 0.05-0.15% carbon, and 
a maximum of 0.05% silicon and manganese. They 
go under diverse names and trade-marks because the 
patents are licensed to more than a score of companies 
all of which market the material under their own names. 
The uses for these alloys are very wide; automobiles, 
kitchen equipment, food processing, and hundreds of 
chemical plants are dependent upon them. The alloys 
of iron containing 12-18% silicon (Duriron, Thermi- 
silid) possess excellent corrosion resistance for chemical 
manufacture. Monel metal, an alloy of approximately 
67% nickel and 28% copper, has found manifold use 
in food-processing equipment and chemital manufac- 
turing. Some of the more unusual alloys are the Has- 
telloys, containing iron, nickel, and molybdenum, 


299 


which are among the only alloys capable of resisting 
hydrochloric acid; nichrome, containing nickel and 
chromium, a heat-resistant as well as corrosion-resist- 
ant alloy; and illium, a very complex alloy, used 
for calorimeter bombs. There are many others too 
numerous to mention. 

Just why a particular alloy possesses such useful 
properties with respect to corrosion-resistance cannot 
be answered in this paper. With one group of alloys 
the resistance may be due to homogeneity, and with 
another to the ability to form impervious oxide films. 
On this phase of the topic many differing theories have 
been advanced. 

2. Removal of Strains.—As mentioned in Part Two, 
strains offer focal points for corrosion reactions. These 
strains can be removed by heat treatment and anneal- 
ing. Many manufacturers are resorting to this pro- 
cedure to improve the corrosion-resistance of their fabri- 
cated materials. 

3. Polishing—Any form of polishing which does 
not produce surface strains should make a metal more 
resistant to corrosion. A smooth surface will possess 
fewer crevices and indentations, which form differential 
oxygen concentration cells. Moreover, a smooth sur- 
face will actually have a smaller surface for the corrod- 
ing medium to contact with than a rough surface. In- 
dustry has taken advantage of this value of polishing, 
until today most of the metal work that one comes in 
contact with possesses a bright finish. 

4. Producing Insoluble Oxide Coatings.—It is per- 
haps fortunate that nature has endowed the more 
anodic metals with oxides which resist solution. Alumi- 
num, chromium, nickel, and others form oxide films 
which tend to protect the underlying metal. 

The ferrous metals have the same inclination, but 
are perhaps more temperamental in this respect. Cor- 
rosion-resistant oxide films can be produced on iron and 
its alloys by natural or artificial means. Some of the 
common methods are to heat the metal at a definite 
temperature and under such conditions as to acquire 
an adherent film of Fe,;0,. The Barff, Bower, and 
Gesner® processes take advantage of this principle. 
The Ruffington process consists in placing the metal 
in a molten mixture of potassitim or sodium nitrate and 
manganese dioxide and then exposing it to the vapors. 
The same oxide is formed as in the other processes 
but the temperature is not so high.*© Metals may 
be treated electrolytically so as to form insoluble 
oxide films. Bengough and Stuart® made aluminum 
and aluminum alloys anodic in a chromic acid bath. 
Fink and Kenney® used the same method in making 
“stainless” steels more resistant to corrosion. 

5. Producing Insoluble Phosphate Coatings.—Fer- 
rous metals can be so treated with phosphoric acid that 
insoluble iron phosphate is formed. This compound 


8 Sano, Electrochem. Met. Ind., 7, 351 (1909). 

66 PoLiittT, “The causes and prevention of corrosion,’’ Ernest 
Benn, Ltd., London, 1924, p. 189. 

87 BENGOUGH AND STUART, see ref. 61, p. 303. 

68 FINK AND KENNEY, Trans. Am. Electrochem. Soc., 60, 235 
(1981). 
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adheres to the iron surface and tends to protect the iron 
from further attack. This is the basis for the Coslett 
and Parker processes, which were mentioned in Part 
Two. The latter process, now known as ‘‘Parkeriza- 
tion,’’ is used on the body-work of many well-known 
automobiles. Not only does the phosphate coating 
protect the underlying metal but it also makes a good 
base for paints and lacquers. 

6. Electroplating.—Almost any metal can be elec- 
troplated with any other metal. A metal may be 
plated with one that is more electropositive or with 
one that is more electronegative. In the former case, 
iron may be plated with tin, silver, and gold, and in 
the latter case with zinc, nickel, and aluminum. 

When a metal is thoroughly covered with a more 
electropositive metal it is protected from corrosion by 
virtue of the noble character of the electropositive 
metal. Examples of this are common silver-plated and 
gold-plated objects. Tungsten, tantalum, and the 
platinum metals are also used for plating less noble 
metals. The great disadvantage of noble metal cover- 
ings becomes evident when the deposit is torn or 
scratched off or when it fails to cover the surface 
properly. Any such condition causes local-action 
currents to be set up, and the underlying metal cor- 
rodes much faster than if it had not been plated at all. 
The elimination of ‘‘pin holes’ due to improper deposi- 
tion is a problem constantly facing the electroplater. 

Tin plate is very satisfactory as a protection for iron 
and other anodic metals. Tin itself is not a noble 
metal, but it forms an oxide film which is very resistant 
to corrosion. Moreover tin is so close to iron in the 
electromotive series that if a break or tear appears, 
local action will not proceed very rapidly (Fe = —0.46, 
Sn = —0.14. Hydrogen overvoltage on Sn = 0.44). 
Cadmium-plated iron is often claimed to be very ef- 
fective because of the low potential between cadmium 
and iron (Cd = —0.40). 

Plating with a less noble metal results in corrosion 
protection by another means. Zinc-plated iron is 
useful because when a break between the two metals 
occurs, only the zinc will corrode, so that at the expense 
of the zinc the iron is protected. Chromium-plated 
ware acts similarly. 

The art of electroplating is complicated by the fact 
that many problems are encountered in making the 
deposits “‘pin-hole’’ proof, adherent, resistant to shock, 
etc. A chromium-plated object does not consist merely 
of a chromium plate; usually it is a chromium plate 
upon a nickel plate which in turn is deposited upon a 
copper plate. The copper plate acts as a soft metal 
cushion, while the nickel plate gives a deposit to which 
the chromium is more adherent. A thorough discus- 
sion of electroplating is given by Blum and Hoga- 
bloom. °° 

7. Metallic Coverings Other Than Electrodeposited.— 
Protective metals may be applied to other metals by 
means other than electrochemical, as by: dipping in 


6° Blum AND HoGaBLoom, “Principles of electroplating and 
electroforming,”’ McGraw-Hill Book Co., New York City. 
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the molten metal, spraying with the molten metal, and 
heating in the presence of metal or metal oxide powders. 

When a clean metal is dipped in a molten bath of an- 
other metal it acquires a coat of metal. If the molten 
metal is zinc the process is known as galvanizing and 
the coated metal is known as galvanized ware. Tin 
may also be applied to metals in a like manner. 

Schoop” was the first to discover the metal-spraying 
process whereby a molten metal is sprayed upon an ob- 
ject so as to cover it uniformly with a thin coating. The 
convenience and ease with which this process lends itself 
to practical work makes it very valuable in industry. 
Zinc is generally the only metal so applied. 

When a metal is heated in the presence of another 
metal there is a tendency toward surface alloy forma- 


tion. This is known to the metallurgist as cementa- 
tion. (It should not be confused with electrochemical 
cementation. See Part One.) When the lower melt- 


ing metal is in the powdered state this tendency for 
surface alloy formation is increased. The use of pow- 
dered zinc to alloy with metals and form a zinc surface 
is known as “‘Sherardizing,’’ after Sherard Cowper- 
Cowles,’! the first to apply this method. 

The same method is used to cover metals with alu- 
minum, and results in better heat resistance. This proc- 
ess, called ‘‘Calorizing,’”’ is used for covering iron, steel, 
nickel, copper, and brass. When a chromium cover 
is obtained it is called “‘Chromizing.’’ Silicon, boron, 
tin, tungsten, molybdenum, tantalum, and many other 
elements have been applied to metals by this process. 

8. Covering with Non-metallic Materials —The most 
ancient and some of the newest means of protecting 
metals involve the use of various organic and inorganic 
covering materials. The early Romans employed 
paints and asphalt for protecting iron work. Some 
of the more recent applications are the use of rubber- 
lined tanks and equipment for handling hydrochloric 
acid, enameled steel work for the preparation of certain 
pharmaceutical products, and various new lacquers 
and paints. 

In this group would also be included glass, oils, tars, 
cements, concretes, etc. Some materials, such as silica 
and bakelite, have such satisfactory physical properties 
that in many chemical operations they are used directly. 

The subject of paints is an interesting one because of 
the difference in behavior of the various kinds that 
are on the market. Paints vary in electrical conduc- 
tivity, impermeability, adherability, elasticity, etc. It 
is poor practice to use a bright red oxide or barium sul- 
fate paint for a primer, because these compounds are 
conductors of electricity and would promote corrosion 
at any breaks or holes. Generally a priming coat con- 
sists of a zinc oxide or of white lead compounds, which 
are poor electrical conductors. Over the first coat of 
paint it is desirable to apply a paint characterized by 
its impermeability and water-shedding ability rather 
than its non-conductivity. 





7 ScHoop, Rev. met., 7, 585 (1910). 
71 CowPER-CowLes, Electrochemist & Metallurgist, 3, 828 
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9. Making Cathodic with External Electromotive 

Forces.—The electromotive forces in a corrosion reac- 
tion are very small, generally in the order of tenths of 
avolt. Through the application of an external electro- 
motive force of a greater magnitude and in the opposite 
direction, anodic elements will naturally become ca- 
thodic, and undesired corrosion can be eliminated. Men- 
tion has already been made of nickel pasteurizing tubes 
which were protected by inserting the less noble alu- 
minum metal strips in the milk. The actual use of 
E.M.F. applied, im situ, during service is sometimes 
resorted to, the ‘‘Cumberland Process’’” being a good 
example. A potential of 6 to 10 volts and of low amper- 
age is forced from iron anodes to the metal to be pro- 
tected. The success of this idea depends upon the 
even distribution of the current to that metal and upon 
the slow rate of anode disintegration. 

10. Treatment of Corroding Medium.—The cor- 
roding medium may be so treated as to change its hy- 
drogen-ion concentration, its conductivity, and its 
oxygen concentration, factors that are of fundamental 
importance in determining the influence which the 
medium shall have upon anodic metals. The hydrogen- 
ion concentration of water, though in the order of only 
10~7 gram ions per liter, is yet sufficient to enable the 
hydrogen to displace many metals. By the addition of 
small amounts of soluble carbonates or hydroxides the 
hydrogen-ion concentration can be forced to such a 
low figure that the resulting hydrogen potential will 
be more basic than most metals; consequently the 
normal corrosion processes will not be able to manifest 
themselves. 

Water almost always contains dissolved gases, of 
which oxygen has the greatest influence upon corrosion. 
The importance of oxygen as a depolarizer and as a 
metal oxidizer has been previously mentioned. Since 
the presence of oxygen is so necessary for most corrosion 
reactions, means have been devised whereby it can be 


72 CUMBERLAND, Trans. Faraday Soc., 11, 277 (1916). 
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removed. These means are called de-activation and 
de-aération. 


De-activation is most often accomplished by allowing 
the water to come in contact with iron or steel scrap 
so that the oxygen will be consumed during the corro- 
sion of this material rather than the pipes or boilers 
later on. Many plants employ this system for remov- 
ing oxygen from water. 

De-aération is the physical method of removing gases 
from water. Since most gases are less soluble in hot 
water than in cold, they can be removed by preheating 
the water in special tanks or holders called de-aérators. 
The solubility of oxygen per 100 g. of H2O is 0.007 g. at 
0°C. and 0.001 g. at 100°C. Although not all the 
oxygen is removed, its influence is nevertheless con- 
siderably decreased. There are a very great number 
of industrial de-aérators, some of which treat millions 
of pounds of water per hour. Combinations of de- 
activators and de-aérators are in use also. 

11. Addition of Inhibitors to the Medium.—The use 
of inhibitors, in a practical way, is of recent origin. 
The addition of certain organic materials to pickling 
baths so as to prevent overpickling is comparatively 
well known.”* There seems to be a very great oppor- 
tunity for research in this branch of corrosion preven- 
tion. Lauer’ has recently completed a vast amount 
of experimental work on the use of various organic 
inhibitors in retarding corrosion. 
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AXI. 


Lhe DISCOVERY of the ELEMENTS. 
SUPPLEMENTARY NOTE 


on the DISCOVERY of PHOSPHORUS’ 


LTHOUGH most accounts of the discovery of 
A phosphorus are based mainly on the writings 
of Kunckel von Léwenstern and record the 
events essentially as they have been described in Part 
II of this series of articles, other early records present 
a somewhat different story. In 1902 Hermann Peters, 
a famous German historian of chemistry and pharmacy, 
made a thorough study of the autograph letters of 
Brand, Krafft, Kunckel, Homberg, G. W. Leibniz, 
and others which are preserved in the Royal Library 
at Hanover, and found that, although the various ac- 
counts differ in many respects, they all agree on one 
point: namely, that phosphorus was originally dis- 
covered by Dr. Hennig Brand of Hamburg. Although 
most historical records present Dr. Brand as an almost 
mythical character and do not even mention his 
Christian name, he emerges from these rare old letters 
as a real human being. 

Gottfried Wilhelm Leibniz (1646-1716) was person- 
ally acquainted with Hennig Brand, corresponded with 
him regularly for at least four years, and wrote a history 
of the discovery of phosphorus. According to this 
great philosopher and mathematician, Brand was living 
in 1677 at the Michaelisplatz in Hamburg, in the newer 
part of the city. His wife, Frau Margaretha Brand, 
was proud of his attainments, and the dates of her 
letters show that she lived to enjoy the honors which 
resulted from his epoch-making discovery. A stepson 
often assisted the doctor in his experiments, and there 
were other children as well. Although Dr. Brand was 
something of a spendthrift and borrower, the family 
must have lived comfortably on their income of 1000 
Reichsthalers a year. Visionary and impractical though 
he was, his skill in chemistry won the respect of his 
contemporaries at a time when iatrochemistry held the 
forefront in medical thought. Ambrose Godfrey 
Hanckwitz once referred to him as ‘‘old honest Brandt 
of Hamburg”’ (15). 

When his alchemical experiments revealed the beauti- 
ful light-giving element, Brand called it cold fire (‘‘kaltes 
Feuer’), or, affectionately, “‘mein Feuer.”’ The lumi- 
nous substance which Kunckel subsequently exhibited 
in Hamburg was “Balduin’s phosphorus,” a phos- 





* Illustrations collected by F. B. Dains of The University of 


Kansas. 
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phorescent form of calcium nitrate which had been 
prepared by distilling a solution of chalk in nitric acid 


(2), (3). Brand’s “‘cold fire’ interested Kunckel greatly 
and, when he wrote about it to his friend, Johann 
Daniel Krafft (or Kraft) of Dresden, the latter also 
came to Hamburg. They visited Brand and suggested 
that they might be able to sell his secret to some royal 
personage for a high price. According to Leibniz, 
both Kunckel and Krafft learned the secret directly © 
from Dr. Brand at that time (1), (4). 

The learned Dr. Krafft soon made the new substance 
known far beyond the walls of Hamburg as he traveled 
to the Netherlands, to England, and even to darkest 
America (‘‘dem mitternadchtlichen Amerika’) (4). In 
an attempt to sell the secret process, he exhibited the 
cold fire in the court of the Great Elector, Friedrich 
Wilhelm of Brandenburg. On April 24, 1676, at nine 
in the evening, all the candles were extinguished while 
Dr. Krafft performed before a large assembly a number 
of experiments with the ‘‘perpetual fire.” However, 
he did not reveal the method by which it had been pre- 
pared. 

In the following spring Dr. Krafft went to the court 
at Hanover, where G. W. Leibniz was serving as li- 
brarian and historian under Duke Johann Friedrich, 
and exhibited two little phials that shone like glow- 
worms. When Leibniz suggested that a large piece 
of phosphorus might give enough light to illumine an 
entire room, Dr. Krafft told him that this would be 
impractical because the process of preparation was 
too difficult (1). One hundred fifty-seven letters from 
Krafft are still preserved in the library at Hanover. 

In July, 1678, Leibniz went to Hamburg and drew 
up a contract between Duke Johann Friedrich and Dr. 
Hennig Brand according to which the latter was to 
correspond regularly with Leibniz and keep him in- 
formed about new developments regarding the ‘‘cold 
fire.’ The Duke’s part of the contract consisted in the 
promise to pay ten thalers a month, with the stipula- 
tion that sixty thalers, or six months’ allowance, would 
be paid in advance for revealing the secret processes 
(‘‘bet Communicirung der Composition und ander berett 
habender Curtositaten’’) (1). 

Shortly after this Dr. J. J. Becher went to Hamburg 
and attempted to engage Brand for the Duke of 
Meckleburg-Giistrow. In this, however, he was inter- 
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cepted by Leibniz, who took Dr. Brand back with him 
to Hanover and advised Duke Johann Friedrich that 
it would be best to keep him at the court or send him 
to the Harz Mountains until the secret processes had 
been tested. Leibniz thought that Dr. Brand would 
be able to prepare a large quantity of phosphorus in 
the mountains and that he might perhaps find the 
philosophers’ stone. Brand did not go to the Harz, 
however, but remained in Hanover for five weeks, pre- 
paring a fresh supply of phosphorus outside the city 
and showing Leibniz the secret process according to the 
agreement. The latter also prepared a quantity of 
phosphorus and sent some of it to the physicist Christian 
Huygens in Paris, who was studying the nature of light 
(1), (5). Thus Leibniz was the fourth person to 
prepare the new element (Brand, Krafft, Kunckel, 
Leibniz) (1). 

Brand, however, was highly dissatisfied with the pay 
he had received, and wrote angry letters to Leibniz 
claiming that it was insufficient for his traveling ex- 
penses and the care of his family at home. Frau 
Margaretha Brand also wrote angrily to Leibniz, and 
her husband berated Krafft for inducing him to place 
confidence in Leibniz instead of in Dr. Becher. He also 


accused Krafft of having received one thousand thalers 
for the phosphorus in England. 

On December 24, 1678, Dr. Krafft sent this letter 
to Leibniz, saying, ‘Since you mention having received 
an angry letter from him [Brand], I am sending you 


mine herewith. You may compare them and see which 
is the prettier’ (1). Nevertheless, Leibniz advised 
the Duke to deal more liberally with Dr. Brand, partly 
out of sympathy, 
and partly to pre- 
vent him from sell- 
ing his secrets to 
others. 

This tactfulness 
calmed Brand’s 
wrath, and in 1679 
he planned another 
trip to Hanover to 
prepare phosphorus 
on a large scale and 
reveal his other 
chemical secrets. A 
weekly salary of ten 
thalers in addition 
to board and travel- 
ing expenses was 
agreed upon, and 
a later letter shows 
that, on this second 
trip, Brand worked 
for Duke Johann 
Friedrich two 
months. The last 
letter‘ from Brand 
in the Hanover li- 
brary is dated Au- 





AMBROSE GopFREY (HANCKWITZ) 
1660-1741 


German chemist and pharmacist 
trained by Robert Boyle. Founder 
of the pharmaceutical firm of Godfrey 
and Cooke in London. The first per- 
son to prepare phosphorus on a com- 
mercial scale and export it to all parts 
of Europe. 


gust 23, 1682, but, 
according to Leib- 
niz, he was still 
living ten years 
later (1), (4). Her- 
mann Peters 
thought that pos- 
sibly other letters 
from Brand may 
still exist in Ham- 
burg or elsewhere. 

Leibniz commu- 
nicated Brand’s 
method of making 
phosphorus to 
Count Ehrenfried 
Walter von Tschirn- 
haus (1651-1708) 
in Paris, and sent 
him a specimen by 
request. When 
Tschirnhaus pub- 
lished the Brand- 
Leibniz recipe in 
the history of the 
Royal Academy, 
Colbert recom- 
mended him for 
membership in the 
French Academy of Sciences, and on July 22, 1682, he 
was elected. According to Dr. Peters, this recipe was 
also published in the fifth edition of Nicolas Lémery’s 
“Cours de Chimie’ in 1683 (1). 

When Krafft went to England, he exhibited phos- 
phorus in the court of King Charles II and showed it to 
the Honorable Robert Boyle (1), (4), (6). The great 
English scientist then prepared it by a slightly different 
method and studied its properties more thoroughly than 
did any other chemist of the seventeenth century (1). 

When Wilhelm Homberg defended Kunckel’s claim 
to the re-discovery of phosphorus after the original secret 
had been lost to the world, Leibniz strove to defend 
the rights of Dr. Brand and stated emphatically that 
the real discoverer of phosphérus was still living long 
after Krafft and Kunckel had made the element known, 
and that he used to complain bitterly about his false 
treatment (1). Although Krafft published his recipe 
in 1679, Brand was still living in 1692 ,and even by 1710 
Leibniz had heard no report of his death. A. Godfrey 
Hanckwitz once paid the following tribute to the great 
Hamburg chemist: 
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GOTTFRIED WILHELM LEIBNIZ 
1646-1716 


German mathematician, philoso- 
pher, historian, and scientist. Inde- 
pendent discoverer of the differential 
calculus. He was personally ac- 
quainted with Brand and Krafft, and 
wrote a detailed account of the dis- 
covery of phosphorus, including bio- 
graphical sketches of Brand, Krafft, 
Kunckel, and Becher. 


... as all things have their period so has also the vitalis lucula 
(scintilla, spark) by approaching age. By (in the case of) this 
urosophus Brandt, it daily lessened and wore off, till at last in 
the midst of his best experiments it e’en quite extinguished. His 
fine stare fire, which through art he produced, remained for his 
memory longer with us than himself . . . . and shined longer than 
his fammula vitae, that in time of his best occupation did turn 
and return to its fiery sphere. His acquaintances and confidents 
would feign (if wishes would have done it) have retarded his de- 
crease to set it farther off .. . (15). 

















AMBROSE GODFREY HANCKWITZ 
1660-1741 


In this portrait by George Vertue (1718), the bust of 


Hanckwitz is shown surrounded by his apparatus. At the 
left are shown the furnace and receiver used in the manu- 
facture of phosphorus. The molten product was removed 
with a ladle to the molds in which it was cast into sticks, 
the entire operation being carried out under water. Flam- 
ing phosphorus and the phoenix, emblem of fire and immor- 
tality, figure prominently in the foreground. 


According to Leibniz, Brand was not secretive, but, 
on the contrary, gave over the process too readily to 
Krafft and Kunckel in return for some little gifts and 
the promise of larger payments (1), (4). When 
Kunckel tried out the process at home, his first attempts 
were unsuccessful. His complaining letters to Brand 
brought him no further information, however, for the 
Hamburg chemist had soon regretted his poor bargain. 
In the meantime Kunckel experimented by a trial and 
error method, and, since he had seen the process and 
was familiar with Brand’s distillation apparatus, he 
finally succeeded in correcting his own mistake. He 
then had the audacity to claim the discovery for him- 
self (1), (4). 

In a letter to Brand written from Wittenberg on June 
25, 1676, Kunckel asked him directly for the details of 
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preparation, suggesting that the recipe might be worded 
so obscurely as to be meaningless to others, and assuring 
him that there would be no danger of any one else open- 
ing the letter. He complained because Brand had 
given some phosphorus to Krafft and the chaplain of 
the Pest House, and begged him to give no more of it 
to any one else. Kunckel modified the Brand process 
a little by adding sand to the urine before distilling. 
In June, 1676, he told his friend, Caspar Kirchmaier, pro- 
fessor of chemistry at Wittenberg, about the new proc- 
ess, and the latter published a paper on it. It is not 
known whether or not Kunckel ever prepared the new 
element on a large scale, but at the end of his history 
of phosphorus he wrote, “However, I am not making 
it any more, for much harm can come of it” (2), (3). 

Dr. Hermann Peters concluded from a study of these 
old letters that Kunckel did not re-discover phosphorus, 
but merely made a little of it by Brand’s method, and 
that, even without Kunckel, phosphorus would have 
remained known to the world through the efforts of 
Krafft, Leibniz, and Boyle (1). 

In his article entitled ‘“The Aerial Noctiluca,’’ Robert 
Boyle mentioned that “‘the experienced chymist Mr. 
Daniel Krafft had, in a visit that he purposely made 
me, shewn me and some of my friends, both his liquid 
and consistent phosphorus...’ In return for some in- 
formation about “uncommon mercuries, . . . he [Krafft], 
in requital, confest to me at parting, that at least the 
principal matter of his phosphorus’s was somewhat that 
belonged to the body of man...” (6), (19). On Sep- 
tember 30, 1680, 
Boyle’s efforts to 
prepare the lumi- 
nous element were 
crowned with suc- 
cess and two weeks 
later he deposited 
his recipe with the 
secretaries of the 
Royal Society, who, 
however, did not 
open it until after 
he had died (7). 

Boyle’s assistant, 
Ambrose Godfrey 
Hanckwitz (1660— 
1741), was there- 
fore able to develop 
the process on a 
commercial scale, 
improve it, and ex- 
port phosphorus to 
European scien- 
tists (8), (9), (17). 
Hanckwitz had 
been brought over 
from Germany at 
an early age by his 
honored master. 
He later built fur- 
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naces and stills in Maiden Lane, and traveled through 
the Netherlands, France, Italy, and Germany. He 
founded a famous pharmaceutical firm in London, and 
so great was his fame that a letter once came to him 
safely from Berlin addressed simply, ‘“‘For Mr. Godfrey, 
famous Chymist in London” (15). He was known in 
England simply by the name Ambrose Godfrey, the 
German surname being reserved for formal occasions. 

The letters which constitute his correspondence 
with Sir Hans Sloane from 1721 to 1733 are still pre- 
served in the British Museum (18), and in 1858 Joseph 
Ince wrote an interesting biographical sketch of Hanck- 
witz based on correspondence, diaries, and notes (15). 
In spite of all his dangerous experiments with phos- 
phorus, this great disciple of Robert Boyle lived to be 
an octogenarian. He died on January 15, 1741, and was 
survived by three sons, Boyle, Ambrose, and John 
Godfrey, all of whom shared their father’s interest in 
science. 

Hanckwitz kept his recipe for phosphorus a pro- 
found secret, and, even in the article which he published 
in 1733, forty or fifty years after leaving Boyle’s labora- 
tory, gave only an obscure description of the process 
(8), (10). The sons evidently adopted the same policy, 
for one of them wrote: 


As to the phosphorus made of urine called Kunckel’s, we have 
it described by the Honourable Mr. Boyle, Mons. Homberg, and 
others. But I shall beg to be excused for not discovering the 
process how I prepare it, or from giving any farther light into 
its production than what was done by my father, before the 
Royal Society, in the year 1733 (16). 


Yet only two years after publishing this obscure and 
indefinite description of the process, the aged Hanckwitz 
allowed Dr. J. H. Hampe, the court physician, to coax 


him into revealing the secret (8). Not many years ago 
Dr. Max Speter of Berlin found this long-lost recipe in 
an unexpected place. In the published correspondence 
of the famous Counselor of Mines, Johann Friedrich 
Henckel of Freiberg (1679-1744), there appears a letter 
from Dr. Hampe written in London on August 29, 1735 
(8), (11). In reply to Henckel’s inquiries regarding 
Hanckwitz and the secret process, Dr. Hampe wrote 
that Boyle’s famous assistant was still living, but so 
forgetful because of advanced age that little could be 
learned from him. Nevertheless, through diligent 
questioning of the old man, he had succeeded in getting 
the essential details of the phosphorus recipe which 
Henckel had requested. Dr. Hampe asked Henckel 
to write him about any difficulties that might arise in 
his attempts to make phosphorus, in order that the 
aged Hanckwitz might be further questioned if neces- 
sary. 

From this letter it appears that “the true key”’ to 
the process, which consisted in distilling a mixture of 
solid and liquid excrement, ‘‘was, above all else, that 
everything be done under water; especially while pour- 
ing it into the molds and while cutting it, enough water 
must always be at hand’ (8), (11). To avoid the 
necessity of re-distillation, or rectification, Hanckwitz 
pressed the phosphorus through leather, being careful 
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to keep it under water. In a second letter written on 
September 9 of the same year, Dr. Hampe gave Henckel 
further information about the process. On November 
15 he asked Henckel not to divulge the secret to any 
one else and suggested that they keep each other in- 
formed about the experiments with phosphorus (8). 
Henckel had learned the details of Kunckel’s method 
of preparing it as early as 1731 from Johann Linck, an 
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JOHANN HeErnricH LINncK* 
1675-1735 


Leipzig apothecary who communicated Kunckel’s method 
of preparing phosphorus to J. F. Henckel. The ‘‘Golden 
Lion” pharmacy was in possession of the Linck family for 
three generations, and their museum of natural history 
and art was known throughout all Germany. 


From Ferchl’s A potheker-Kalender for 1932. 


apothecary in Leipzig. In his letter of May 29, 1731, 
Linck stated that a better method was being used in 
England by Hanckwitz, but that he did not know 
the details (8), (11). 

In 1743 A. S. Marggraf, a student of Henckel, found 
a much better way of preparing this element from urine 
(12), (13), (14) and, since the phosphorus business 
was no longer as profitable as it had been, he promptly 
published the process. As Marggraf himself stated, the 
new method had been suggested by Henckel’s state- 


* Reproduced by courtesy of Mr. Arthur Nemayer, Buch- 
druckerei und Verlag, Mittenwald, Bavaria, Germany. 





506 


ment that, when the ‘‘calx of lead’’ was digested with sal 
ammoniac, potassium carbonate, and old urine, and 
then distilled, a good grade of phosphorus could be 
obtained. According to Mielcke, the microcosmic salt, 
NaNH,HP0,-4H.0, in the urine was converted by heat- 
ing into sodium metaphosphate, NaPO;. In the mean- 
time the potassium carbonate and carbon reduced the 
lead chloride and lead oxychloride to lead, after which 
the carbon and lead reduced the sodium metaphosphate 
to sodium pyrophosphate and phosphorus (12). Dr. 
Speter has also studied the correspondence between 
Marggraf and Henckel regarding this interesting 
method of preparing phosphorus. 


* * * * 


It is a pleasure to acknowledge the kind assistance of 
Dr. Max Speter of Berlin, who graciously contributed 
a number of important references on the early history 


of phosphorus. 
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The SECOND LAW and ENTROPY 


IMT. The Thermodynamic Functions 
R. C. CANTELO 


University of Cincinnati, Cincinnati, Ohio 


The criteria proposed in the previous paper, for reversi- 
ble and irreversible processes, are transformed by simple 
algebra into equations and inequalities which involve 
the thermodynamic functions: the work function and the 
free energy function. 


~+ + + + + 


posed the following criteria: for a _ reversible 
process, the relation 7d.S = dQ; and for an irreversi- 


1 CANTELO, ‘“‘The second law and entropy. II. Irreversible 
processes,”’ J. Cuem. Epuc., 10, 45-6 (Jan., 1933). 


. THE second paper of this series' the writer pro- 


ble one, T7dS = 6g + €. That is, in an irreversible 
change the heat absorbed from the surroundings is less 
than corresponds to the increase in entropy. 

It is the purpose of the present paper to show how 
criteria for natural spontaneous (irreversible) changes 
can be obtained, for isothermal processes, in terms of 
certain derived functions of the entropy, namely, in 
terms of the so-called thermodynamic functions. 

The condition for a natural spontaneous change of 
a system from state A to state B may be written: 
Mo sy Sy 1 
2 7 a ee (1) 
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For an isothermal change, this becomes: 
Q_ = T(Sg — Sa) — To (2) 


Q- is the total quantity of heat absorbed during the 
change in state, and 


Q. = (Us — Ua) + Wi (3) 


(U, — U,) is the increase in the internal energy of the 
system undergoing the irreversible change in state, and 
W+ is the quantity of work given to the surroundings. 
We have, now, the relation: 

(Up — Ua) — T(Sp — Sa) + W, = —To (4) 
or 

(Ug — TS) — (Ua — TSa) + Wi = —To (5) 
The expressions in the brackets are evidently completely 
defined by the variables which determine the states 
Band A. We shall write, therefore, the symbol, A, 
for U — TS. Then, 


(Ag — Aa)r + Wy = 


We saw in the previous paper that o is a positive 
quantity for all real changes. Therefore, equation 
(6) shows that for all real changes 


AAr + Wy, < 0 (7) 


—To (6) 


that is 
—AAr > W, (8) 

The function, U — TS, is called the work function, A. 
A is determined solely by the given state of the system, 
so that when we wish to regard A solely as a property 
of the system, we shall call it the work content. 

The inequality (8) shows that in any natural iso- 
thermal process the work done by the system is less than 
the decrease in work content. 

When the system does work by a change in volume 
against a constant external pressure, the work is equal 
to p(Vs, — V,), and this quantity, p(V,; — V4), de- 
pends solely upon the initial and final states of the 
system. Hence, when the system does mechanical 
work due to a change in volume against a constant 
pressure, and, in addition, does other kinds of work, as 
for example, electrical work, we can write for W+, 
p(V, — V4) + £, where E measures the other kinds 
of work. Then we can write for equation (5), 


(Us — TSs) — (Ua — TSa) + (Va — Va) + E = —To 
or (9) 

(Up —TSp + pVs) — (U4 — TSa + PVa) + E = aan 
The function U — TS + pV is defined solely by the 
variables defining the state of the system, for U, S, V 
are so defined and 7 and #/ are constant quantities. 
This function is called the free energy function, F, and 
when we wish to look upon it as a property of the sys- 
tem, we shall speak of it as the free energy of the system. 


Then 
(Fz = F)r,p -+ E = —Tos (11) 


and for all real changes in a system 


—(AF)r,. > E ; (12) 


The inequality (12) shows that for any natural iso- 
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thermal process the decrease in free energy is greater 
than the work, E, obtained from the process. E = W 
— pAV, where W is the total work done by the system. 
Hence, in any natural process, 


—(AF)r,,) > W — paV (13) 


If the process is one in which the work done is due 
entirely to a change in volume at a constant pressure, 
W = pAV, and 


—(AF)r,, > 0 (14) 


We can evaluate — AA and — AF for any natural 
isothermal process, if we can devise a reversible iso- 
thermal process by means of which we can pass from 
the initial to the final state of the system. For such 
a reversible process, T7dS = dQ, and the quantity To 
vanishes from equation (2). Therefore, for a finite 
reversible process, from (7) and (8), 


AAr + W 0 
—AAr = W Wr 


(15) 
(16) 


This means that the decrease in the work content of 
a system undergoing any reversible isothermal change 
in state is equal to the maximum work done by the 
system in going from its initial to its final state. Since 
— AA, is defined solely by the initial and final states, 
the decrease in work content will always be the same 
for a given change in state, whether the change in 
state be brought about by a reversible path or by an 
irreversible path. 

Similarly, we can write, for a reversible change in 
state, 
(17) 
(18) 


AFry + E = 0 
— AF?,p = E Er 


This means that the decrease in the free energy of a 
system in going from an initial to a final state is always 
equal to the reversible work done by the system during 
the change in state, other than the work due to a volume 
change against a constant pressure. Thus, 


—AFrp = Wr — paV (19) 


or 
—AAr — pAV 


— AF?,p = (20) 


If the work done by the system be entirely reversible 
mechanical work at constant pressure, 


—AAr = Wr = pAV, whence 


—AFr,,» = 0 (21) 


Since — AF;,,, is defined solely by the initial and final 
states, the decrease in the free energy of a system under- 
going a change in state will always be the same for the 
given change in state, whether the change in state be 
brought about by a reversible path or by an irreversible 
path. 

Even for a process in which no work whatsoever is 
done, — AA, and — AF;,, have exactly the same values 
as they have when the change in state is brought about 
reversibly. This is because A and F are determined 
exactly by the variables, (Xi, X2, ...X,), and (Xi, X2, 
...X,)2, Which define the initial and final states of the 
system. 





MOLECULAR and ATOMIC WEIGHTS 


F. E. BROWN 


Iowa State College, Ames, Iowa 


is often omitted from textbooks for beginners in 
chemistry and, when discussed, is usually treated 
as though the process were totally different from the 
determination of any other weight. A widely used text 
says: “It must always be remembered that the atomic 
weights are relative weights. That is, the atomic 
weight of copper is 63.57, not 63.57 grams or any other 
actual weight, but 63.57 as long as 16 is accepted as 
the standard atomic weight of oxygen.’’ Almost all 
authors of chemistry texts stress the statement that 
molecular and atomic weights are relative weights made 
in terms of an arbitrarily chosen standard, thus im- 
plying that other weights are actual, real, or abso- 
lute weights made in terms of a unit. 
All such statements are misleading and many of 
them are absolutely false. The only possible signifi- 


r YHE determination of molecular and atomic weights 


cance of the term relative weights is that the bodies 
considered are all weighed in terms of the same unit. 
All weights are actual and real if they are weights at 
An absolute weight is one made in terms of a 


all. 
fundamental unit. The weights of molecules and 
atoms are: (a) relative, 7.e., they are all evaluated in 
terms of the unit, one-sixteenth the weight of the oxy- 
gen atom; (b) real and actual (The total mass of the 
universe is only the sum of the weights of the atoms 
which are grouped in molecules and constitute all 
matter.); and (c) absolute (They are weighed in 
terms of a unit more fundamental than the pound, the 
grain or even the gram, and their weights might be con- 
verted to and expressed in any other unit of mass or 
weight.). The choice of the unit for weighing atoms 
and molecules was the result of more consideration, is 
better suited to its purpose, and is less arbitrary than 
any other one of the more than 200 units of weight or 
mass listed in ‘International Critical Tables.” One- 
sixteenth of the weight of an oxygen atom is a unit 
and should not be referred to as a standard unless all 
other units are included in a discussion of units and 
standards. This discussion should be carefully dif- 
ferentiated from the discussion of the process for find- 
ing molecular and atomic weights; for it has no more 
relevancy here than it has when one discusses the 
weighing of gold or hay. 

The unit used in expressing the weights of molecules 
and atoms is called a standard and denied a place with 
the other fundamental units by nearly all authors of 
texts in general chemistry, though it is the only unit 
used for this purpose by any person in any country, 
while every weight labeled by them as real, actual, or 
absolute is expressed by means of a unit which might be 
changed by crossing a political boundary line. 


There have always been three steps in determining 
and recording a weight: (1) choosing a suitable unit; 
(2) comparing the weight of the body to that of the 
unit directly, or, more frequently, indirectly; (3) 
recording the ratio, weight of body to weight of unit. 
Since the weighing of molecules and atoms involves an 
indirect comparison, the process can be explained more 
clearly by separating it further. 

The steps are: 


1. The unit one-sixteenth the weight of the oxygen 
atom has been chosen. 
2. The oxygen atom weighs sixteen units. 

It would be a great advantage to teachers of chemistry, 
if they would adopt a name for this unit. Microcrith was 
suggested when the weight of an atom of hydrogen was 
the unit and it appears amongst the added words at the 
foot of the page in a Webster’s Unabridged Dictionary. 
Shortened to ‘“‘mic’”’ it is used by a small group yet. ‘Stas’ 
has been suggested as a name for this unit. Schlesinger, 
“General Chemistry,’’ Longman’s Green & Co., 1930, p. 60. 


The oxygen molecule contains two atoms and 
weighs thirty-two units. 
Thirty-two grams of oxygen fill 22.4 liters. Then 
a 22.4-liter volume of oxygen contains the number 
of molecules which weigh as many grams as one 
molecule weighs in atomic weight units. 
This number of molecules for any other gas is 
found by measuring out 22.4 liters of that gas at 
standard conditions. Or, the weight of a single 
molecule of any gas is as many atomic weight units 
as there are grams in 22.4 liters of it in the gaseous 
state at standard conditions. The essential re- 
quirement is the securing of the right number of 
molecules—Avogadro’s number. Avogadro’s num- 
ber may be counted out not only by measuring 22.4 
liters of gas but also by rise of boiling point, lower- 
ing of freezing point, or osmotic pressure. 
An appropriate analysis determines the composition 
of any substance. The percentage composition of 
each molecule is the same as that of an aggrega- 
tion of these molecules. 
The weight of a molecule multiplied by the fraction 
by weight of an element present gives the weight 
of that element in that molecule. 
All amounts of an element in molecules are integral 
multiples of the atomic weight of that element. 
Then, the greatest common divisor of the weights 
of an element found in the molecules which con- 
tain it is probably its atomic weight. 

The idea used in steps 4 and 5 is the only difficult idea 


used in the process. It depends on the relationship 
existing between the gram and the atomic weight unit. 
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Avogadro’s number, 6.062 X 10”, is not primarily the 
number of molecules in a mol, but more fundamentally 
it is the ratio of a gram to an atomic weight unit. As 
soon as the atomic weight unit was chosen equal to 
1/6.062 X 10?* gram it was inevitable that 6.062 X 
10? particles of any kind should constitute a mol. 
Analogies are common. A group of 2000 similar ob- 
jects weighs exactly as many tons as a single object 


509 


weighs pounds. The weight in grams of a single ob- 
ject can be determined to one part in a thousand with- 
out calculation by weighing 454 of these objects in 
pounds. Any group of similar objects will weigh as 
many units of a larger magnitude as each individual of 
that group weighs in units of a smaller magnitude, when 
and only when the number of individuals is the same 
as the ratio of the larger unit to smaller unit. 





SULFUR EXTRACTION 
WORKING MODEL 


ELBERT C. WEAVER 


Bulkeley High School, Hartford, Connecticut 


HE demonstration model apparatus of the Frasch 
process described by Lebowitz! uses yellowed paraf- 


fin to simulate sulfur. A working model of this 
process using sulfur instead of paraffin presents more 
problems and is consequently of greater value to the 
constructor. 
value in visualizing the apparatus. 

Such a model has been constructed and put in suc- 
cessful operation as a pupil undertaking. More 
physical than chemical problems were solved before 
completion of the project, but this was undoubtedly 
of practical value. 


CONSTRUCTION AND OPERATION 


The sulfur well was made from a cylindrical tin can 
51/2” in diameter and 6” high which has a ‘“‘press-on’”’ 
lid. The inside of the can was lined with cement, 
leaving a conical cavity. Powdered sulfur was placed 
in the cavity. 

The cover of the can was cut to accommodate a piece 
of 21/.” iron pipe about 8” long, a 31/2” length of which 
was below the cover. Inside this pipe extended 
another iron pipe 11/2” in diameter and 9” long, and 
inside both a %/s” pipe projecting above the others. 
The two outer pipes were capped with solder, and the 
outside pipe soldered to the cover of the can. Through 
the ‘solder capping on the outside pipe a */s” copper 
tube extended. This tube was bent into a coil, and 
the outer end was connected with a Pyrex steam 


1S. H. Lesowitz, “A demonstration working model of the 
Frasch process for mining sulfur,” J. Cem. Epuc., 8, 1630-3 
(Aug., 1931). 


At the same time it has high instructive ° 


generator such as is used in physics laboratories. 
The old type copper boiler and a Florence flask steam 
generator with a long safety tube were both tried 
without success. Another */s” iron pipe for delivery 
of the sulfur projected through the solder cap of the 
11/2” intermediate pipe. The steam was superheated 
by Bunsen burners under the coil in the copper tube 





and became hot enough to scorch paper readily. 
Gentle air pressure was supplied through the central 
pipe, but this was found to be unnecessary in a model 
of this size. The lower part of the model was well 
insulated. 

After about a half hour’s operation, the temperature 
became sufficiently high to melt the sulfur. The liquid 
was readily carried along by the steam and spurted 
out of the delivery pipe at the mouth of which it was 
caught on a piece of paper. 











UNDAY night found many chemists already on the 
S ground and the headquarters hotel (The Willard) 
refusing further registrations in favor of neighbor- 
ing hostelries. The A. C. S. registration room was 
prepared to deal with early 
breakfasters on Monday 
morning. First-comers 
free from committee and 
Council responsibilities 
found comfortable loca- 
tions in the registration 
room itself, along ‘‘Pea- 
cock Alley,” and in the 
lobby in the assurance that 
acquaintances must sooner 
or later pass within their 
ken. Later arrivals grad- 
ually filled available stand- 
ing room and passage- 
ways. By noon scarcely 
any one could have experi- 
enced difficulty in sighting 
familiar faces. Only those 
who sought a particular needle in the haystack or who 
tried to make good point-to-point time through the 
throng suffered inconvenience. 
The minutes of the Executive Committee of the 
Division, which met on Monday morning, follow. 





Ind. Eng. Chem. 
ARTHUR B. LAMB 


President of the A.C.S. 


MINUTES OF THE EXECUTIVE COMMITTEE MEETING OF THE 
DIVISION OF CHEMICAL EDUCATION, WASHINGTON, D.C., 
MARCH 27, 1933 


Present: Lyman C. Newell, Norris W. Rakestraw, L. W. Mat- 
tern, O. L. Shinn, Miss Virginia Bartow. 
The following report of the treasurer was accepted: 


The First National Bank of Champaign, Illinois, reopened after 
reorganization. The Division waived 40% of its account. This 
amount is $260.27. 





September 1, 1982 Cash in bank available $290.41 
Receipts Bank stock 100.00 
First Assessment 464.00 
Second Assessment 82.00 
M. V. McGill (refund from Com- 
mittee on Visual Aids) 21.00 
Total 957.41 
Expenditures Reimbursement to Mr. Buffum 175.00 
Denver Meeting, C. F. L. Mohr 15.57 
Com. on Chemistry Clubs, P. G. B. 
Mack 29.96 
To Mr. Buffum from Division for loan 150.13 
R. Collier, Jr., Denver entertain- 
ment 25.79 
Com. on Teaching Load, J. E. Mills 2.22 
R. A. Baker, office expenses 110.00 
Mojac Press, letter heads 3.75 


Photograph, Denver 7.25 





N. W. Rakestraw, office supplies 25.00 
L. C. Newell, office supplies 24.04 
568.71 
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Cash in bank March 20, 1933 384.36 

Checks returned for bank holiday 4.00 

Tax on checks 34 

388.70 

Receipts less Expenditures 388.70 


Attention was called to the fact that the bank certifi- 
cate of the 40% of the Division’s account in the First 
National Bank of Champaign, Illinois, which has been 
held up, due to closing of the bank, has been deposited 
in Dr. Bartow’s safe-deposit box. The treasurer re- 
ported 277 responses to the recent assessment. 

It was voted that regular annual dues of one dollar 
be requested of active members, beginning with the year 
1933-34, and that an amendment to Article III, Sec- 
tion 5 of the Constitution be framed to provide for 
this. It was also voted that dues for associate members 
be set at one dollar a year, that such membership be 
made independent of the subscription to the JOURNAL 
OF CHEMICAL EpUCATION, and that the Constitution 
be amended in such a way as to be consistent with these 
provisions, 

It was voted that the treasurer be authorized to pay 
the expenses incurred in the transfer of the JouRNAL 
OF CHEMICAL EpucATION to the Division, as per bills 
submitted by the chairman. 

It was voted that the chairman be given authority 
to adjust the final bill of R. A. Baker in connection 
with the transfer of the office of the secretary of the 


- Division. 


It was voted that changes in the Constitution and 
By-laws necessary for the future operation of the Divi- 
sion be prepared by the chairman and secretary and 
submitted to the Executive Committee by letter ballot. 

It was voted that the chairman appoint an auditor for 
the treasurer's report at the next annual meeting. 
Adjournment. 


Norris W. RAKESTRAW, Secretary 


Lunch-time relieved the congestion (or did it?) and 
by 2.30 a considerable portion of the crowd had con- 
vened in the ballroom for the general meeting. Here it 
was the unofficial report that 1400 chemists had already 
registered. 

At the general meeting the relations of chemistry to 
the state, to the individual, to industries other than 
chemical, and to other sciences were discussed by Harry 
L. Derby (American Cyanamid Co.), Charles F. Ket- 
tering (General Motors Corp.), C. M. A. Stine (E. I. 
du Pont de Nemours & Co., Inc.), and Hugh S. Taylor 
(Princeton University), respectively. 


Late reservations for the informal subscription dinner 
on Monday evening necessitated some last-minute re- 
arrangement of tables but with no damage to the good 
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spirits of the crowd, which even withstood the inevi- 
table flashlight photograph in confidence of better things 
to come—a confidence which, incidentally, was com- 
pletely justified. 

The Society had the good fortune of entertaining as 
its guest of honor its 
sole surviving charter 
member, Dr. Charles 
E. Munroe. After 
dinner Dr. Arthur B. 
Lamb, president of the 
Society, briefly re- 
counted Dr. Munroe’s 
achievements and, in 
token of the Society’s 
esteem and its gratifi- 
cation in Dr. Munroe’s 
presence, presented 
him with a jeweled em- 
blemof the Society and 
an envelope of ‘gold 
certificates.” Dr. 
Munroe was visibly 
moved by this gift and 
by the whole-hearted 
acclaim accorded him 
when the assembled 
chemists—many of them his former pupils and asso- 
ciates—rose to their feet. 

After-dinner entertainment was provided by the 
Washington Evening Star cartoonist, Clifford K. Berry- 
man. Mr. Berryman began his crayon-illustrated talk 
by sketching Dr. Munroe and presenting the drawing 
to his model. A series of cartoons and anecdotes of 
‘Presidents I Have Known’ followed, ranging from 
Grover Cleveland to Franklin D. Roosevelt. 

Dancing rounded out the evening’s activities. 


The Chemist 
CHARLES E. MUNROE 


The programs of the Divisions of History of Chem- 
istry and of Chemical Education had been arranged to 
avoid conflict. Tuesday morning was devoted to 
history and began, appropriately enough, with the 
reading of three papers relating to Priestley. The com- 
plete program is available in the News Edition of Indus- 
trial and Engineering Chemistry for March 20th. The 
majority of the papers presented will appear in later 
numbers of THIS JOURNAL. 

Incidentally the Division of History of Chemistry 
had arranged at the Library of Congress, under the di- 
rection of Dr. C. A. Browne, a splendid exhibit of 
Priestley memorabilia which was on view throughout 
the convention week. A more extensive account of 
this exhibit and of other historical material displayed 
with it is to be found in the News Edition of Industrial 
and Engineering Chemistry for March 10th. 


‘ 
The activities of the Division of Chemical Education 
which began on Tuesday afternoon are outlined in the 


511 


Secretary’s report which follows. Texts of papers pre- 
sented and reports of committees will appear later. 


REPORT OF THE SECRETARY OF THE DIVISION OF CHEMI- 
CAL EDUCATION OF THE AMERICAN CHEMICAL SOCIETY 


The eighty-fifth meeting of the American Chemical 
Society in Washington was one of the largest meetings 
on record, and the Division of Chemical Education 
shared in the general success of the occasion. The 
program for the Division was not unusually long, but 
certain features of it, at least, proved more than ordi- 
narily popular. This applied particularly to the sym- 
posium on ‘‘Recent Developments in Various Chemical 
Industries’ (Tuesday afternoon) at which Drs. Esselen, 
Hale, Egloff, and Vail told of the latest advances in the 
fields of cellulose, organic chemicals, petroleum, and 
silicates. The attendance at this symposium reached 
a peak of three hundred and many favorable comments 
were heard. The success of this feature will doubtless 
lead to the arrangement of similar symposia in the 
future. 

The symposium on “Laboratory Notebooks, Re- 
cords, and Reports” brought out considerable comment 
and discussion, occupying nearly all of one half-day 
session (Wednesday morning). The problem of stu- 
dent notebooks and reports was discussed by W. Seger- 
blom and B. S. Hopkins from the standpoints of the 
secondary school and college, respectively. R. A. 
Baker summarized the results of a questionnaire from 
directors of industrial laboratories, showing the general 
opinion and practice existing in such laboratories. 
Dr. R. E. Rose concluded the formal discussion by ex- 
plaining the practice and methods followed in the du 
Pont laboratories in the keeping of records. The gen- 
eral discussion which followed these four papers oc- 
cupied a considerable time. The attendance during 
this session varied from fifty to one hundred. 


Norris W. RAKESTRAW Lyman C, NEWELL 


Secretary Chairman 


The usual Division luncheon was attended by about 
seventy-five members and guests. Dr. Arthur B. 
Lamb, president of the Society, was the principal 
speaker, followed by Mr. Harvey F. Mack, Dr. Otto 
Reinmuth, and the secretary. The last three speakers 
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took occasion to explain the activities of the JOURNAL 
and the Division as they have been modified by the 
situation during the last few months. 

The afternoon program of the Division took place as 
scheduled [J. CHEM. Epuc., 10, 214 (Apr., 1933)], 
with the addition of a paper by C. W. Stillwell on 
“Crystal Chemistry in the Freshman Course.”’ 

A meeting of the editors of the JOURNAL OF CHEMI- 
CAL EpucaTION was held on Wednesday evening at 
which many fruitful comments and suggestions were ob- 
tained for the improvement of the JOURNAL. The 
meeting was attended by Otto Reinmuth, Editor; 
Harvey F. Mack and A. L. Savage of the business staff 
of the JOURNAL; Lyman C. Newell, Boston Univer- 
sity; N. W. Rakestraw, Brown University; B. C. 
Hendricks, University of Nebraska; Nicholas Dietz, 
Jr., University of Pittsburgh; H. N. Holmes, Oberlin 
College; F. E. Clark, West Virginia University; 
Wilhelm Segerblom, Phillips Exeter Academy; A. L. 
Elder, Syracuse University; F. B. Dains, University 
of Kansas; Tenney L. Davis, Massachusetts Institute 
of Technology. The business manager reported better 
progress than had been anticipated, even in the face 
of adverse conditions. There is more than a hopeful 
prospect that the JOURNAL will eventually be a finan- 
cial success, and all present were encouraged to in- 
creased efforts in order to make it a distinct asset to 
the Division. 

N. W. RaAKESTRAW, Secretary 


Wednesday evening found most of the visiting chem- 
ists and their guests assembled at Constitution Hall to 
hear the address of Dr. Irving Langmuir on “Surface 
Chemistry” and to listen to the concert of the Na- 
tional Symphony Orchestra under the direction of 
Hans Kindler. 


On Thursday the Division of Chemical Education 
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members were free to visit meetings of other Divisions, 
to join various inspection trips to governmental and 
other laboratories, or to do independent sight-seeing. 
So far as we have been able to learn none of them took 
any prizes at the afternoon Golf Tournament. 


Following Mark Twain’s example we made the Edge- 
wood Arsenal trip by proxy. Dr. M. M. Haring of the 
University of Maryland kindly furnishes us with the 
following notes. 


As nearly as I can estimate there were between 600 and 800 who 
went to Edgewood Arsenal. Many of them drove up rather than 
take the train. A gentle rain fell most of the day but did not ap- 
preciably dampen the spirit of the crowd. The day was opened 
officially with the firing of a 13-gun salute for a major general . 
who graced the crowd with his presence. The morning was 
spent in inspection of laboratories and shops. More specifically, 
we visited first the gas-mask laboratory and then, in order, the 
phosphorus plant, the physical laboratory, the museum, the 
phosgene plant, the CO plant, the chlorine plant, and the gas- 
mask plant. The latter is the only one that appeared to be work- 
ing. 

A cafeteria box luncheon was served in the brine house of the 
chlorine plant. The arsenal furnished coffee and music. Among 
other selections the band played “I Dreamt I Dwelt in Marble 
Halls’ in a building the temperature and general appearance of 
which suggested a run-down refrigerator. After luncheon the 
women and children were transported to the demonstration field. 
Able-bodied individuals tramped through the mud. The demon- 
strations consisted of the following: 


Laying a smoke barrage with hand grenades. 

Firing of 4” chemical mortar (smoke). 

Firing of 4.2” chemical mortar (smoke). 

Firing of Liven’s projector (smoke). 

Firing of 4.2” chemical mortar from a truck. 

Laying of smoke screen by truck. 

Laying of smoke screen by tank, 

Laying of smoke screen by three airplanes (very spectacular). 
Laying of tear gas barrage with hand grenades. 


The group was welcomed to the Arsenal by the Commandant 
and a brief lecture accompanied each item of the demonstration. 
An excellent portable loud speaker was used. 





SUBSTITUTE for EQUIV A- 
LENT WEIGHT 


CHARLES N. OTT 


Central Teachers’ College, Edmond, Oklahoma 


ig OUR explanation of the meaning of the term 
“equivalent weight’’ to classes in beginning chem- 
istry we have found it helpful to separate the word 
“equivalent” into two parts, making it ‘‘equi-valent,”’ 
and indicating thereby that such weights of elements 
or compounds have equal combining power. We 
commonly instruct students that equivalent weight 
may be readily calculated by dividing the molecular 


or atomic weight of the molecule or atom by the active 
valence. It follows from this that a convenient and 
readily understandable substitute for ‘“‘equivalent 
weight” is ‘‘uni-valent weight,” 7. e., that weight of an 
element or compound which might be considered to 
have a valence of one. We are interested to know 
what other teachers and the writers of textbooks think 
of the idea. 





MATHEMATICAL PROBLEM PAGE 


PROBLEMS 11-15 


OLUTIONS of the following problems will be 
given in the next issue. 


How many grams of mercuric oxide are required 
to produce sufficient oxygen to oxidize 10 g. of 
aluminum? 

The equilibrium constant, K, for the reaction 
H; + I, = 2HI is given by the expression 


4x? 
(a — x) (b — x) 


where a and 0 represent the initial concentrations 
of hydrogen and iodine and 2x represents the con- 
centration of hydriodic acid formed at equilibrium. 
What is the value of x in terms of a, 0, and K? 
A rotation of +0.235° was obtained when 0.200 g. 
of a certain optically active material was dissolved 
in 20 cc. of chloroform and placed in a tube 20 
cm. long. What is the specific rotation? (The 
measurement was made at 20°C. with yellow 
sodium light corresponding to the D line.) [J. 
Am. Chem. Soc., 55, 709 (1933). ] 
The influence of temperature, 7, on a chemical 
equilibrium constant, K,, is given by the relation 

dinK, _ AH 

dT RT? 


K= 


where AH is the heat of reaction and R is the gas 

constant. 

(a) Solve for In K, when AH is a constant. 

(b) Show how to solve for AH when K, is known 
at two different temperatures. 

(c) Solve for In K, when AH = AH, + aT + 
bT? + cT*, where a, 6, c, and AH) are con- 
stants. 

Given the following data for the viscosities, 7, 

of dilute solutions of ammonium chloride at dif- 

ferent concentrations, c [J. Am. Chem. Soc., 55, 

636 (1933) ], 

c 0.0 0.02 0.2 
n 1.0 1.00051 0.99968 
determine the constants A and B in the equation 

n = 1+ AvVc + Be by the method of difference 

quotients described by DeVries in J. CHEM. Epuc., 

9, 2090 (1932). 


SOLUTIONS OF PROBLEMS 1-10 


[J. Cem. Epuc., 10, 249 (1933) ] 


(a) Volume of water = 100,000? X 2.54 = (105)? X 2.54 = 
2.54 X 10% cc. 


2.54 X 10% _ = 
eae oe 5.08 X 10" drops. 


(b) 2.54 X 10! X 2.20 
1000 X 2000 


10 
(c) 2:54 xe X 6.06 X 10% = 8.56 X 10% molecules. 


= 27,940 tons. 
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4. 


_ {2X 12+1 XK 2?\3/2 6\3/2 as 
wee) a ie 
2.83; or, log w = 3/2 log 2 = 3/2 X 0.3010 = 0.4515. 
w = antilog 0.4515 = 2.83. 

10-47 = x. x = antilog (—4.7) = antilog 5.3 = 2 xX 
10-5 = 0.000020; or, x = = 2.0 X 
10-5, 

(a) Wave-length = 





1 
antilog 4.7. 5 X 1074 


1 1 


—————_ = —— = 2.329 

wave number 42,940 

10-5 cm. 

(b) 1A.U. = 10-§cm. 2.329 XK 10->cm. = 2329 A.U. 

(c) 1 mz = 10° mm. = 10-7 cm. 2.3829 X 10->cm. = 
232.9 mu. 


(d) frequency = wioey 


wave-length 
= 1.288 X 10" per sec. 
(e) € (energy of quantum) = / (Planck’s constant) X 
v (frequency) = (6.547 X 10-7 erg-second) X (1.288 X 
10% sec!) = 8.434 X 107!2 erg. 
mca 2 3.88 — 2.32 


(a) She, 6: ie Te SC 
1.56 X 105 


17.5 = 8920. 


(b) EZ = 2.303 X 1.987 X 8920 = 40,900 calories. (The 
value 41,500 was obtained from the original graph. 
The use of the small printed graph is less accurate.) 

41,500 


0.0022 = se 1.987 X 573 


_ 3 X 10" cm. per sec. 
2.329 X 10-5 cm. 








k= se~2/RT, = se~%.4 = 5 x 
= 36.4 
2.303 
10 = s X 10-8, 


s= eaneee = 0.00220 X 6.3 X 1045 = 1.39 X 1018. 

(The averaged value given in the reference is 1.4 X 10%.) 
e 41,500 

= 14x 108 x ¢ " *° 14 x 1018 x 10-181 

1.4 X 107%! = 14 X 8 X 1074 = 0.00112. 

Table II of the reference gives experimental values of 

(1.11, 1.08, and 1.11) X 107%. 


k se~E/RT, Ink = Ins +(~ gp) Ine=Ins — 


_ 41,500 
1.987T 


k 


a 41,500. 
This form of the logarithmic equation is preferred because 
it gives at a glance the energy of activation, E. For com- 
putational purposes it may be simplified to give 
9069, 


n log V = log 9 + log K. 


k 12 xX 10° Xe 


V. = Ko. 
log V = - log 8 + , log K (equation for straight line). 


slope = -. intercept = * tog K. n= ioe 
intercept, 
slope 
(AV)?*r ? 
«= (4r + AB + Br)? 
dw _ 


dr 


K = antilog 





(Ar + AB + Br)?(AV)? — (AV)* [2(A + B) (Ar + AB + Br) 





(Ar + AB + Br)! 
2A + B)w 


(AV)? ; 
(Ar + AB + Br) 


™ (Ar + AB + Br)? 








CORRESPONDENCE 


MATHEMATICAL PROBLEM PAGE 


To the Editor 
DEAR SIR: 

Let me be one of the first to applaud the new Mathe- 
matical Problem Page. It will do much to stimulate 
actual work in mathematical problems, and that is 
much needed. That there is latent interest in mathe- 
matical subjects was forcibly illustrated at the In- 
dianapolis meeting of the American Chemical Society, 
when it was necessary to hold a symposium on ‘‘Mathe- 
matics in the Service of Chemistry”’ in a large ballroom. 
The writer attended that symposium and could not 
help wondering what percentage of the large audience 
could really follow Dushman, Urey, and others in 
their expositions of the new quantum mechanics. 
There is something about mathematics that has a 
mystic appeal, that suggests enormous intellectual 
power (witness the popular worship of Einstein), and 
this interest should be brought to earth and made to 
work. Your new page will do much toward that end, 
and will incidentally furnish chemists with a profitable 
pastime—a good substitute for jig-saw puzzles. 

I should like to offer a suggestion regarding the 
problems that are to be presented. It does not seem 
to me that the current selection will do much to teach 
the wninitiated the usefulness of mathematics in 
chemistry, and that should be a chief purpose of the 
page. For the simpler problems, I suggest that ex- 
amples more definitely chemical should be given 
As an example, I give one below, quoted from Hitch- 
cock and Robinson’s ‘Differential Equations in Ap- 
plied Chemistry,” p. 16: 

The air in a recently used classroom 30’ X 30’ X 12’ tested 

0.12% by volume of CO.. How many cubic feet of fresh air 
must be admitted per minute in order that ten minutes later 
it shall contain not over 0.06%? (Fresh air contains 0.04% 
CO,.) Assume immediate mixing of fresh with stale air. 
(Answer: 1500 cu. ft. approx.) 
It might be well, in such a problem, to give a hint 
as to the type of differential equation that should be 
set up. This would prevent giving up the problem in 
discouragement and would also suggest how certain 
mathematical methods could be applied to very prac- 
tical problems. If it be objected that such problems 
can be found in the books, I reply that the Mathe- 
matical Problem Page exists to interest those not 
inclined to hunt up the books or not possessing the 
knowledge as to where to hunt. 

I do not know whether the article on ‘“‘The Solu- 
bility Law,” p. 234, was a part of your mathematical 
program, but to me it illustrated a type of article 
that is very much needed. It explains in simple 
language the development of an important principle 
and the application of the necessary mathematics. 
Many somewhat mathematical developments in our 
science are unappreciated by many because of their 


highly specialized character, and because they are 
recorded in journals and monographs not read by the 
rank and file of chemists. Articles calling attention 
to these developments and explaining them in readable 
language would be most helpful in your JOURNAL. 
One of the best articles of this type that I have read 
is that on “Cosmic Rays” by Stern in your January 
issue. It tells just what the layman wants to know— 
what experiments have been made and by whom, what 
the significance of each is, and how the subject stands 
to date. For further good examples of what can be 
done. in this way, I refer you to what our neighbors, 
the physicists, are giving in the ‘Physics Forum’ of 
the new Review of Scientific Instruments. In fact, I 
believe that your JOURNAL is in many respects the 
chemical counterpart of that Review, and might well 
consciously perform some of the same functions. 


2330-A S. Compron Ave. Very truly yours, 
Sr. Louis, Missouri STANLEY C. MouLTON 





THE DISCOVERY OF THE ELEMENTS. 
XX. CORRECTIONS 


To the Editor 


DEaR Sir: 

Mr. F. D. Martin of Purdue University has kindly 
pointed out an error which appeared in Part XX of 
the series of articles on ‘“The Discovery of the Elements’’ 
[J. Cem. Epuc., 10, 167 (Mar., 1933)]. The second 
sentence under the sub-title ‘“‘viRGINIUM (ELEMENT 
87)’ should read: ‘‘... and since no inactive isotopes 
of elements having atomic numbers greater than 83 
had ever been found...” 

Dr. N. M. Stover of the University of Alberta has 
also kindly informed me of a discrepancy regarding 
the date of discovery of rhenium and masurium, pp. 
161 and 163 of the March issue, and the date of publi- 
cation of the original paper by Noddack, Tacke, and 
Berg [ref. (15)]. The statement that elements 43 and 
75 ‘‘were discovered in June, 1924...’ should be 
corrected to read: “‘...were announced in June, 
1925....’’ The same change should also be made in 
the Chronology, p. 227 of the April issue. 

Some readers may have been disappointed at the 
absence of several portraits which would have made 
an appropriate addition to these articles. Although 
Dr. Dains and the writer would have liked to publish 
portraits of all the chemists whose researches have led 
to the discovery of chemical elements, some of these 
were unobtainable. Since the discoverers of some of 
the newer elements preferred not to have their por- 
traits published, we of course respected their wishes 
even though we had the portraits. 

Sincerely yours, 


THE UNIVERSITY OF KANSAS 
Mary ELvira WEEKS 


LAWRENCE, KANSAS 
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KEEPING UP WITH CHEMISTRY 


resistance to penetration of alkaline and alcoholic solutions. 

Wax improves the permanency of paper and gives to the product 

a higher gloss, better printing qualities, and an apparent opacity. 
J. W. H. 


Atomic weights, 1933. Chem.-Zig., 57, 116 (Feb., 11, 1933).— 

The third report of the Atomic Weight Committee of the Inter- 
national Union for Chemistry deals with the period from Sep- 
tember 30, 1931, to September 30, 1932. The committee (G. P. 
Baxter, Mme. P. Curie, O. Hénigschmidt, P. Lebeau, R. J. 
Meyer) made the following two changes: atomic weight of 
iodine from 126.932 to 126.92, and that of lanthanum from 
138.90 to 138.92. LoS: 

Some post-war developments in pure and applied organic 
chemistry. G. R. CLemo. Chem. & Ind., 51 1049-52 (Dec., 
23, 1932).—A few of the important developments discussed are: 
the increased use of urea as a fertilizer, the large- ‘scale manu- 
facture of solid CO2, the use of Cellophane as a wrapping material, 
the acceptance of W. N. Haworth’s 6-membered pyranose ring 
for glucose, the increased knowledge of the vitamins, insulin, 
artificial silk, liquid fuels from coal, tetraethyllead, synthetic 
rubber, lacquers, plastics, internal medicines, and insecticides. 

E. R. W. 

Carbon dioxide in industry. C. L. Jones. Chem. & Met. 
Eng., 40, 76-9 (Feb., 1933).—Solid carbon dioxide is now sold 
in larger tonnage than the liquid product, the daily productive 
capacity in the United States being over 700 tons. Ninety 
per cent. of the liquid CO, is used by the beverage industry. 
The new uses listed are for the solid CO. Among the many 
listed special emphasis is given to food refrigeration, hardening 
alloy steels, chilling golf balls and rubber articles for trimming, 
aid in the grinding and mixing of dyes and gummy products, 
cold storage for eggs, cleaning water wells, as an explosive in 
coal mining, extinguishing fires, and distribution over clouds as a 
“rain maker.” J. W. H. 

Cellulose fermentation. H. LANGWELL. Chem. & Ind., 51, 
988-94 (Dec. 2, 1932).—An historical survey of the development 
of cellulose fermentation to its present state of industrial im- 
portance. Under proper conditions waste cellulose material 
is caused to ferment, yielding acetic acid, butyric acid, ethyl 
alcohol, methane, hydrogen, and carbon dioxide. The future of 
the process will depend upon our ability to collect in the manu- 
facturing center a cheap and abundant supply of raw material. 

E. R. W. 


Electrical factors of colloid stability. E.S. Hepces. Chem. & 
Ind., 51, 937-9 (Nov. 11, 1932).—Positively charged colloid 
particles are coated with an adsorbed layer of cations. A diffuse 
layer of anions, becoming less dense as the distance from the 
particle increases, surrounds the positively coated particle. 
The inmost part of this layer of anions probably moves with the 
particle as it moves. The electrical disturbance caused by the 
separation of the mobile and immobile parts of the layer is 
responsible for the electrokinetic (zeta) potential which is the 
main electrical factor of colloid stability. The addition of a 
non-electrolyte to a colloidal dispersion usually lowers this 
potential and decreases the stability of the dispersion. In the 
absence of electrolytes this layer may be formed by orientation 
of polar molecules. In the case of hydrophilic colloids the main 
factor of stability seems to be one of hydration rather than of 
electrical nature. E.R. W. 

Case for rosin-wax sizes. R. B. Lapoo. Chem. & Met. 
Eng., 40, 89-90 (Feb., 1933).—Sizing is practiced by paper, 
textile, cordage, window shade, leather, and cooperage industries. 
The objectives are to make the material resistant to liquids, 
gases and solids, increase stiffness and rigidity, diminish shrinkage 
and expansion, reduce curling and warping, and in the case of 
paper to give finish and gloss to the surface. 

The most important sizing agents are rosin, starch, glue, 
casein, and waxes, the first being most widely used. Rosin- 
wax sizes containing varying proportions of wax are giving 
uniformly satisfactory results under virtually all paper-mill 
conditions. Their advantages are better sizing with less material 
and at lower cost, absence of foaming, less brittleness, and better 


Distribution of molybdenum. H. TER MEuLEN. Nature, 130, 
966 (Dec. 24, 1932).—The author shows that molybdenum occurs 
in small amounts widely distributed in nature. On the kilo 
basis the following amounts were found in mg. 


Coal ash—0.21 

Beans and peas—3 to 9 

Cereals—0.2 to 0.6 

Fertile soil—0.1 to 0.3 

Mineral waters—rarely 

Mexican crude oil—5.55 

Liver—1.5 

Blood, milk, eggs—0.03 to 0.14 

Haddock (whole fish) —0.03 

Sea water (40 liters)—none could be detected 
Azolla (an aquatic plant found near Delft)—1.13 


H. Bortels has shown that a certain microbe, Azotobacter 
chroococcum, which Possesses the property of fixing atmospheric 
nitrogen, is dependent for its healthy growth on the presence of 
molybdenum. F. B.D. 

Chemical warfare in mob and crime control. K. A. Kose. 
Chem. & Met. Eng., 40, 60-2 (Feb., 1933).—Chemical agents 
offer a humane method of handling not only criminals but also 
mobs. Safes can be protected against burglars by a frangible 
container which is broken to release a volatile chemical agent 
or a mechanical or electrical device which will detonate a grenade 
to volatilize a chemical agent by a burning charge. Volatile 
chemicals used are chloropicrin, bromoacetone, or some tear 
gas, while a mixture of chloroacetophenone and nitrocellulose 
is used in the grenade. Banks are also being protected by ‘‘gas 
locks” on the doors and tubing systems of distributing gases, 
operated from the teller’s cage. 

Chemical equipment has become an important part of every 
police department. Hand grenades, gas pistols, and riot tubes 
are used. Charges in these may be chloroacetophenone mixed 
with nitrocellulose for tear purposes, hexachloroethane, zinc 
powder, and zinc oxide for smoxke-screen purposes, or diphenyl- 
amine—chloroarsine, a “‘sneeze gas’’ resulting in vomiting and 
nausea. Tear gas effects last the shortest time; none of the 
gases leave permanent effects. 

For individual protection a fountain-pen type of gas gun has 
been developed. The spread of the gas on discharge gives a 
4-ft. circle at the maximum range of 15 ft. }.. Wow. 

Nickel and nickel alloys in the cHemical field today. H. E. 
SEARLE. Inco, 11, 15-7 (Mar., 1933).—In the neighborhood of 
20% of the world’ s production of nickel is used for corrosion- 
resisting purposes. Much of this goes into chemical equipment. 
Among the factors, all of which may vary, responsible for corro- 
sion rate are aération of the corroding solution, the rate of its 
flow, its temperature, and its concentration. Among the corro- 
sion-resisting alloys of nickel are: Ni-resist, an alloy of nickel, 
copper, chromium, carbon, manganese, and silicon with cast 
iron; 20 to 30% nickel cast iron; Monel metal. Tables of 
relative resistances of these alloys to corrosion baths of different 
kinds are given as well as their measured physical eS . 


Metallic calcium. Ind. Bull. of Arthur D. Little, Inc., 74 
4 (Feb., 1933).—Metallic calcium has been known since 1808, 
when Sir Humphry Davy made it in an impure state by reducing 
calcium oxide with metallic sodium. Moissan produced it in a 
pure state ninety years later by the same process, but now it is 
manufactured by electrolysis of calcium chloride. Calcium is 
harder than tin or lead, almost as hard as aluminum, and conse- 
quently has been used in light aluminum alloys and in lead- 
barium-calcium alloys known as Frary metal, used during the 
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World War, when there was a shortage of antimony, for anti- 
friction bearings. Lately calcium has been combined with lead 
to make alloys particularly adaptable as sheathing material 
for electric cable. The principal use for metallic calcium at 
present is as a powerful reducing and dehydrating agent and an 
absorbent for gases. These properties make the metal useful in 
deoxidizing and desulfuring carbon steels and cast iron. _It has 
been reported to be a useful reagent in the purification of inert 
gases and in the dehydration of oils and alcohols, as well as in 
the fixation of nitrogen. The chief barrier in the way of calcium 
utilization has always been, and still is, the cost of production. 
The price fifteen years ago was about $20 per pound. It is now 
$1.50. -'O. 
The versatility of paper. Ind. Bull. of Arthur D. Little, Inc., 
74, 3-4 (Feb., 1933).—Paper was originally used principally 
for printing and writing, and to some extent for wrapping. In 
the year 1930, however, 40% of the total paper products produced 
in the U. S. was in the form of paper boards; 26% was printing 
paper; 16% was wr i paper; 5% writing paper; and 4% used 
or over 800,000 tons of other 
paper products. A couidsable proportion of the paper board 
finds its way into shipping containers for various uses such as 
crates for fruit, cartons for ice cream, oysters, etc. Paper 
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pie-plates have long been used as conveyers, but recently spe- 
cially treated paper plates have appeared in which the pies are 
actually baked. The cheapest paper stock is ground wood. 
Sheets of this can be formed on machines similar to paper ma- 
chines and have a wide use as insulating board for buildings. 
Such board can also be molded and many toys are made of it. 
Fiber conduits for underground cables are also made from it as 
well as furniture. Paper has encroached upon textiles in such 
products as table cloths, napkins, towels, handkerchiefs, twine, 
carpets, collars, belts, and even window shades and umbrellas. 
Artificial wool has been made from the same fibers as are used in 
paper. Special processing has produced paper products that are a 
close imitation of suede and leather. Many products have been 
made by combining other substances with paper. In the roofing 
industry, a paper felt is saturated and coated with asphalt and 
slate granules. A similar paper without the granules of slate is 
used as a mulch paper to keep down weeds in the Hawaiian 
pineapple plantations. Slippers and shoes have been made 
from latex-impregnated paper. The fact that special processing 


can impart entirely new characteristics and produce a wide 

variety of different materials indicates that paper fiber as a base 

material affords an expanding field in paper manufacturing. 
G. O 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Le Chatelier’s principle. G. VAN PraacH. Sch. Sci. Rev., 14, 
201-2 (Dec., 1932).—The reaction N2O, == 2NO) is suggested 
for the demonstration of Le Chatelier’s principle, the change in 
equilibrium being made evident by change in color. ‘‘Nitrogen 
dioxide is passed at room temperature into a vessel fitted with 
two taps, until the color is pale orange. The taps are then 
closed. One is connected to the water pump and opened momen- 
tarily. The color becomes pale yellow, owing to removal of gas 
by the pump, but within a second or so, it returns almost to its 
original depth, owing to an increase in concentration of the NO» 
caused by further dissociation following the reduction in pres- 
sure. O. R. 
The formation of sodium formate from sodium hydroxide 
and carbon monoxide—a lecture experiment. H. RHEINBOLDT. 
Z. physik. chem. Unterricht, 46, 1-6 (Jan.-Feb., 1933).—Detailed 
directions are given and a diagram of the apparatus is shown for 
the preparation of sodium formate from*“NaOH and CO. The 
CO obtained by the action of H.SO, on formic acid is freed from 
CO. by contact with KOH. The gas is passed through a 50% 
solution of KOH, then through a dilute solution of indigo, and 
finally into the reaction vessel. This vessel consists of a wide 
test-tube which is heated electrically with resistance wire and 
which is charged with NaOH and soda lime. Ls. 

A stable reagent for detecting nitrites. I. SToNE. Chem.- 
Analyst, 22, 10 (Jan., 1933).—The reagents usually employed 
in the nitrite test are relatively rare or unstable in solution, 
making it necessary to prepare fresh solutions as needed. The 
reagent here mentioned is prepared from simple chemicals, is 
very stable, and consists of a single solution. It is composed of 
aniline, 1 cc.; phenol, 1 g.; cone. HCl, 15 cc.; distilled water, 
150 ce. The solution to be tested should be neutral. Add 0.5 
cc. of the reagent and then make alkaline with NaOH. In the 
presence of nitrites an intense color is formed. If interfering 
colors are present, the yellow color can be extracted with a 
little amyl alcohol. A control shake-out should be made without 
the addition of the test reagent. The sensitivity is about 0.01 
mg. of nitrite ion per cc. In testing for traces allow to stand 
about one-half minute before making alkaline. DSL. 

Experiments with solutions. R. B. Waters. Pop. Sci. Mo., 
122, 48 (Jan., 1933).—A number of experiments using solutions 
are described for the amateur chemist; these involve tempera- 
ture effects, endothermic and exothermic solutions, crystalliza- 
tion, sublimation, and distillation. “Jacob’s” tube may 
be made using liquids of varying colors and densities. 

LS es ae: 

Chemicals you can make in your home laboratory. R. B. 
Waites. Pop. Sci. Mo., 122, 56 (Feb., 1933).—The technic 
of carrying out titrations is described together with the necessary 
apparatus. A number of salts are listed which can be easily 
made by means of reactions taking place in solution. 

B.S: 


Determining freezing point and solubility at low temperatures. 
E. DRIVER AND E. Cotton. Chem.-Analyst, 22, 8 (Jan., 1933). 
To obtain temperatures lower than can be obtained by ice-salt 
mixtures, ether is placed in an unsilvered Dewar tube and a 
little solid CO. is added. This serves as a cooling bath to — 50°C. 
or lower. The liquid whose freezing point is to be determined 





is placed in a test-tube provided with a thermometer and stirrer. 

The crystals produced are very fine and dissolve readily when the 

tube is withdrawn, so the true freezing point can be obtained. 
DG EL. 


Freezing-point lowering nomograph. D. S. Davis. Chem.- 
Analyst, 22, 8 (Jan., 1933).—This chart makes possible a rapid 
calculation of the lowering of the freezing point when a given 
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number of mols of a substance is dissolved in one of a number 
of different solvents. The dashed line indicates that 0.3 mol of 
an unionized solute dissolved. in 1 kg. of benzene lowers the 
freezing point 1.54°C. DiC. 
An inexpensive pyrometer for temperatures up RS 1000°C. 
W. C. Srapre AND S. L. Wricut, Jr. Science, 77, 172 (Feb. 10, 
1933).—No. 14 gage pieces of chromel and alumel wires each 
about 3 ft. long were twisted together tightly for a distance of 
one inch. The twisted ends were protected from corrosion by 
means of a small silica test-tube packed with asbestos fiber. 
The free ends were insulated from each other by short lengths of 
silica tubing sufficient to bring the wires out of the back of the 
oven and were held in position far enough from the oven to avoid 
being heated by radiation. They were then connected to copper 
leads, which ran to a special microvoltmeter. An accuracy of 
+10° was secured. E. C. K. 
Silk Cellophane for lantern slides. See this title, p. 317. 





OOM wD me me Wwe ew RM Hs 


May, 1933 


317 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Progress report in the field of organic chemistry. IV. Natural 
products of mostly unknown constitution. W. Karrer. Z. 
angew. Chem., 46, 37-45 (Jan. 14, 1933)—1. Proteins. 2. 
Phosphatides, cerebrosides. 3. Sterines and gallic acids. 4. 


Saponins. 5. Isoprene derivatives and carotinoids. 6. Other 
natural products. 7. Vitamins. 8. Hormones. 138 refer- 
ences are given. L. S. 


HISTORICAL AND BIOGRAPHICAL 


Inventor of methods [Friedrich Wilhelm Ostwald]. A. P. 
Sacus. Chemist, 10, 11-21 (Jan., 1933).—A biography of Fried- 
rich Wilhelm Ostwald (Sept. 2, 1853-April 4, 1932). Ostwald 
considered that his work on catalysis was his most important 
independent contribution to chemistry. This work won for him 
the Nobel Prize in 1909. 

“He was a great experimenter, a great generalizer, an in- 
spiring teacher, a wonderful organizer, a philosopher, an inter- 
nationalist, the prophet of a new day, an artist, a veritable 
Leonardo da Vinci of science in the versatility and the magnitude 
of his talents; or perhaps a Goethe of science, for Goethe was 
his great ideal.” 

He wrote many scientific articles, books, and reviews. He, in 
association with J. H. van’t Hoff, established the Zeztschrift fir 
phystkalische Chemie. 

In the later years of his life he was interested in the develop- 
ment of an international language. He made perhaps his last 
and greatest contribution to culture in his investigation and 
organization of the theory of color. E. R. W. 

Scientific centenaries in 1933. E. C. Smit. Nature, 131, 
14-5 (Jan. 7, 1933)—Among the names listed, the following 
are of interest to chemists. 

Joseph Priestley (1733-1804) was born at Bristol, Leeds, and 
died at Northumberland, Pa. The American Chemical Society 
was founded August 1, 1874, at the celebration of the centenary 
of the discovery of oxygen. Priestley was one of the few English- 


men to be elected a foreign associate of the Institute of France, 
the secretary of which, Cuvier, in his éloge referred to him as 
“le pere de chemie modérne qui ne voulait pas reconnaitre sa fille.” 

Richard Kirwan (1733-1812). The chemist and geologist 
was an intimate friend of Priestley and like him was the recipient 
of the Copley medal of the Royal Society. 

Sir Henry Roscoe (1833-1915) was noted for his work with 
Bunsen on the quantitative action of light on chemical reactions, 
the especial study being the formation of hydrochloric acid from 
its elements, for his later work on vanadium, and for his services 
to English education. 

Peter Waage (1833-1900), the distinguished Norwegian chem- 
ist, student of Bunsen, collaborator with Guldberg, stated in 
1867 as a result of their investigations, the law which bears their , 
names. 

Alfred Bernard Nobel (1833-1906) was a Swedish engineer, 
chemist, and inventor of explosives, who founded the N obel 
prizes. One of the last awards was to the American, Irving 
Langmuir, a recent president of the American Chemical Society. 

A century ago, the French chemist, Joseph Nicephon Niepa 
(1765-1833), whose statue at Chalons recalls his achievement of 
obtaining sun prints on metal plates, died. 

Thomas Allan (1777-1833) was an Edinburgh mineralogist 
and a friend of the Quaker chemist, John Griscom. F. B.D. 


Cellulose fermentation. See this title, p. 316. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


A science movie. ANON. Sci. Classroom, 12, 3 (Feb., 1933).— 
“The Eyes of Science,’’ a 3-reel motion-picture film, which shows 
the theory, manufacture, and application of modern scientific 
instruments, has been prepared by the Bausch & Lomb Optical 
Co. It is available for the use of teachers in colleges and high 
schools. Applications may be made direct to the company in 
Rochester, N. Y., or to its branch offices in New —* a 
or San Francisco. 32 

Life of atoms shown in movies. Anon. Pop. ye Mo., 
122, 35 (Feb., 1933).—The University of Chicago has prepared 
two movie films entitled “The Molecular Theory of Matter’ 
and ‘Oxidation and Reduction.’’ These films picture experi- 


ADMINISTRATIVE PROBLEMS 


Homogeneous grouping. C. C. TrititincHam. High Sch. 
Teacher, 9, 72-3 (Feb., 1933).—This article represents a résumé 
of interviews with twenty-five principals of public schools. 
Seven benefits derived from such grouping include fewer failures, 
larger percentage of graduates continuing into higher schools, 
greater industry, and work more readily adapted to individual 
needs. The problems involved in such grouping are mostly 
social, such as: possibility of developing snobbishness among 
brighter pupils, class consciousness engendered among parents, 


ments and processes which illustrate the operation of funda- 
mental natural laws and are expected to prove valuable in re- 
placing lecture experiments and demonstrations. They not only 
save time and effort which the instructor ordinarily devotes 
to his lecture demonstrations, but will also bring a much wider 
range of material before the student. Hot. 8. 
Silk Cellophane for lantern slides. F.F.YONKMAN. Science, 
77, 218 (Feb. 24, 1933).—Special du Pont No. 300 white silk 
Cellophane is suggested as a recipient of carbon in projection 
lantern slides. The silk Cellophane takes ink directly from the 
typewriter ribbon without smudging. Its cost is less than one 
cent per slide. E...C. 


AND DEVICES; CURRICULA 


and aggravation of the discipline problem when all problem 
cases are brought into one group. ‘The general feeling is that 
much good results from homogeneous grouping educationally, 
but that careful administration is necessary to avoid social 
complications.”” As to its future, it may be entirely discarded 
though considerable modification may save it, or it is even 
conceivable that it might be perfected to a point of permanent 
acceptability. B.C. Hi. 


‘ 
t 


EDUCATIONAL MEASUREMENTS AND DATA 


What becomes of the college graduate? A. ANABLE. Chem. & 
Met. Eng., 40, 83-5 (Feb., 1933)—A study made on 1000 
graduates of Massachusetts Institute of Technology. All of 
these men had had the same educational advantages and all 
had secured diplomas upon graduation. As a group they entered 
business and industry in minor capacities, attaining greater 
responsibilities as the years passed. They were given five 
achievement ratings based on earning power. The character- 
istics of the median man in the upper achievement group, taking 
character, honesty, etc., for granted, are listed as: 1. A good 
standing in classroom work, well above the average in all sub- 
jects, but especially high in thesis work and in business and 
economic subjects where latent initiative, imagination, and 


resourcefulness are developed. 2. Proficiency in extracurricular 
activities, particularly calling for managerial and organizing 
abilities and the subtle technic of leading others and making 
others like to be led. 3. Ability to get along well with others— 
a natural and deserved popularity if you will—indicated by 
election to membership in honorary and social fraternities. 4. 
Success in securing employment in a growing and remunerative 
industry, such as chemical and related processing industries, a 
gradual working into the more lucrative fields of that industry, 
such as distribution, finance, and management, and finally the 
attainment of an executive position in the active direction of 
that industry rather than the less remunerative functional or 
staff position. J. Wok. 


THE PHILOSOPHY OF EDUCATION 


A Wisconsin philosophy of science teaching. ‘I. C. Davis. 
Phi Delta Kappan, 15, 141-3 (Feb., 1933)—This report of a 
committee of which the author is chairman represents the out- 


growth of discussions in fifty-five groups in which 300 teachers 
participated. A teachers’ training council of Wisconsin has 
characterized education as “‘growth through problem solving’’ 
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so the individual may be trained to act “in such a way that he 
will make the greatest possible contribution to society and at 
the same time receive the greatest personal satisfaction.”’ Science, 
the committee thinks in the light of this definition, has three 
distinct objectives: it seeks to develop an attitude which 
recognizes and attacks problems; it seeks to impart (1) a scien- 
tific method which makes more certain success in the solution of 
problems and (2) sufficient information to save the present 


JOURNAL OF CHEMICAL EDUCATION 


generation from costly mistakes in fields that the past has al- 
ready mastered. Fourteen specific objectives are stated. Some 
of these that are not commonly stated in lists of science objec- 
tives are: power to distinguish between fact and theory; the 
concept of cause and effect relationship; habits of basing judg- 
ment on facts; ability to formulate workable hypotheses; and 
willingness to change opinion on the basis of new evidence. 
B.C. HH: 


PROFESSIONAL 


College and university teaching. PrRoGRESS REPoRT oF Com- 
MITTEE U. Bull. Am. Assoc. Univ. Profs., 18, 533-48 (Dec., 
1932).—The committee gathered its materials by personal visi- 
tation and did not resort to questionnaires. Fifty institutions 
in various parts of the country were visited. Attention was 
concentrated on certain immediate and practical problems con- 
nected with improvement of teaching, with no attempt to follow 
the entire subject through all its ramifications. Nothing would 
seem more futile than to attempt to define good teaching, or the 
qualities of a good teacher, by inditing generalizations which 
neglect the wide variations among institutions, among sub- 
jects, and in the capacities of the students concerned. 

There is good reason to believe that the general quality of 
college teaching has undergone a steady improvement during 
the past thirty years and that it does not now deserve the criti- 
cisms leveled against it. Good teaching is a matter of men as 
well as of methods. It is well to raise the question whether the 
profession is drawing into its ranks the kind of recruits it ought 
to have. There is a widespread feeling that the profession of 
college teaching has not been making a sufficiently strong appeal 
to the ablest young minds of the nation. Young scholars whose 
qualifications for entering the teaching profession are conspicuous 
should have presented to them the durable satisfactions of the 
teaching profession; on the other hand, a vigorous effort should 
be made to discourage those whose promise of success in the 
profession is at all doubtful. The forgotten man in the small 
college may be a first-rate teacher and worthy of consideration 
for a more important post, but perhaps he is not doing the kind 
of research that attracts attention. One suggestion is that 
colleges advertise vacancies, and another is that the American 
Association of University Professors maintain a permanent field 
representative who will go from college to college inquiring 
about prospective vacancies and obtaining information about 
teachers of unusual competence. As to the relation of teaching 
to research, the fault may lie with the colleges themselves in that 
they ask that in most cases the candidates recommended to 
them be young men who give promise of research productivity. 

It is well recognized by the graduate schools that the rapidity 
of a teacher’s advancement, even in the colleges which profess 
to desire teaching capacity above all things else, is all too often 
dependent upon the success of his research work. Success in 
research gets itself automatically rewarded while successful 
teaching does not. Good teaching, even though it be con- 
spicuous, rarely gets recognition beyond the bounds of the cam- 
pus. It seems essential that some well-thought-out means for 
automatically discovering the really good teacher shall be de- 
vised and utilized. The setting-up of recognized means for the 
evaluation of good teaching by each department is an essential 
first step to the adequate rewarding of good teaching in any 
institution of higher education. Questionnaires addressed to 
students and alumni in an effort to appraise teaching ability are 


in no case altogether satisfactory. Complaint is made that 
poor teaching is frequently attributable to the multifarious 
extra-curricular activities in which college teachers sometimes 
engage, whether voluntarily or involuntarily. These do not 
interfere with effectiveness in teaching save in very exceptional 
cases. Extension courses, correspondence courses, evening 
classes, as well as committee work, should be counted as part 
of the weekly teaching load and should be paid for within the 
teacher’s regular salary rather than as extra compensation. 
Is it likely that courses in education, if taken by those who are 
preparing to become college teachers, would result in better 
teaching? What is needed more than these is the pursuit of 
studies which will accomplish three things: first, the acquaint- 
ing of every college teacher with the newest developments in 
the field of higher education presented in relation to the whole 
history of education in the United States; second, the gathering 
of materials with reference to the methods of instruction in indi- 
vidual departments such as will enable criteria of good teach- 
ing to be worked out; third, the vigorous study of everything 
that can throw any light on the processes of learning by college 
students. It is probably true that there are more students in 
American colleges who have difficulty in learning than teachers 
who have difficulty in teaching. College professors sometimes 
forget that they are expected to function in a threefold capacity. 
They are teachers of youth and as such are expected to impart 
knowledge efficiently. They are also charged with the duty 
of widening the bounds of learning by their own research and 
scholarly exploration. They have a third obligation of sharing 
the direction of collegiate educational policy. 

It would be of value to younger teachers if the American 
Association of University Professors would plan to devote each 
year a series of meetings to the discussion of timely issues con- 
nected with college organization, policy, and methods. The 
lecture system of teaching has fallen into great disfavor. Large 
classes are being reduced by splitting into sections. It seems to 
be a consensus of opinion that better teaching can be done with 
small classes than with large ones. The committee believes that 
while good teaching is highly important, mere improvements in 
teaching will not of themselves provide a solution for all the 
problems, or even for the most important problems, which now 
confront the college and university faculties of the U.S. Even 
more urgent, for example, than the need for higher standards 
of teaching is the need for higher standards of scholastic work 
on the part of the American undergraduate. Teaching can 
never be highly effective until a greater degree of intellectual 
response and codperation is expected and exacted from the 
student body. One of the essential prerequisities of improved 
teaching, therefore, is the elimination of low-standard courses 
from college catalogs. fe S 

What becomes of the college graduate? See this title, p 
317. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


The chemistry and industry of Argentina. M. M. CuHarap. 
Chem. & Ind., 51, 920-2 (Nov. 4, 1932).—Argentina is chiefly 
an agricultural country at present (more than 50% of its ex- 
ports are agricultural) but manufacturing industries are rapidly 
expanding. Many of these are controlled by American and 
British firms, although local companies are making rapid ad- 


vances. The largest industries depend upon the local supplies 
of raw material such as meat, cereals, sugar, cotton, wool, and 
petroleum. Rubber articles, cement, paints and varnishes, and 


chemicals are also manufactured in increasing amounts. 
E. R. W. 


GENERAL 


Appropriations for grants in aid by the National Research 
Council. . HowELy. Science, 77, 214-6 (Feb. 24, 1933).— 
The National Research Council announces that the research 
aid fund is to be continued during 1933. Requests for grants of 
moderate amount for the support of the individual research work 
of qualified investigators in the fields of the natural sciences 
will be considered. The policies for the administration of this 
fund are outlined. Lee Gee 


The Atlantic City meeting of the American Association for 
the Advancement of Science and associated societies. Edited by 
B. E. Livincston. Science, 77, 125-54 (Feb. 3, 1933).—A 
very successful and interesting meeting is reported. The Ameri- 
can Association prize was awarded to Dr. Henry Eyring (Prince- 
ton University) for a paper on ‘‘Quantum mechanics and chem- 
istry, with particular reference to reactions involving coniugate 
double bonds.” Cre. 





RECENT BOOKS 


THE TECHNICAL ARTS AND SCIENCES OF THE ANCIENTS. Albert 
Neuberger. Translated by Henry L. Brose, M.A., D.Phil. 
(Oxon), F.Inst.P. The Macmillan Co., New York City, 
1930. xxxii + 518 pages. 16 X 23 cm. 676 Illustrations. 
$10.00. 


This is a book with which any one will find it easy to spend an 
hour in looking at the pictures and in reading the legends which 
accompany them. The illustrations average more than one to each 
page. It is a book in which the reviewer, after reading for a 
while, wished to read still one section more, and again still an- 
other, until the evening was gone. It is a book to be read and a 
book to be consulted, a book for every library of engineering or 
science or history, and a book for all who have found pleasure in a 
visit to a great Art Museum. It is a challenge to those who 
value the Ancients solely because of their language and litera- 
ture. High-school students will profit by an opportunity to 
examine it. A copy ought to be in the high-school library where it 
will serve to supplement—and perhaps to neutralize and set in 
proper perspective—the instruction which the students receive 
in the political history of the Ancients. 

The author points out that the technical activity of man has 
had its periods of wax and wane, that ancient times and the 
present are alike in being times of great activity, and that 
technical science during the Middle Ages “‘suffered stagnation 
in consequence of being restricted within the narrow limits and 
regulations imposed by the system of guilds which rigorously 
prescribed the hours of work, the number of qualified workmen, 
the types of raw material to be used, as well as the shape and 
size of all the means involved.”’ Our present scientific knowledge 
of course vastly exceeds that of the Ancients, but the Ancients 
appear to have used such as they had unceasingly and to better 
advantage than we do. Time and pains were no object to them, 
and slave labor was abundant. 

About one-third of the book is devoted to matters which are 
really chemical, metals and metallurgy, the preparation and 
treatment of leather, fermentation, oils, fats, soaps, and per- 
fumes, preserving and embalming, ceramics, glass, dyes and 
dyeing, paints and pigments, etc. But it would be an excep- 
tional chemist who would not be interested in the rest of the 
book, in the technical applications of physical principles, me- 
chanics and machines, methods of producing fire, lighting and 
heating, town-planning, fortifications, dwellings, monuments 
and public buildings, building materials, water supply, drains 
and sewers, irrigation, roads and bridges, ships and ship-building, 
harbors, etc. 

TENNEY L. Davis 
Mass, Inst. OF TECHNOLOGY 
CAMBRIDGE, Mass. 


THE Most IMPORTANT MILESTONES IN THE DEVELOPMENT OF 
CHEMISTRY DURING THE Last ONE HUNDRED AND FIFTY 
Years. (In Russian.) B. N. Menshutkin. Academy of Science 
of U.S.S.R., Leningrad, 1932. 116 pp. 15 X 23cm. Rubles, 
1.25. 


In this very compact book Professor Menshutkin gives us an 
excellent survey of the development of modern chemical science. 
In order to bring out its continuous growth and logical develop- 
ment, he devotes considerable space to an account of the genesis 
of its underlying concepts. 

The book is subdivided as follows: Preface; I, Chemistry 
before 1770; II, The Chemical Revolution of the Close of the 
Eighteenth Century; III, Combination between Chemical 
Elements; IV, The Atomic Hypothesis in Chemistry; V, The 
Rise of Structural Chemistry; VI, The Victory of the Molecular 
Theory; VII, The Chemical Elements and Spectrum Analysis; 
VIII, The Periodic Law and the Periodic Systemt of the Ele- 
ments; IX, The Periodic System, New Chemical Elements, 
and Valence; X, Physical Chemistry and the Phase Rule; 


XI, Radioactivity and the Radioactive Elements; XII, The 
Structure of the Atom and of Matter; XIII, Atomic Numbers 
and Isotopes; XIV, What is an Element? and Conclusion. 

The present review has been prepared with the help of Nicholas 
D. Constan. We hope that Professor Menshutkin will soon give 
us the ‘“‘History of Russian Chemistry” which he is so well quali- 
fied to write. 

TENNEY L. Davis 
Mass. Inst. oF TECHNOLOGY 
CAMBRIDGE, Mass. 
A New NOMENCLATURE OF CHEMISTRY. Lyman Spalding. 
(Reproduced from the Original, 1796.) 


After supplying its own historical needs the American Pharma- 
ceutical Association has on hand a number of copies of reproduc- 
tions of ‘“‘A New Nomenclature of Chemistry proposed by Messrs. 
De Morveau, Lavoisier, Berthollet, and Fourcroy; with Addi- 
tions and Improvements by Lyman Spalding, M.B., Lecturer 
on Chemistry in Dartmouth University.” 

Dr. Lyman Spalding is the Father of the United States Pharma- 
copoeia, now in its Eleventh Decennial Revision. 

The size of the booklet is 23 X 28 cm.—12 pages in heavy 
paper cover. 

In order to defray the cost of reproduction a charge of $1.00 
per copy postpaid is made. Those desiring a copy should address 
American Pharmaceutical Association, 10 W. Chase St., Balti- 
more, Md. 


INTRODUCTORY COLLEGE CHeEmistTRY. JHorace G. Deming, 
Professor of Chemistry, University of Nebraska. John 
Wiley & Sons, Inc., New York City, 1933. xii + 590 pp. 
158 Figs., 56 Tables (unnumbered). 14 X 21.5cm. $3.00. 


The author believing that ‘‘chemistry is often made unattrac- 
tive by generalizing too early” has first considered ‘‘some of the 
phenomena afforded by the chemical landscape as a whole,” 
which, in turn, “implies historical perspective and command of 
general principles.’”” The preface leads the reader to expect too 
much in this respect, for we find ‘Early Views with Regard to 
Matter’ on p. 3, ““Two Kinds of Properties” on p. 17, ‘“‘Law of 
Conservation of Weight,” on p. 32, ete. The first extensive 
generalization—Dalton’s Atomic Theory—appears on p. 66. 
Grantedly, one isn’t in the field of chemistry until atoms and 
molecules have found a place in the imagination—and the 
development of .the imagination should not be halted just be- 
cause one is in the ‘“‘teens’”’ of his freshman year. Withal, the 
author has, perhaps, remained as closely to his ideal as is humanly 
possible. 

The book is divided into four sections: Preliminary (195 
pp.), The Non-metals (244 pp.), The Metals (98 pp.), and 
Organic Chemistry (34 pp.), these being followed by a Con- 
clusion and Appendix in which is included either a re-statement or 
page reference to sixty-five important terms. While the arrange- 
ment of material in Part I is somewhat different from that found 
in most introductory chemistry texts, the totality is not widely 
variant. The kinetic molecular theory is absent as such, but is 
found imbedded in the presentation of ‘‘The States of Matter” 
in which is also included the ‘‘Brownian Movement.” Thirteen 
pages are devoted to “‘Hydrogen Ion.” 

The historical perspective of the chapter on Ions is main- 
tained from Faraday’s experiments through the Arrhenius 
picture closing with the structure of the atom. With but eight 
to ten departures the chapters are of about a desirable size for 
purposes of instruction and study. The study of the metals is 
somewhat unique in that most of this material is brought to- 
gether in one chapter of 31 pages, with little or nothing concern- 
ing their more utilitarian compounds. The chapters concerned 
with Mortars and Cements, the Ceramic Industries, and Iron 
contain some very valuable cultural information. Some of the 
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topics, such as, Firing a Furnace, the Choice of Fuels, Humidi- 
fying and Drying Air, Ventilation, Air as Motive Power, should 
certainly satisfy those who maintain that first-year chemistry 
has become too theoretical. 

The book has numerous aids for both the student and in- 
structor. These include: (a) collateral reading in books and 
journals; (b) a total of 1600 questions on the textual material 
and practical applications; (c) cross-references; (d) review 
sections; (e) ideal recitations; (f) ‘‘“How to Study’’; (g) judicious 
selection; (h) pronunciation of proper names; (7) occasional 
summaries; (j) chronological table of the discovery of the ele- 
ments; etc. 

A few features might be improved. 

Very few authors have properly tied Radioactivity to Atomic 
Structure. The discussion of Indicators is too detailed for an 
introductory book. The definition of a molal solution (p. 401) 
does not harmonize with that of other authorities. Strontium 
chloride is used in certain of the late models of gas-heated 
refrigerators. More pictures of scientists would increase the 
cultural value of the book. Some of the diagrams might be 
improved—e. g., Figure 49b shows a stopper as a thin disk 
quite well pushed down into the neck of the flask, etc. The 
number assigned to this diagram causes the reviewer to suspect 
that the figure was inadvertently omitted in the first set-up. 
Perhaps there is some argument favoring the memorizing of 
about 40 valences as suggested on p. 188. The author virtually 
denies the existence of molecules of acids, bases, and salts on p. 
188, but apparently grants their existence on p. 257. Organic 
bases are mentioned on p. 180 while the term organic is not 
defined until p. 200. 

Those interested will want to know whether or not this volume 
is merely an abbreviated edition of ‘‘General Chemistry” by the 
same author. With the exception of a very small number of 
figures, tables, paragraphs, and chapter headings, it most cer- 
tainly is not. The smaller book might be regarded as somewhat 
pandemic in character, yet, barring the abbreviated treatment 
of the periodic classification of the elements, it will sufficiently 
serve the elementary needs of the student expecting to major 
in chemistry. 

The book is refreshingly different in these days of multi- 
plicity. Some of the practical questions might be found em- 
barrassing to the instructor—that is, if the student insisted 
on a satisfying answer. 

JESSE E. Day 
Tue Onto STATE UNIVERSITY 
CoLuMBvs, OHIO 


CALCULATIONS OF QUALITATIVE ANALysIS. Carl J. Engelder, 
Ph.D., Professor of Analytical Chemistry, University of 
Pittsburgh. John Wiley & Sons, Inc., New York City, 1933. 
viii + 174 pp. 15 X 23cm. $2.00. 


The purpose of the author has been to supply a group of prob- 
lems for use with the course in qualitative chemistry. More 
than 800 problems are arranged according to topic into fifteen 
groups. The subjects treated are (1) mathematical operations, 
(2) the writing of chemical equations, (3) the preparation and 
use of reagents, (4) molar and gram-ion concentrations, (5) 
ionization equilibria, (6) solubility-product equilibria, (7) com- 
plex-ion equilibria, (8) hydrolysis equilibria, (9) oxidation- 
reduction equilibria. Each topic is carefully developed in con- 
siderable detail and illustrated by means of the solutions of 
numerous problems. Of the numbered problems, answers are 
given for those with odd numbers. A convenient appendix 
includes a table of atomic weights, a list of solubility products 
and densities for solutions of strong acids and ammonia. The 
outstanding feature of the book appears to be the painstaking 
care exercised by the author to bring the material presented 
within the reach of the elementary student. The book is a 
valuable addition to chemical literature and should prove very 


useful to those desiring problems to accompany a course in 
qualitative chemistry. 
LyMaAN J. Woop 
St. Louis UNIVERSITY SCHOOL OF MEDICINE 
Sr. Louis, M1issourt 
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OFFICIAL DIRECTORY OF THE BRITISH CHEMICAL PLANT MANU- 
FACTURERS’ ASSOCIATION, 1933. J. Davidson Pratt, Secretary, 
166 Piccadilly, London, W. 1, England. 173 pp. 14 XK 22 
cm. 


“This Directory is intended to place before chemical manu- 
facturers and other users of chemical piant the various products 
which are manufactured by the members of the Association.” 
The book is distributed gratis to buyers of chemical plant, but 
only on direct application to the above address. 


BRITISH CHEMICALS AND THEIR MANUFACTURERS. Published 
by the Association of British Chemical Manufacturers, 166 
Piccadilly, London, W. 1, England. 429 pp. 14 X 22 cm. 


‘This book is published by the Association of British Chemical 
Manufacturers, with a view to giving purchasers in all parts 
of the world information as to the products manufactured by 
members of the Association.” It is printed in English and five 
other languages. The book is distributed gratis to buyers of 
chemicals, but only on direct application to the above address. 


A SeLEcT, ANNOTATED BIBLIOGRAPHY ON THE HYGIENIC ASPECTS 
OF ALUMINUM AND ALUMINUM UTENSILS. With a preface by 
Edward R. Weidlein and an introduction by George D. Beal. 
Bibliographic Series, Bulletin 3. Mellon Institute of Industrial 
Research, Pittsburgh, Pa., 1933. xii + 69 pp. + index. 
15 X 23 cm. 


Since 1926 Mellon Institute of Industrial Research has been 
investigating the metals used in the construction of cooking 
utensils, industrial food-preparation equipment, and of food 
and beverage containers, with special reference to the physio- 
logical action of aluminum and its alloys and to their effect on 
foods and food constituents. The findings of these critical 
studies of the literature are now available in the form of a bulletin. 
It will serve as a guide to those who wish to follow in detail 
the chemical and medical investigations that have stamped 
aluminum as one of the suitable metals for the construction of 
equipment for the handling of food. 


NATIONAL SURVEY OF THE EDUCATION OF TEACHERS. VOLUME 
1. SeLEcTED BIBLIOGRAPHY. Compiled by Gilbert L. Betts, 
Benjamin W. Frazier, and Guy C. Gamble. U.S. Dept. of. 
the Interior, Office of Education, Bulletin, 1933, No.10. U.S. 
Government Printing Office, Washington, D. C., 1932. (For 
sale by the Superintendent of Documents, Washington, D. C.) 
xi + 118 pp. 15 X 23 cm. $0.15. 


INSTRUCTION IN ScIENCE. Wilbur L. Beauchamp. U.S. Dept. of 
the Interior, Office of Education, Bulletin, 1932, No. 17, 
National Survey of Secondary Education, Monograph No. 22. 
U. S. Government Printing Office, Washington, D. C., 1933. 
(For sale by the Superintendent of Documents, Washington, 
D.C.) vi+63 pp. 15 X 23cm. $0.10. 


The chapter headings of this bulletin are: I, Sources of Data; 
II, Preparation of Courses of Study; III, Educational Objectives 
Listed in the Courses; IV, Organization of Courses in Science; 
V, Organization of Courses in the Various Subjects; VI, Selec- 
tion of the Subject Matter; VII, Suggestions on Instructional 
Technic; - VIII, Types of Problems in Classroom Teaching; 


IX, Conclusions. 








The cut below represents one of 
three decorative panels set in the 
limestone facing just above the 
main entrance to the George East- 
man Research Laboratories for 
Physics and Chemistry at the 
Massachusetts Institute of Tech- 
nology. These plaques symbolize 
the spirit and purpose of the labo- 
ratories. The likeness of the young 
scientist, van’t Hoff, recalls the 
early age at which he announced the 
principle of molecular asymmetry. 
In the cutting of the panel the 
artist was guided by models con- 
structed by Dr. Avery A. Ashdown 
of the Massachusetts Institute of 
Technology. 

The bronze plaque reproduced at 
the left is from the collection of 
Dr. Lyman C. Newell, to whom we 
are also indebted for the photo- 
graph of the panel. 











PRING CATHARSIS OF THE EDITORIAL 
MUSE. It is one of the avowed objectives of the 
science teacher to impart an appreciation of the 

scientific attitude oi mind and the scientific method of 

examining evidence, together with a realization that this 
attitude and this method are applicable in other than 
strictly ‘“‘scientific’’ situations. Recent educational 
studies indicate that some progress has been made. 

We are assured that fewer students believe in the virtues 

of rabbits’ feet, the malignancy of black cats, et cetera, 

after than before exposure to science courses. 

We would like to suggest that, when it is felt that 
sufficient headway has been made against these ridicu- 
lous but comparatively harmless vestiges of voodooism, 
some attention be paid to more respectable supersti- 
tions of greater social significance. Case material is 
not hard to find. There is, for instance, the ancient 
superstition that the spirit and the flesh are essentially 
antagonistic—that the epic of man’s upward struggle 
is a history of the conflict between the two. The 
natural inference is that one can best befriend the 
spirit by mortifying the flesh. 

Some observers profess to see in the present eco- 
nomic distress the source of a wholesome trend away 
from materialism, a new spirit of mutual coédperation, 
a higher appreciation of moral and intellectual values. 
If memory serves us faithfully—and we think it does— 
similar ingots of spiritual gold were expected to issue 
from the fining furnaces of the World War. Perhaps 
the United States underwent too short an application 
of the refining process to have experienced to the full 
the benefits foretold. Perhaps we should look to Ger- 
many for evidences of a great war-inspired spiritual 
awakening, an invigorated sense of the brotherhood of 
man. 

Obviously there is no basis in experience or observa- 
tion for the superstition that misfortune and suffering 
ennoble the spirit of man. No promoter of good works 
would knowingly approach a prospective contributor 
who harbored an aching tooth. Almost any wife or 
child knows that the milk of human kindness does not 
gage highest in father during the half-hour before 
dinner after a day of tribulation at the office. 

There is another closely allied superstition to the 
effect that artists and thinkers do their best work in 
unheated garrets with little or nothing in their stom- 
achs. The theory apparently is that since overfeeding 
has a tendency to induce mental torpidity, underfeed- 
ing should impart abnormal acuity to mental vision. 
It is a theory entertained exclusively by persons whose 
chief experience has been with overfeeding. The 
hungry man can tell you that his most vivid mental 
visions are of nothing more inspiring or esthetic than 
beefsteak and onions. The histories of art, literature, 
and science can inform you that the best work has not, 
for the most part, been done under conditions of physical 
hardship. Thephysiologist can assure you that the under- 
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nourished brain works neither rapidly nor accurately. 

To give our discourse a savor more reminiscent of 
chemical education we may summarize by saying that 
humanity would benefit by instruction in distinguish- 
ing between positive and negative catalysts. Too often 
a retarding agent gets the credit for accelerating a re- 
action which really proceeds in spite of it. 

Further enlightenment might take the form of a 
course in ‘“The Desirability of Differentiating between 
Indicators and Active Reagents.’’ Does adversity 
develop strength of character or only reveal it? Is 
chronic alcoholism a cause or an admission of failure? 

Some attention might also be paid to varying condi- 
tions of reaction. Optimum is not necessarily synony- 
mous either with maximum or minimum. Four cock- 
tails will not do one twice as much good as two. Nor 
is the “golden mean” always an arithmetical average 
of two extremes. 

What we have said does not mean that moral or 
philosophical conclusions should be drawn direct from 
physical phenomena. A sharp distinction should be 
made between illustrative analogies and logical proofs. 
The renaissance of the spring flowers may simulate 
but cannot demonstrate the immortality of the soul. 

Here, it seems to us, lies the root of the limited 
cultural value of scientific fact and the tremendous 
potential cultural value of the scientific attitude. The 
fact that it is often dangerous to attempt to inhibit 
the evolution of a gas by blocking a delivery tube 
should suggest implications beyond laboratory walls. 
It should not be taken as supporting any particular 
legal or sociological thesis; it should be taken as illus- 
trative of legal and sociological phenomena of which 
we would do well to beware. 

When set down plainly in simple language these 
latter truths seem so obvious as scarcely to justify 
promulgation. That they are not universally obvious 
is indicated by the fact that various highly respected 
systems of philosophy are essentially teleological. 
Teleology is but the final flowering of a congenital in- 
ability to distinguish between literary metaphor and 
scientific identity. 

Let no Alexander of the classroom despair; there are 
still worlds to conquer. 








With a special and thorough 
knowledge of the sugar industry 
itself Dr. C. A. Browne combines 
the tastes and talents of a historian 
and a scholar. It would be difficult 
to find another so well qualified to 
discuss ‘“‘The Origins of Sugar 
Manufacture in America.” 

To Dr. Browne we are also in- 
debted for his kindness in pro- 
curing for us the canefield photo- 
graph which ts reproduced on our 
cover by courtesy of the United States Department of Agriculture 

















FIGURE 1.—REMAINS OF 
AN ARAB SUGAR FACTORY 
IN PALESTINE 
NEAR THE SITE OF 
THE BIBLICAL City 


OF JERICHO 


This factory was in operation at the time 
of the Crusades seven hundred years ago. 
The ruins at the bottom of the hill are a 
part of the aqueduct which supplied water 
for the mill. 





The ORIGINS of SUGAR 
MANUFACTURE in AMERICA 
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A Sketch of the History of Raw Cane-sugar Production in America 


C. A. BROWNE 


U. S. Department of Agriculture, Washington, D. C. 


HE home of the sugar cane, as of many other cul- 

tivated plants, is India. The Greek soldiers of 

Alexander the Great found the cane growing in 
India at the time of their conquest of Asia in 327 B.c., 
and reports which they brought home are among the 
first historical accounts of the sugar cane that reached 
Europe. It is doubtful, however, whether sugar was 
manufactured from cane as early as this. The cane 
was first simply eaten; later its expressed juice was 
used as a beverage; still later this juice was boiled down 
to a sweet concoction for making preserves or sweet- 
meats and the crystallization, which took place in 
such concentrated juice, probably gave the people of 
India their first ideas of sugar making. 

From its native home in India the sugar cane was 
carried eastward and westward. Its cultivation spread 
among the native tribes of all the East Indies, the Ma- 
layan archipelago, and the islands of the Pacific. None 
of these islanders, however, ever advanced far enough 
to manufacture sugar and for the development of this 
art we must turn to the western nations. 

The first people to carry the sugar cane westward 
were the Persians who made some progress in sugar 
manufacture. They first made a hard sugar called 
Kand from which our word candy is derived. The origi- 
nal Indian or Sanskrit word for sugar, sakkara, became 
shakar in Persian and the same word, variously modi- 
fied, appears in all the European languages. 


It is to the Arabs that we owe the introduction of 
the sugar cane to the nations of Europe. The Moham- 
medans, in their conquests of Persia and India, came 
early in contact with the sugar cane and introduced it to 
Palestine, Egypt, Sicily, North Africa, Spain, and other 
Mediterranean countries. In this way the Spaniards 
and Portuguese became familiar with the cultivation 
of sugar cane-and immediately after the discovery of 
America transplanted this crop to their colonies in the 
New World. Columbus in his second voyage, in 
1493, carried sugar cane from the Canaries to San Do- 
mingo. The manufacture of sugar spread rapidly to 
Porto Rico, Cuba, the West Indies, Mexico, Brazil, and 
all the other tropical countries of America. In Louisi- 
ana which has a semi-tropical climate, several unsuc- 
cessful attempts were made to introduce cane-sugar 
manufacture but it was not until 1794 (three centuries 
after the first cane was brought over by Columbus) 
that the industry was established on a successful basis. 

The processes of cane-sugar manufacture in the be- 
ginning were very primitive and wasteful, although the 
three essential stages of the process have continued 
unchanged through all the centuries. These stages 
are: first, the crushing of the stalks and expression of 
the juice; second, the evaporation of this juice; and 
third, the crystallization and separation of the sugar. 

One of the earliest illustrations of cane-sugar manu- 
facture which has come down to us is that of a factory 
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FIGURE 2.—CANE-SUGAR MANUFACTURE IN SICILY ABOUT 
1570 
From an old engraving by Filippo Galle of Harlem (1537- 
1612) reproducing a drawing by the painter Giovanni Stradano 
(Hans von der Straat) of Bruges (1536-1605). 









in Sicily about the year 1570. The sugar cane from 
the fields was cut into small pieces and then ground up 
by a water mill; the fibrous pulp was then squeezed 
out in a press and the juice evaporated in open pans 
over the fire. The thick, sirupy residue was then 
poured into conical molds where it was allowed to 
crystallize. The loaves of raw sugar thus made were 
shipped to Venice where they were made into refined 
sugar. 

The earliest mills for grinding the sugar cane con- 
sisted of a circular stone set upon its edge which was 
moved in a stone or concrete basin about a vertical 
axis by means of man or animal power. It is a type of 
mill still used in the Oriental and Mediterranean 
countries and was one of the first forms of cane mill 
to be used in tropical America during the period of 
colonization. 

The old vertical mill stone began to be abandoned 
in the sixteenth century in the more progressive sugar 
factories for the roller mill. These first rollers were 









































FIGURE 3.—STONE EDGE-RUNNER MILL NEAR Luxor, EGYPT 

This ancient type of mill is still used in the Mediterranean 
countries for crushing olives, fruit, and other agricultural 
products. 
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vertical, the horizontal rollers which are now employed 
not coming into general use until after the invention 
of the steam engine. The expressed juice was evapo- 
rated in open pans, the impurities which rose to the sur- 
face being removed by perforated skimmers as shown 
in Figure 5. The concentrated sirup, called the cooked 
mass, Or masse-cuite, was poured into conical molds 
where it hardened into the loaves that were shipped 
to Europe for refining. 

The early vertical-roll cane mills were cumbersome 
affairs. The cane had to be passed back and forth 
between the rollers by hand and at the very best not 
more than 60 per cent. of the cane juice was extracted, 
as compared with the modern cane mill which can re- 
move as high as 99 per cent. of the total sugar in the 
cane. It happened occasionally that a slave lost a 


- hand or arm by getting it caught in the rollers of these 


vertical mills. Notwithstanding their inefficiency they 
were a vast improvement over the old stone edge-runner 


mill. 





FiGuRE 4.—CANE-SUGAR MANUFACTURE IN BRAZIL OF ABOUT 
1630 


The cane was crushed under the vertical stone grinder 
which is being rotated by slaves. The expressed juice was 
evaporated in kettles and the concentrated sirup poured into 


jars where it crystallized. 
From an old Dutch engraving in the Bodel Nijenhuis Mu- 


seum of Leyden, Holland. 


In many countries of the American tropics windmills 
were used for operating the vertical cane rollers, and 
ruins of the stone towers of these mills can be found in 
nearly all the West Indian islands. These windmills 
are still used to some extent in Barbados for grinding 
sugar cane. The residue of cane fiber, called bagasse, 
after the juice was expressed, was spread out in the 
sun to dry, as seen in Figure 6, after which it was raked 
up into piles and used as a fuel for operating the factory. 
Bagasse still constitutes the bulk of the fuel used in tropi- 
cal cane-sugar factories. In out-of-the-way places in 
the tropics the visitor may find primitive sugar fac- 
tories such as this where the methods of manufacture 
have continued unchanged for three hundred years. 
A great revolution in the manufacture of sugar re- 
sulted from the invention of the steam engine. The 
introduction of this great labor-saving invention was, 
however, very gradual for many difficulties had to be 
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overcome. It was only after 1800 that the steam en- 
gine began to be used in colonial cane-sugar manufac- 
ture. Its introduction into Louisiana dates from about 
1820. These first engines were all of the vertical walk- 
ing-beam type, the horizontal steam engine not coming 
into use in cane-sugar manufacture until about 1830. 
The old vertical engines, however, were most excellent 
machines and continued to be used for many years. 
Some of them are doing valuable service even at the 
present time. 

The student of industrial chemistry will meet with 
many interesting historical observations upon visiting 
the abandoned cane-sugar factories of the American 
tropics. He can trace, as I have done, nearly the whole 
development of cane-sugar manufacture in the Western 
Hemisphere. There will be seen all types of cane mills, 
steam engines, and other mechanical equipment. 
Ruins of this character can be seen even in our own 
country as shown in the accompanying photograph 
(Figure 7) of a horizontal three-roller cane mill that 
was operated a hundred and more years ago at Port 
Orange, Florida. Although exposed to the weather 
for a hundred years the mill is still in excellent condi- 
tion; the rust-resisting property of its iron rollers has 
long attracted the attention of chemists and engineers. 

About fifty years ago a great revolution was intro- 
duced in the milling of sugar cane by increasing the 
extraction. This was accomplished; first, by subject- 
ing the cane to a preliminary crushing or shredding so as 
to reduce it to a better mechanical condition before ex- 
pression between the rollers; second, by increasing the 
pressure upon the mill rollers by hydraulic power; third, 
by letting the blanket of crushed cane pass through sev- 
eral sets of three-roller mills arranged in sequence; and 
fourth, by sprinkling the pressed blanket of bagasse 
from the first mill with water or dilute cane juice, the 
imbibed water being then squeezed out in the next 
mill and carrying with it more of the residual unex- 
tracted sugar. It was by this means that the extrac- 
tion of sugar from the cane has been increased, from 
the first feeble efforts when 50 per cent. or less of the 








FIGURE 5.—CANE-SUGAR MANUFACTURE IN BRAZIL OF ABOUT 
1647 
Both water-power and horse-power were used to operate the 
vertical roller mills. 
From an old Dutch engraving in the Bodel Nijenhuis Mu- 
seum of Leyden, Holland. 


juice was pressed out, to the present time when over 
99 per cent. of the total sugar in the cane can be ex- 
pressed by the best modern mills. The blanket of 
bagasse which leaves the last mill contains from 40 to 
50 per cent. of moisture and is conveyed directly to the 
boilers where by means of a special blast burner it 
furnishes the steam for operating the factory. 

It is thus seen that the development of the modern 
sugar-cane mill, the most expensive and most important 
part of the factory equipment, was of gradual growth. 
Many of the world’s greatest inventors have been at- 
tracted to make improvements in the sugar-cane mill. 
One of these was the steam cane press (Figure 8) of 
Henry Bessemer, the inventor of the famous Bessemer 
steel process. A steam engine operated a large fly- 
wheel which moved a powerful pressure block back and 
forth in a longitudinal steel box with tapering ends. 
The stalks of sugar cane were fed through openings into 
the top of this box and were immediately reduced to 
pulp by the rapidly moving pressure block. The ex- 
pressed juice escaped through openings in the sides and 
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FIGURE 6.— 
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BARBADOS WINDMILL 


WITH VERTICAL ROLLERS 


FOR GRINDING. 


Sucar CANE 





The crushed cane, or bagasse, is dried 
in the sun to supply fuel for evaporating, 
the juice. 
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Photograph by L. McD. Browne 
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FIGURE 7.—OLpD SUGAR-CANE MILL AT PORT ORANGE, FLORIDA 


The remains of the horizontal steam engine and ruins of the boiler house are at the right of the mill; the remains of the open- 
kettle evaporators are in the ruined building at the left of the road. 


bottom of the steel box, while the fiber, compressed into 
narrower and narrower space by the tapering walls of 
the pressure chamber, was finally eliminated at the 
ends. Although this cane press was never used, being 
faulty in principle, it has been stated that Bessemer 
regarded it as his greatest invention. Mr. Hyatt, the 
inventor of celluloid, also patented a cane mill which he 
once stated was his greatest invention although it 
came into no greater use than the cane press of Bes- 
semer. The history of industry and technology shows 
many examples of inventors who minimized the 
value of their greatest discoveries and magnified those 
of least account. 

The greatest loss in early cane-sugar manufacture, 
next to that of incomplete extraction, was the destruc- 
tion of sugar by inversion and caramelization, as a 
result of the high temperatures in the open-kettle evapo- 
rators. These evaporators, which were placed directly 
over a fire of burning bagasse, were usually arranged in 
a series of five kettles (Figure 9) of diminishing size. 
In the first or largest kettle the expressed cane juice 
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BESSEMER'S PATENT CANE PRESS. 











FIGURE 8.—BESSEMER’S SUGAR-CANE PRESS 


was heated to boiling with the addition of a little lime 
water and the coagulated impurities which rose to the 
surface were removed by skimmers. The partially 

















FIGURE 9.—TRAIN OF OPEN-KETTLE EVAPORATORS 


The first or largest kettle was placed next to the chimney 
and the smallest kettle over the hottest part of the fire. In 
Louisiana these kettles were designated by their French 
names, A being la grande, B le propre, C le flambeau, D le 
strop, and E la batterie. 


clarified juice was then ladled into the next smaller 
kettle where the evaporation was continued, any fur- 
ther scum of impurities being removed as before. The 
process of ladling, skimming, and evaporating was con- 
tinued in the other kettles, the final concentration being 
accomplished in the smallest kettle which was situated 
over the hottest part of the fire. The thick masse-cuite 
was then transferred from the last kettle to cooling vats 
where it was stirred with paddles to promote crystalliza- 
tion. 

The first important step toward preventing the de- 
struction of sugar by overheating in the open evaporat- 
ing kettles was the invention of the vacuum pan by 
the English sugar refiner, Howard, in 1813. By boiling 
the sugar solution in a closed apparatus, from which 
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the air had been pumped, the temperature of evapora- 
tion was greatly reduced; losses from inversion and 
caramelization were prevented, and a much whiter 
sugar was obtained. The efficiency of the vacuum 
pan was afterward increased by the addition of the 
condensing column, which was invented by Davis in 
1829. The condensing column consists simply of an 
upright pipe, some thirty-five feet or more in height. 
Cold water passing downward through the pipe con- 





Photograph by Robert Glenk,\Curator 
Ficure 10—Earty POLARISCOPE AND SUGAR-TESTING 
APPARATUS 


Used by Valcour Aime of St. James Parish, Louisiana, be- 
fore the Civil War, now belonging to the Louisiana State 
Museum of New Orleans. 


denses the vapors from the vacuum pan; this condensa- 
tion, aided by the barometric weight of the water 
column produces a high degree of vacuum. 

Another great invention, of about that time, was the 
multiple effect, devised by a native of New Orleans, 
a mulatto named Norbert Rillieux. He conceived 
the idea of evaporating sugar juice not in one but in 
several vessels, and of so 
connecting these that the 
hot steam from the evapo- 
rating solution in the first 
effect boiled the solution in 
the second, and the steam 
from the second effect boiled 
the solution in the third, 
and so on. By increasing 
the vacuums in the effects 
as the heating power of the 
steam diminished, it was 
found possible to boil off the 
water in a number of vessels 
by the heat which was sup- 
plied to the first unit of the 
series. The original patent 
of Rillieux, No. 4879, 
December 10, 1846, gives 
the following description: 
“A series of vacuum or par- 
tial-vacuum pans so com- 
bined together as to make 
use of vapor from the evapo- 
ration of the juice in the 
first to heat the juice in the 
second, and the vapor from 
this to heat the juice in 


FIGURE 12.— BATTERY OF CENTRIFUGALS IN A MODERN CANE- 
SUGAR FACTORY 





FiGuRE 11.—CLARIFYING PANS OF A CANE-SUGAR FACTORY 


Showing the scum of impurities upon the surface of the cane 
juice, after liming and heating. 


the third, which latter is in connection with a condenser, 
the pressure in each succeeding one being less.” The 
original evaporator of Rillieux was a triple effect and 
this is now probably the most common form of mul- 
tiple evaporator, although there are quadruple, quintu- 
ple, and even sextuple effects. Where more than three 
effects are joined, the juice in the first unit is usually 
boiled at, or slightly above, atmospheric pressure, in 
order to supply sufficient heat for carrying through to 
the last member of the series. 

Rillieux’s invention of the multiple effect is one of 
America’s greatest contributions to chemical tech- 
nology. His invention has brought so many benefits 
to the various branches of industrial chemistry that 
the hundredth anniversary 
of its announcement de- 
serves to be commemorated 
by the establishment of a 
suitable memorial. 

In 1835 the French physi- 
cist Biot invented the polari- 
scope, and no single piece 
of laboratory apparatus has 
done so much to advance the 
science of sugar manufac- 
ture. * It was possible, now, 
to determine sugar quickly 
and accurately and the foun- 
dation stone of chemical 
control in sugar manufac- 
ture was thus laid. The 
polariscope began to be used 
in the United States for 
sugar testing about 1842. 
The accompanying photo- 
graph (Figure 10) shows a 
polariscope and other early 
sugar-testing apparatus that: 
were used at the sugar fac- 
tory of Valcour Aime in 
Louisiana during the decade: 
preceding the Civil War. 
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FIGURE 13.— 








This apparatus can be seen in the Louisiana State 
Museum in New Orleans. 

It was in the mid-century period between 1840 and 
1860 that many important improvements were intro- 
duced into sugar manufacture. For the clarification of 
sugar-cane juices, lime and heat are the two agents 
which have been used from the early days of the indus- 
try. In the old method of clarification the insoluble 
impurities, that were thrown out upon boiling the 
limed juice, rose partly to the surface where they were 
removed by skimming and partly deposited where 
they were eliminated by settling. The accompanying 
photograph (Figure 11) of a series of clarifiers in a sugar 
factory shows the thick layer of scum upon the surface 
of the juice. The skimming and settling of the limed 
juices consumed much time and labor and these primi- 
tive methods were also accompanied by much loss of 
sugar. A great reform was, therefore, accomplished 
in 1853 when Needham invented the filter press, which 
made it possible for the first time to filter off the impuri- 
ties of clarified juices with neatness and dispatch. 
There is not time to trace the evolution of this invention, 


FicureE 14.— 
INTERIOR VIEW 


OF SuGAR Factory, 


“St. MartTIn,”’ CusBa, 


YEAR 1857 


EXTERIOR VIEW 


OF SuGAR Factory, 


““ACANA,” CUBA, 


YEAR 1857 


which plays so important a part in modern chemical 
industry. 

Another great improvement in sugar manufacture, 
introduced about this time, was the application of the 
centrifugal machine for removing the molasses or mother 
liquor from the magma of crystals after the sugar had 
grained. In the old days this was done by allowing the 
magma of crystals to drain in conical molds which had 
a small outlet at the point. The labor of handling 
these molds, the large amount of space which they oc- 
cupied, and the long period of time required for the 
drainage of the molasses involved large expenditures of 
capital. All this began to be simplified in 1843 when 
Hardman first applied the centrifugal to the purging of 
sugar. The first centrifugal machines rotated in rigid 
bearings, but in 1850 Henry Bessemer (whom we have 
previously mentioned for his cane press) introduced a 
centrifugal which was suspended from a ball and socket 
joint—a great improvement that has been handed down 
to the present time. 

It is thus seen that within the space of only a few 
years four great epoch-making inventions were intro- 
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FicureE 15.— 
INTERIOR OF 
SuGarR Factory, 


“La PoNINA,” CUBA, 


YEAR 1857 


‘ 


With ‘‘purging floor’ in the foreground 
and clarifying, evaporating, and crystalliz- 
ing equipment in the background. 


duced into sugar manufacture: the multiple effect 
evaporator, the polariscope, the filter press, and the 
centrifugal. To trace the historical development of 
these and the other appliances which are used in the 
modern sugar factory from their first origin down to 
the present time is a most fascinating study, but time 
is lacking to pursue this branch of the subject further. 

The processes of cane-sugar manufacture in the 
interesting decade between 1850 and 1860, when old 
methods were giving place to the new, are very well 
illustrated in the accompanying copies of four litho- 
graphs of Cuban factories published in 1857. 

The first picture (Figure 13) shows an exterior view 
of a model sugar factory and plantation of this period, 
with an old-style locomotive in the foreground, cane 
fields, extensive factory buildings with their smoking 
chimneys, lines of cane carts drawn by oxen, slaves at 
work spreading out the wet bagasse which after drying 
in the sun was raked into piles for burning under the 
boilers, and the large quadrangular building which 
was the slaves’ quarters. 

The next picture (Figure 14) gives a very extensive 
view of the interior of a large cane-sugar factory of eighty 


years ago, with its very orderly arrangement of equip- 
ment. At the left is the three-roller cane mill operated 
by a walking beam engine with enormous fly-wheel 
and cumbersome gear transmission. From this mill 
the juice was pumped into the adjacent battery of 
twelve clarifiers where lime was added, the juice heated, 
and the coagulated impurities removed by skimming 
and settling. The filter press does not appear in any 
of these pictures. The clear juice from the clarifiers 
(proceeding always toward the right of the picture) 
was next filtered through a battery of twenty-four 
bone-black filters which removed all the coloring 
matter. All the better equipped sugar factories of this 
period made white sugar for direct consumption and it 
is interesting to note that, after a long discontinuance 
of the practice, many tropical sugar factories are now 
returning to this procedure. The decolorized juice 
from the bone-char filters was next concentrated by 
letting it trickle down over the surface of the coils of 
twelve Cail evaporators which condensed the steam 
from the battery of six vacuum pans arranged along 
the middle of the sugar house. The Cail evaporator 
served a double function as condenser of steam from 


FIGURE 16.— 


INTERIOR OF 
SuGAR Factory, 


“‘ASUNCION,”’ CUBA, 


YEAR 1857 


Showing early type of Rillieux triple 
effect on the gallery, bone-char filters in 
the rear, and kiln for revivifying bone char 
at right. 
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the vacuum pans and as evaporator of juice. It helped 
to conserve heat and although a great improvement over 
the old-style fire-heated open kettles could not approach 
in efficiency the Rillieux multiple effect by which it 
was soon superseded. 

The sirupy juice from the open-coil evaporators was 
next concentrated in the vacuum pans to a thick stringy 
mass, called masse-cuite, which was run into large open 
coolers or trays (seen underneath the pan floor and at 
the right of the picture) where the sugar was allowed 
to crystallize. When crystallization was complete the 
magma of crystals and molasses was either spun out in 
centrifugals shown in the right foreground or else poured 
into molds which were placed on the “purging floor” 
which occupies the rear of the factory at the right. The 
molasses which drained away from the centrifugals and 
molds was usually fermented into rum. 

The next picture (Figure 15) gives a nearer view of 
the “purging floor’ of a Cuban sugar factory of this 
period. The molds after filling with the magma of 
sugar crystals from the cooling trays were wheeled by 
hand on a small truck to the ‘‘purging floor” and placed 
in small openings through which the adhering molasses 
trickled into tanks. The arrangement of the clarifiers, 
char-filters, Cail evaporators, vacuum pans, cooling 
floor, and centrifugals is similar to that of the previous 
picture. 


(Part II will appear in the July issue.) 
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The next picture (Figure 16) shows several very inter- 
esting features. At the left is the bagasse pit where the 
sun-dried bagasse was thrown by slaves from baskets into 
the fire-box underneath the boilers. On the gallery 
above is shown a new Rillieux triple-effect closed-coil 
vacuum evaporator which in this factory had replaced 
the open-coil evaporators shown in the previous pic- 
tures. Underneath this gallery at the rear is shown a 
battery of ten bone-char filters with a slave removing 
the spent bone black from one of the filters. At the 
right is a kiln for revivifying the spent bone black with 
two slaves filling the retorts. The receptacles in which 
the revivified bone black was delivered from the retorts, 
and where it was allowed to cool, are shown underneath 
the kilns and upon the floor of the factory. 

These four rare lithographic prints give an accurate 
picture of the state of the cane-sugar industry as it 
existed eighty years ago. Although there were many 
improvements yet to come in the construction of mills, 
in burning bagasse, in clarifying, filtering, and evapo- 
rating juices and in graining, crystallizing, and curing 
sugar, sugar manufacture at this period had reached a 
high state of development, vastly superior in the best 
factories to some of the primitive places which can still 
be seen today and comparing not too unfavorably in 
some of its features with the best factories of the 
present time. 





This paper is a review of the more recent and important 
developments in the chemistry of fluorine and 1ts com- 
pounds. The preparation and properties of elementary 
fluorine are described, and the chemical and physical 
properties of a number of the more volatile compounds are 
given, among which are the recently discovered fluorides 
of nitrogen, chlorine, and oxygen. Atomic and molecular 
structures are given where these are known with some 
certainty. 
++ oe ore + 

LUORINE is the most electronegative (1) and 

reactive element known, and it affords, because 

of its relatively simple atomic structure, interest- 
ing possibilities for correlating chemical properties 
with predictions based upon theories of the constitution 
of atoms. Even though few such predictions have been 
made, it is nevertheless desirable that the present 
meager knowledge of the chemistry of fluorine and its 
compounds be extended to a point where experimental 
material will be available for accurate and immediate 
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comparison. In presenting what seems to us the 
more important results of both experiment and theory 
we will include data obtained by the chemist, the 
physicist, and the spectroscopist, since all these fields 
must eventually be unified by an acceptable theory. 
None of the concepts involved in the two latter fields 
is as abstruse as may be supposed; their meaning is 
frequently hidden by the jargon used, as is all too often 
the case even in chemistry. 

The first reference to a fluorine compound, accord- 
ing to H. Kopp’s “‘Geschichte der Chemie,’ was in the 
latter part of the fifteenth century, when Basilius 
Valentinus referred to the colored fluorspar mineral as 
“fluores,” and Kopp (2) also states that H. Schwan- 
hardt etched glass with a mixture of fluorspar and 
sulfuric acid in 1670. Though Moissan (3) did not 
isolate the element until 1886, much work on the com- 
pounds of fluorine had been done previous to this time; 
Scheele’s work (4) in 1780 had left no doubt of the 
existence of the element. The present century has 
witnessed the most striking advances of all and, indeed, 
the current literature contains descriptions of com- 
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pounds hitherto thought impossible to prepare. There 
still remains much to be done in this interesting though 
dangerous field of chemistry. 

Fluorine occurs in nature (5) chiefly in the form of 
fluorspar, CaF2, and cryolite, NasAIFs; it is estimated 
(6) that the earth’s crust and atmosphere contain 0.03% 
fluorine and 0.19% chlorine. 


ELEMENTARY FLUORINE 


Production.—Moissan originally prepared gaseous 
fluorine by the electrolysis of solutions of potassium 
fluoride in liquid hydrogen fluoride, and this incon- 
venient method, requiring cooling of the solution to 
prevent evaporation of the liquid, was used until 1919. 
In that year Argo, Mathers, Humiston, and Anderson 
(7) introduced the use of molten potassium hydro- 
fluoride, KHF2, as an electrolyte, and their method, 
or its modification using KF(HF); as suggested by 
Lebeau and Damiens (8), is in most general use today. 
The hydrofluoride method, which is largely responsible 
for the present rapid development of the chemistry of 
fluorine, will be the one described here. 

A typical generator is shown in Figure 1. 

trically heated container, 
A, serves as a cathode f 
and is of Monel metal 
or copper; the use of 
Monel metal, introduced 
by Schumb and Gamble 
(9), seems to be an im- 
provement. The dia- 
phragm, B, of the same 
metal, is perforated with 
small holes to permit 
free passage of the elec- 
trolyte, and the bottom 
is usually closed to ex- 
clude hydrogen, though 
recent experiments in this 
laboratory indicate that 
the entire lower half of 
the diaphragm may be 
omitted. The anode, C, 
is of graphite (or nickel 
if KF(HF); is the elec- 
trolyte) and is insulated 
from the diaphragm with 
a plug of portland cement or a specially designed fiber 
packing gland. The thermometer, D, rests in mercury 
in a metal-encased glass tube. The fluorine escapes 
through the opening, E, to which tubing of copper or 
other suitable metal may be attached. 

During operation the generator is kept at 230° to 
270° if the hydrofluoride is the electrolyte or 70° to 
100° when KF(HF); is used, while a current of 10 to 20 
amperes at 20 to 10 volts is usually adequate for the 
electrolysis. It may be some time after starting the 
generator before fluorine production begins} since even 
the molten salts contain some water which must first be 
decomposed. Holding an unlighted Bunsen burner 


The elec- 
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Figure 1.—A TypicaL FLvo- 
RINE GENERATOR 
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near the outlet is the easiest way of determining if 
fluorine is being generated; fluorine will ignite the 
escaping gas with a sharp cracking noise. Wafting a 
small amount of the fluorine to the nose and observing 
the characteristic odor is another good test, but it 
must be borne in mind that fluorine can cause severe and 
dangerous burns. At all times great care must be 
taken to prevent any appreciable quantity of this gas 
from coming in contact with the body. 

Copper is by far the cheapest material for the con- 
struction of apparatus used in fluorine experimentation 
and it is not appreciably attacked at ordinary tem- 
peratures. Platinum is to be preferred whenever 
obtainable; quartz may sometimes be used at room 
temperatures if it is thoroughly dry. 

Properties.—Fluorine has an atomic number of nine, 
an atomic weight of 19.00, and only one known isotope. 
The normal state of the atom has the spectroscopic (10) 
designation 1s?2s*2p5 *Pj1,, In this notation the 
symbol 1s? indicates that the two innermost electrons, 
relatively near the nucleus as in helium, have the so- 
called ‘‘pendulum orbits’ and hence impart no angular 
momentum to the molecule; the 2s? designates two 
more electrons in a higher energy state moving in larger 
pendulum orbits; and the 2p assigns elliptical orbits 
to the five remaining electrons. The symbol *Pj1;, 
tells us that the spin of one of the five electrons is not 
paired with any other, and that its spin and orbital 
motion are combined to give the maximum magnetic 
moment. The nucleus also spins, and the fact that the 
spin quantum number has (as in hydrogen) the value 
1/, leads to the conclusion that ortho and para fluorine 
should exist, but as yet no experiments have been made 
to detect the two forms. The energy necessary to 
remove the outermost electron from the normal atom, 
the ionization potential (10), is 18.6 volt-electrons. 

When an electron is removed from a gaseous fluorine 
ion an energy of 4.27 volt-electrons (11) is required, 
and this electron affinity, greater than for any other 
element, indicates the large tendency of fluorine to 
form ions when it.comes in contact with a substance to 
which the outer electrons 
are not firmly bound. 
The radius of the fluoride 
ion in crystals (12) is 
1.36 A.U. (1A.U. = 10-8 
cm.). It is possible, by 
means of the quantum 
mechanics, to calculate 
the average electron dis- 
tribution for the negative 
fluorine ion as a function 
of the distance from the 
nucleus, and this is shown 
graphically in Figure 2. 
The black ball in the 
center represents mainly 
the two K electrons (1s?) 
and the shell outside of 
it the eight L electrons 














FiGuRE 2.—Cross SECTION OF 
FLUORIDE ION 


Showing average electron dis- 
tribution, as calculated by quan- 
tum mechanics and verified ex- 
perimentally by X-ray scattering. 
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(2s?2p*). The calculated distribution has been veri- 
fied by the results of X-ray scattering experiments. 

Gaseous fluorine is diatomic; the molecular diameter 
(that is, the average distance between the nuclei in the 
normal molecule) (13), is 1.29 A.U., and it requires 
63,300 calories per mol (14) (heat of dissociation) to 
break the electron-pair bond. The fundamental fre- 
quency of vibration of the molecule, w, is 1071.5 cm.~! 
and the moment of inertia, If, is 26.0 X 10-4° gram cm.? 
(13). The entropy of fluorine gas, calculated from 
these data, is 48.04 cal./deg. at 25° and one atmosphere. 

Fluorine gas in layers a meter thick is pale greenish 
yellow in color, the liquid is canary yellow, and the 
solid pale yellow, or, at lower temperatures, white. 
The solid melts (15) at —223°, and the liquid, whose 
density (16) is 1.14 at —200°, boils (17) at —182.2° 
as calculated from the vapor-pressure equation 


— 406.8 — 0.007785 T? 


logio Pum. = P + 8.3317. 





The critical temperature is —129°, and the critical 
pressure 55 atmospheres; the calculated heat of vapori- 
zation is 1540 calories per mol. 

Reactions.—Fluorine gas reacts vigorously with 
organic compounds, the alkali metals, the sulfur-group 
elements, and various other substances; compounds 
with every element of the periodic system, except the 
noble gases, are known. Strangely enough hydrogen 
and fluorine, when both are pure and dry, do not react 
even when exposed to the action of ultra-violet light 
(18). When fluorine attacks some metals (copper, 
silver, platinum, gold, magnesium, and Monel metal) 
the protective coating first formed prevents further 
action except at elevated temperatures, and this non- 
reactivity suggests that the gas might be compressed 
and stored in cylinders, greatly facilitating further 
research and possibly leading to commercial applica- 
tions. 

The action of fluorine on pure water and solutions is 
an extremely interesting chemical problem. which has 
been studied recently by Fichter and his co-workers 
(19). They found, in agreement with the results of 
previous investigators, that the reaction products are 
ozone, hydrogen peroxide, and hydrofluoric acid, but 
the results of their experiments do not preclude the 
possible presence of the recently reported oxyacid of 
fluorine in solution nor the newly discovered oxygen 
fluoride (g. v.) in the gaseous products, and Fichter 
himself suggests that highly oxidizing substances may 
be present. They also found that fluorine oxidizes 
solutions of potassium hydrosulfate to potassium per- 
oxysulfate (20), and were able to obtain good yields of 
the latter salt. The interesting feature of these reac- 
tions is the formation of a peroxide by chemical oxida- 
tion of bivalent oxygen, since all other methods (except 
electrolytic ones) depend on the reduction of oxygen 
gas. With solutions of potassium hydroxide Fichter 
found, among other things, peroxides and apparently 
potassium dioxide, which, formerly known as an 
“‘ozonate,” is now believed by Pauling to be KOs, the 
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oxygen to oxygen bond being intermediate between the 
normal oxygen-oxygen and peroxide bonds. The 
production of crystalline cobaltic sulfate by oxidation 
of the cobaltous salt in solution (217) was another of the 
many reactions studied by Fichter. 


HYDROGEN FLUORIDE 


Gas.—Some time ago, as the result of one obviously 
inadequate experiment (22) it was concluded that the 
molecular formula of hydrogen fluoride gas at room 
temperature was H2Fo, and no further experimental 
evidence has been adduced in support of this extremely 
common misconception. On the contrary, Simons 
and Hildebrand (23) have shown that the results of 
their vapor-pressure measurements by both dynamic 
and static methods, combined with the vapor-density 
determinations of Thorpe and Hamby (24), can be 
satisfactorily explained only on the basis of an equi- 
librium between (HF)s and HF. The equilibrium 
constant of the reaction, 

6HF = (HF), K = [(HF).]/[HF]® 


is given by the expression 
40,000 


i579 T 43.145. 





logio K = 


The existence of (HF)¢ is explained by the theory of the 
hydrogen ionic bond: since the 


F -=$§--F highly polar hydrogen fluoride 

H y contains hydrogen and fluorine 
/ \_ as ions, two negative fluorine 
J F ions may be held together by 
H a the positive hydrogen and a chain 
* / of alternate positive and negative 
~“H-T ions built up. When the chain 


finally becomes long enough 
(HF)., a closed ring, is formed 
(cf. Figure 3). 

Both thermochemical and spectroscopical studies 
have been made on diatomic hydrogen fluoride gas. 
The moment of inertia, Ij, is 1.3465 X 10-*° gram cm.?; 
the fundamental vibrational frequency, w5, is 3987 
em.~!; and the diameter is 0.9233 A.U. (25)—from 
these values the entropy as calculated by one of us is 
44.55 cal./deg. at 25° and one atmosphere. The heat 
of formation (26) is expressed by 1/2H2(g) + '/2F2(g) = 
HF(g) + 64,450 calories at 25°, and a simple calcula- 
tion using well-known thermodynamical principles 
gives —65,000 calories for the free energy of formation 
of HF gas at 25°, while the heat and free energy of 
formation, from hydrogen and fluorine, of the polym- 
erized (HF).s, are 233,350 calories and —371,100 
calories, respectively, at 25°. 

Liquid.—Liquid hydrogen fluoride boils (27) at 
19.54° and melts at —83°. The heat of fusion is 
1090 calories per mol, and the heat of vaporization 
of the liquid is 6150 calories per apparent mol in the 


FIGURE 3.—PRO- 
POSED STRUCTURE OF 
(HF), MoLecuLE 





gas phase. The vapor pressure is expressed by the 
equation 
—1315 
logio Pmm. = Tr S + 29; 











June, 1933 


the density of the liquid (28) by d = 1.0020 — 
0.0022625¢ + 0.000003125¢? from —75° to 4° and the 
surface tension by 


t 
c= 40.7(1 _ x3) 
dynes/cm. from —82° to 20°. The dielectric constant 
(29) of the liquid is given by the empirical equation 


107,830 _ 4.454 X 10° 
iE i 


1,78 





e = —251.5 + 


over the range —74° to 0°. In these formulas, as 
well as throughout this paper, ¢ and T refer to Centi- 
grade and absolute temperatures, respectively. The 
high dielectric canstant indicates that the liquid con- 
sists of long chains of molecules, which would have large 
electric moments, and this conclusion is borne out by 
the results of Simons and Bouknight’s surface tension 
studies. 

Investigations of various substances dissolved in 
liquid hydrogen fluoride have shown that salts such as 
potassium fluoride and silver fluoride are highly ionized 
in this solvent, and this is not surprising since the di- 
electric constant is so high (83.6 at 0°, as compared 
with 88 at 0° for water). Conductance experiments 
(30) show that some salts, potassium nitrate and 
potassium acetate, for instance, dissolve to form twice 
the normal number of ions. This may be explained by 
assuming the following reaction: 


KNO; + 2HF = K+ + H2NO;3t + 2F7- 
or, with potassium acetate: 
KC.H;0, + 2HF = Kt aL H2C2H302+ ~ 2F- 


Hydrogen fluoride is called by some a proton donor, 
since it gives up hydrogen ions readily to an anion as in 
the above reactions; but this is merely a statement 
and not an explanation. The fact that gaseous hydro- 
gen chloride, bromide, and iodide are only slightly 
soluble in liquid hydrogen fluoride, in spite of its high di- 
electric constant, has never been explained, and the 
problem offers interesting possibilities for further 
study. 

Aqueous Solutions—The statement often en- 
countered, that in aqueous solution hydrofluoric acid 
has the formula H2F2, is certainly not true. The acid 
is weak, the ionization proceeding according to the 


reactions 
HF — Ht + F- 
HF + F- — HF,~ 


and, so far as is known, these are the only molecular 
species present in solution; the equilibrium constant 
(31), (32) for the first reaction is 7.4 X 10‘ and that 
for the second is 4.7. The presence of much undis- 
sociated acid results in an appreciable vapor pressure 
of hydrogen fluoride gas above the solution, and recent 
measurements show that at low concentrations pur/Cur 
= 7.65 X 10-5, when the pressures are expressed in 
atmospheres and the concentrations in mols per thou- 
sand grams of water (33). This constant, the ionization 
constants, and the free energy of formation of diatomic 
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hydrogen fluoride gas may be used to calculate the 
normal electrode potential of fluorine, and it has the 
extraordinarily high value of —2.878 volts, the half-cell 
reaction being, of course, F~ = 1/2F2(g) + e-. 

The etching action of the gas, liquid, and solutions, 
and the value of the acid as an analytical reagent are 
well known, but the effect of all three forms on the body 
tissues, though often mentioned, has been frequently 
disregarded. The burns are not only painful but tend 
to increase in depth with time unless the affected areas 
are carefully treated or the flesh containing the acid 
actually removed. The action of the acid recalls the 
lines of Azuela, 


En la mediania del cuerpo 
Una daga me metio. 


Fredenhagen (34) recommends washing the burns with 
potassium hydroxide solution and then treating with 
magnesium oxide paste or magnesium sulfate solution. 

A great deal of value remains to be done; the 
electrode potential of fluorine could probably be 
measured in solutions of fluorides in liquid hydrogen 
fluoride, and by judicious choice of the other half-cell 
the results might be referred to aqueous solutions and 
compared with the value calculated above. The 
nature of the ion HF,~ deserves to be more thoroughly 
investigated. 


ANALYSIS 


A completely satisfactory procedure for the deter- 
mination of fluorine (35) has never been found, and the 
development of a precise and simple analytical method, 
applicable to both large and small amounts, and rela- 
tively insensitive to the presence of interfering sub- 
stances, would greatly facilitate the study of fluorine 
compounds. Recent work has shown some promise, 
but the problem is far from being solved. 

In all the gravimetric determinations it is essential 
that the fluorine be present in solution as an alkali salt. 
The older procedures involve precipitation of the 
fluoride as calcium fluoride, a convenient but not very 
precise method, since calcium fluoride is appreciably 
soluble. The precipitation as lanthanum fluoride 
(36) seems to be the best qualitative test for fluoride 
ion, but the quantitative determination is precise only 
for small amounts (40 mg. or less), as is also the case 
with the more common lead chlorofluoride, PbCIF, 
precipitation (35). The recently described triphenyl 
tin precipitation (37) is quick and simple, but is ap- 
plicable only to small quantities and requires an un- 
common and expensive reagent. The methods in- 
volving the evolution and subsequent estimation of 
silicon tetrafluoride are fairly precise but complicated 
and tedious. 

The volumetric methods include titration with ferric 
chloride (38) (based on the formation of the colorless 
complex FeFs—-~ ion), and titration with thorium 
nitrate (39) in which thiocyanate is used as indicator 
in the first case and a zirconium-alizarin mixture in the 
latter. In the titrations with cerous nitrate solution 
the endpoint has been determined with methyl red or 
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ampho magenta indicators (40) or electrometrically 
(41), and in one procedure excess cerous nitrate is 
added and the excess oxidized with standard per- 
manganate (40). The use of thorium and cerous ni- 
trates depends on the insolubility of the corresponding 
fluorides. A colorimetric method based on the de- 
colorization of peroxytitanic acid has been used for 
some time. All these methods are subject either to 
bad effects of interfering substances or to lack of sharp- 
ness of the endpoint. 


FLUORIDES OF CARBON, SILICON, AND PHOSPHORUS 


The fluorides of carbon, silicon, and phosphorus are of 
interest because of the existence and nature of com- 
pounds containing both fluorine and chlorine. One of 
these, CCl.F2, has found commercial use as a refrigerant 
(42); it is non-toxic and non-inflammable, and is pre- 
pared commercially by treating carbon tetrachloride 
with antimony trifluoride, using antimony penta- 
chloride as a catalyst. The carbon compounds are 
unaffected by water under ordinary conditions. The 
compound PCl.F; is formed rapidly when phosphorus 
trifluoride and chlorine gases are mixed, and since the 
reaction involves a simple addition the study of its 
rate might prove interesting. 

The series of compounds CF,, CCIF;, CClFs, 
CCl;F, and CCl, provide an excellent example of the 
effect of symmetry on the melting point. In Figure 4 
it is seen that the boiling points for the series vary 


CF, CCIF, CCLF, CCLE 
100° | } | 


CCl 





Boiling- 
point 
curve 
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Ficure{4.—CurvVES OF THE MELTING AND BOILING 

Pornts oF CF, CCIF;, CChF2:, CCF, ann CCl 
PLOTTED AGAINST THEIR MOLECULAR WEIGHTS 


Showing the effect of the symmetry of the molecule on 
the melting point. 
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almost linearly with the molecular weight and it might 
be expected that the melting points would show the 
same regularity. On the contrary the melting points 
of the mixed halides lie considerably below the straight 
line joining the points for CF, and CCl. The sym- 
metry number of both CF, and CC, is 12, that for 
CCF and CCIF; is 3, and that for CCl.Feis 2. From 
the figure it is evident that the lower the symmetry 
number of the molecule the greater is the deviation of 
the melting point from the value given by the straight 
line; thus decreasing symmetry decreases the melting 
point. This effect of symmetry, long known to 
organic chemists, still lacks a satisfying theoretical 
explanation. Qualitatively we may say that a mole- 
cule of symmetry number o may attach itself to the 
crystal in o different orientations, and if the number of 
orientations is small the molecule finds it difficult to 
enter the crystal lattice, and consequently the melting 
point is lower than would be the case with a molecule 
of higher symmetry. The effects of the chlorine and 
fluorine atoms on the symmetry, vibrational states, and 
Raman spectra of all these mixed halides have not 
been thoroughly worked out. Table 1 summarizes the 
physical constants of this group of compounds, the 
arsenic and antimony fluorides being included because 
of their extensive use in the preparation of the mixed 


chlorofluorides. 
TABLE 1 
FLUORIDES OF THE FOURTH AND FIFTH GROUPS 

CF, CoFs CoFs 
—183.6 —142.5 —100.5 
—127.8 -— 76.3 — 78.1 
2947 4262 4005 
CChF: CCLF CoFiBr 
— 160 -111 —111.5 
— 28 24.1 47.6 
4740 6330 7166 

SiFy SieFs SiCIFs 
-—- 90.2 — 18.7 —138 
— 95.7* — 19.1 — 70.0 
6160t 6300 4470 5080 
SiClF PF; PFs PChkFs3 
—160 — 83 - 8 
— 95 — 75 

AsFs SbFs3 SbFs 
— 79.8 292 7 
— 52.8 319 150 
5000 


CCIF; 
—181 
— 80 

3560 


CNF 


Melting Point, °C. 
Boiling Point, °C. 
Heat of Vaporization 


Melting Point, °C. 
Boiling Point, °C. 
Heat of Vaporization 


— 72* 
7000t 


SiChkFe 


—144 


Melting Point, °C. 
— 31.7 


Boiling Point, °C. 
Heat of Vaporization 


Melting Point, °C. 
Boiling Point, °C. 12.2 
AsFs3 


Melting Point, °C. —- 8.5 
Boiling Point, °C. 63 
Heat of Vaporization 


* Subliming point. 

¢ Heat of sublimation. 

It is of interest to note that hexafluorodisilane 
hydrolyzes in water with 
the formation of hy- 
drogen, silicic acid, and 
fluosilicic acid (43) while 
the fluorides and chloro- 
fluorides of silicon, phos- 
phorus, arsenic, and anti- 
mony yield the oxyacids 
and fluoacids when the 
latter exist. Phosphorus 
pentafluoride has been 
studied by the electron 
diffraction method (44) 


FIGURE 5.—-STRUCTURE OF 
PHOSPHORUS PENTAFLUORIDE 
MOLECULE AS DETERMINED BY 
ELECTRON DIFFRACTION Ex- 

PERIMENTS 
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and the molecule found to have the configuration pic- 
tured in Figure 5. 

Silver fluoride, a soft, wax-like substance, extremely 
soluble in water, has found applications (45) in the 
substitution of fluorine for chlorine in organic com- 
pounds; silver sub-fluoride, AgeF, is bronze-colored, 
and in the crystal lattice two planes consisting of silver 
atoms only are followed by a plane containing only 
fluorine atoms, this pattern being repeated throughout 
the crystal. 


FLUORIDES OF OSMIUM, RHENIUM, AND THE 
SULFUR-GROUP ELEMENTS 


One of the most striking compounds of fluorine is the 
octafluoride of osmiium (46), OsFs, a solid which melts at 
34.4° and boils at 47.5°. Here osmium has a coérdina- 
tion number of eight, and since fluorine is so strongly 
electronegative the bonds are doubtless of the ionic 
type—osmium is present as a highly charged ion! 

Rhenium hexafluoride, ReFs, is the only fluoride of 
rhenium as yet prepared (47) though doubtless others 
exist; it is a pale yellow solid, melting at 25.6° and is 
very reactive toward glass. Since rhenium shows a 
stable valence of seven in the perrhenates (KReQ,), 
it may be possible to prepare ReF;, or its salts, as 
KReFs. In this latter substance rhenium would have 
a coordination number of eight just as osmium has in 
the octafluoride, and since the two elements are similar 
in nature and occupy adjacent positions in the periodic 
system we might expect them to show the same co- 
ordination number. 

The hexafluorides of the sulfur-group elements (48) 
are all gases at ordinary 
temperatures and sub- 
lime before they melt. 
Electron diffraction ex- 
periments (49) show that 
the molecules are very 
symmetrical, with the 
sulfur, selenium, or tel- 
lurium atom at the center 
of a regular octahedron 
and the fluorine atoms at 
the corners, as shown in 
Figure 6. The distances 
from the center to the 
fluorine atoms are: S-F, 
1.58 A.U.; Se-F, 1.70 
A.U.; Te-F, 1.84 A.U.; and bond energy calculations 
indicate that the binding is preponderantly of the ionic 
type. (Figure 6.) 

An approximate value for the free energy of forma- 
tion of sulfur hexafluoride, — 235,000 calories, has been 
calculated, and by combining it with other known data 
it may be shown that the compound has a strong ten- 
dency to dissolve in water with the formation of sul- 
furic and hydrofluoric acids. But actually neither sul- 
fur hexafluoride nor selenium hexafluoride reacts with 
water at ordinary temperatures. It is safe to say, 
however, that appreciable hydrolysis would take place 


SULFUR, SELENIUM, OR TELLU- 

RIUM HEXAFLUORIDE, AS DETER- 

MINED BY ELECTRON DIFFRAC- 
TION EXPERIMENTS 


in the course of a very long time. Tellurium hexa- 
fluoride does react slowly with water, forming besides 
the telluric and hydrofluoric acids, one or more complex 
substances of unknown composition. In Table 2 are 
presented the physical constants of the fluorides of the 
sulfur group elements. 


TABLE 2 
FLUORIDES OF SULFUR, SELENIUM, AND TELLURIUM 


SeF2 SF; SFs SeF; SeFs TeFs Te2Fs (?) 


Melting Point, 
%¢ 


—105.5 —124 -50.8 -13 -—34.6 -37.8 —14 (?) 


Boiling Point, 
bel 


— 99 — 40 —63.8* 93 -—46.6* —38.9* 60 (? 
Heat of Va- 
porization, 

cal./mol 
Heat of For- 
mation, cal./ 


mol 262,000 


5180 5640f 6600t  6740t 


246,000 315,000 


* Subliming point. 
t Heat of sublimation. 


The hexafluorides are prepared by treating the ele- 
mentary substances with fluorine gas. Sulfur tetra- 
fluoride (50) results from the reaction between sulfur 
and cobaltic fluoride, and the monofluoride, S.F2, (51) 
is obtained by heating mixtures of sulfur and silver 
fluoride. The lower fluorides are readily hydrolyzed 
by water, and attack glass with the formation of silicon 
tetrafluoride. 


THE FLUORIDES AND OXYFLUORIDES OF NITROGEN 


All efforts to make elementary nitrogen and fluorine 
combine have met with failure, and it was not until 
1928 that Ruff (52), by the electrolysis of molten am- 
monium hydrofluoride prepared the gas, nitrogen 
trifluoride. Later he showed that it was formed by 
the reaction of ammonia with fluorine (53). The 
chloride and iodide of nitrogen are dangerously 
explosive, but nitrogen trifluoride is a stable substance 
with a heat of formation (54) of 26,000 calories; it 
is colorless, does not react with hydrogen (except in an 
electrical discharge) or hydrolyze with water. When 
impure the gas is poisonous (55) but pure NF;-air 
mixtures containing up to 1% are not dangerous for 
short periods. Ruff (56) has also prepared the more 
reactive gases NHF; and NH:F, and in the ammonia- 
fluorine reaction small amounts of a compound whose 
apparent formula is NF» is fornied. This formula is 
not certain, however, and should not be so regarded 
until thorough study establishes the facts. 

The oxyfluorides NO2F and NOF are colorless gases 
(57), more stable than their analogs, the recently dis- 
covered NO,Cl and the familiar NOCI. Nitroxyl 
fluoride dissolves in water with the formation of 
nitric and hydrofluoric acids, and the nitrosyl com- 
pound hydrolyzes to give nitrous and nitric acids, 
nitric oxide, and hydrofluoric acid. The physical 


TABLE 3 
NITROGEN FLUORIDES AND OXYFLUORIDES 
NF? (?) NF; NHF: NH2F NOF 
—216.6 —125 — 132.5 
—129.0 — 65 — 59.9 


NOoF 
— 166 


Melting Point, °C. 
— 72.4 


Boiling Point, °C. 
Heat of Vaporization, 
cal./mol 


—125 = 


2876 4607 4315 
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constants of this group of compounds are given in 
Table 3. 
THE HALOGEN FLUORIDES 


Chlorine fluoride, CIF, was recently discovered and 
prepared by Ruff (58), although previous efforts to 
prepare it had been made. It is an almost colorless 
gas with a heat of formation (59) of 27,880 calories, 
and is produced by the interaction of chlorine and 
fluorine. The reaction starts at about 250° with an 
evolution of heat and light; the faint flame observed 
is an indication that the gases burn in each other. 
It attacks some substances (boron, soot) more vigor- 
ously and others (quartz, sulfur) less vigorously than 
does fluorine, and reacts with glass to give, among other 
things, chlorine dioxide. Spectroscopic determina- 
tions of the heat of dissociation and moment of inertia 
have not been made and would be of value for the 
calculation of the free energy, and entropy [which is 
doubtless about 53 cal./deg. (67)]. Chlorine tri- 
fluoride (60) has also been prepared by Ruff (1930), 
and is a practically colorless gas which condenses to a 
light green liquid at 11.3°. The compound is very 
reactive toward most oxidizable substances. 

Although it has long been known that fluorine unites 
readily with iodine to form the pentafluoride, it was 
not until 1930 that Ruff discovered the heptafluoride 
(61). When fluorine and iodine pentafluoride are 
heated together at above 200° the heptafluoride is 
formed in accordance with the reversible reaction: 


IF; + F. = IF:. 


With increasing temperature more heptafluoride is 
formed, but the gas is very reactive and attacks the 
platinum container at temperatures above 270°. This 
interesting compound, IF;, in which the binding is 
doubtless largely ionic, has iodine with a principal 
valence and codrdination number of seven, and further 
investigations of its properties and molecular structure 
would be well worth while. In Table 4 the various 
physical properties of the halogen fluorides are col- 


lected. 
TABLE 4 
THE HALOGEN FLUORIDES 
CIF CIF; BrF; 


—154 —83 8.8 
—100.8 11.3 135 


BrFs_ IFs IF7 


-61.3 8 6 


Melting Point, °C. 
40.5 97 4.5 


Boiling Point, °C. 
Heat of Vaporization, 


cal./mol 4800 5900 7443 7330* 


* Heat of sublimation. 


With the exception of bromine trifluoride, which is a 
greenish yellow liquid, all of these fluorides in the form 
stable at room temperature are colorless, and they all 
hydrolyze readily when mixed with water or water 
vapor. Iodine heptafluoride yields periodic and hydro- 
fluoric acids on hydrolysis, while the pentafluorides of 
iodine and bromine yield, of course, iodic and bromic 
acids. 

OXYGEN FLUORIDE 


It is noteworthy that Moissan, in 1900, believed 
that an oxygen-fluorine compound resulted when water 
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was treated with an excess of fluorine (62), but the 
existence of such a substance was not definitely es- 
tablished until recently. In 1927 Lebeau and Damiens 
(63) observed the formation of oxygen fluoride, OF», 
when fused potassium hydrofluoride containing a little 
water was electrolyzed, and in 1928 they prepared it by 
passing fluorine into a 2% sodium hydroxide solution 
(64). This latter method is the easiest way to prepare 
oxygen fluoride, and although .the product is con- 
taminated with about an equal part of oxygen a number 
of interesting experiments can be made with the mix- 
ture. Ruff and his co-workers (65) have succeeded, 
by fractional distillation at liquid-air temperatures, 
in isolating appreciable amounts of the compound in 
the pure state, and in measuring various physical 
properties. Pure, it is a colorless gas at ordinary tem- 
peratures, condensing to an intensively yellow-colored 
liquid which boils at --144.8°. When cooled with 
liquid hydrogen, oxygen fluoride solidifies, and the 
solid has the lowest melting point, —223.8°, of any 
known compound. The heat of vaporization of the 
liquid is 2508 calories. 

Chemically, oxygen fluoride is not very reactive, 
and it can be stored over water or mercury for short 
periods of time. It dissolves to some extent in water, 
and the aqueous solutions will oxidize iodide ion to 
iodine fairly rapidly, while the reaction with bromide 
and chloride ions proceeds slowly. Fresh solutions 
may be freed from the dissolved gas by displacing it 
with air or other inactive gas, but in time the dissolved 
oxygen fluoride decomposes to form oxygen, hydro- 
fluoric acid, and some other compound or compounds 
of fluorine which cannot be displaced by air. These 
undisplaced compounds have the power to oxidize 
iodide ion, yet do not give a positive test for peroxides. 
Inasmuch as Dennis and Rochow (66) believe that 
salts of fluoric acid, HFO3:, result from the action of 
fluorine on cold alkali solutions it would appear likely 
that fluorates or perfluorates result from the decom- 
position of the aqueous solutions of oxygen fluoride. 
The heat of formation of gaseous oxygen fluoride is 
—9000 calories, 7. e., the reaction is endothermic, and 
it is very probable that its free energy, when deter- 
mined, will show that the substance is unstable with 
respect to the decomposition into oxygen and fluorine. 
We would have then a relatively unreactive compound 
which is a better oxidizing agent than fluorine. 

To the inorganic chemist the reactions of oxygen 
fluoride, both as a gas and in solution, offer many 
important and interesting problems. 
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ALCHEMICAL MANUSCRIPTS IN AMERICA 


A descriptive catalog of alchemical manuscripts in the United States and Canada has recently been undertaken by the Library 


of Congress in codperation with the American Council of Learned Societies. 


It is the intention to describe with considerable 


fullness all pertinent items in Latin or Greek and also (if they do not prove embarrassingly numeréus) in the vernacular 


languages of Europe. 


The Census of Medieval and Renaissance Manuscripts in the United States and Canada, 


prepared under the same auspices and now in the press, lists some 25 manuscripts on the subject, but these 
are all prior to the year 1600. For the present purpose there is no time limit; hand-written treatises on 
alchemy of even the present century, if such exist, may be included. Any one who can give informa- 
tion regarding the location of alchemical manuscripts in this country is urged to communicate 
with W. J. Wilson, Director of Project E, Manuscript Division, Library of Congress. 





SYMPOSIUM ON NOTEBOOKS 


Papers contributed to the symposium on “Laboratory Notebooks, Records, and Reports,” conducted by the Division of 
Chemical Education at the Washington, meeting of the American Chemical Society, March 29, 1933, together 
with a record of the general discussion, prepared by Secretary Norris W. Rakestraw, will appear in the 
July number of the JourNAL. 





The MALE HORMONE 


BENJAMIN HARROW 


The City College of the College of the City of New York 


AnD CASIMIR FUNK 


Casa Biochemica, Rueil-Malmaison, France 


This article gives a review of the work done in the last 
few years in identifying a hormone connected with the 
male reproductive process. Methods for the extraction of 
the hormone, methods of identifying it, and a discussion 
of the chemistry of the hormone, in so far as it 1s known 
at present, are included. A carefully selected bibliog- 
raphy is appended. 


+++ + oe + 


ITHIN the last few years several investigators 
have succeeded in obtaining an extract which 
controls the secondary sexual characters in 

the male—“‘‘internal, such as the accessory reproductive 
organs, and external, such as some horn growth and 
the growth of the cock’s comb” (20). So much is 
definite, but beyond this we cannot go, unless we are 
willing to enter the region where fact and fancy blend 
into one another. Nor are we in a position to draw 


any definite conclusions at this stage as to the avail- 


ability of this hormone for clinical purposes. That it 
may have some uses in treating human beings has been 
suggested (60), (63), but it is too early to pass final 
judgment. The tendency at present is to regard this 
hormone as but one of several factors which play their 
part in the regulation of the normal reproductive proc- 
ess. Undoubtedly, the anterior (sex) pituitary must 
be considered as one other factor to be reckoned with. 
[See, for example (51), (58).] 

As late as 1927 an author reviewing the subject 
wrote: ‘Die Bemiuhungen zur Darstellung des Hor- 
mons, welches dem mannlichen Organismus die sekun- 
daren Geschlechtsmerkmale verletht, sind bis jetzt kaum 
weiter gediehen als zur Zeit Brown-Séquards”’ (52). The 
situation seemed little clearer to authors two years 
later (1), (2). The Brown-Séquard mentioned here 
published a paper in 1889 (53) in which he recorded 
the extraordinary effects on himself of the injection of 
aqueous extracts of dog and guinea-pig testes. [See 
also (54).] These results have not been substan- 
tiated. But it must be admitted that, beginning with 
Berthold in 1849 and ending with Steinach in our own 
day, a number of earnest workers paved the way for 
the more positive results of recent work.* 

The many conflicting results and the many failures 
are at once understandable when we remember that 
for a long time no dependable test method was at hand. 
This difficulty was overcome with Pézard’s discovery 
that the capon could be used as a test object (55). He 


* For a review of the earlier literature see (54) and (47). 


claimed that the injection of the equivalent of ‘‘one- 
tenth of a cryptorchid hog testis’’ caused an increase 
in size of the comb and wattles of the capon. The lack 
of details in his paper makes it well-nigh impossible to 
repeat and confirm his claims. But one thing remains 
certain: the comb growth in capons can be used as a 
test object, as the Chicago group (McGee, Koch, Moore, 
Gallagher), Funk and Harrow, and others have re- 
cently shown. 
TEST METHODS 

While the capon test is the one which finds most favor 
at present, and apparently the one which more nearly 
approaches the stage of yielding dependable quantita- 
tive data, other tests are also available. We owe to 
Moore more than to any other the careful study of these 
various “indicator methods,” among which are the 
spermatozoén motility test (guinea pig) (22), (25), 
(26), (28); the electric ejaculation test (guinea pig) 
(22), (40); the prostate cytology test (rat) (22), (30); 
the seminal vesicle test (rat) (22), (38), (42), (4), (5), 
(13), (51), (59); the vas deferens (rat) (42); and the 
Cowper’s gland (rat and guinea pig) (43). For those 
interested in these various tests the original papers must 
be consulted. We shall confine ourselves to the comb 
growth test in the capon. 

In many of our own experiments (33), the cocks were 
castrated when they were two months old. The 
method of measurement consisted in measuring the 
distance from the highest point to the base line, 
the vertical line being measured at right angles to the 
base line. We confined ourselves, in other words, to 
height measurements. Koch and his co-workers take 
into consideration both the length and the height of 
the comb. They measure the total length of the blade 
from the anterior end to the posterior tip, and the 
height is obtained by measuring one selected point, 
such as the barble most directly under the eye. The 
product of the length by the height (LH) is taken as 
an expression of comb size (24). Dodds and his co- 
workers measure merely the length of the comb (13). 
Freud (12), (18) favors a planimetric method of meas- 
urement: the combs are laid upon photographic paper 
and exposed to light for a short time; after which the 
surface of the comb is determined by planimetric meas- 
urement of the silhouette. A potent extract from the 
testes or from urine will cause a rapid comb growth in 
from four to five days and a very marked improvement 
in the general appearance of the bird. At the end of 
four weeks or so the treated and control birds are not 
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easily distinguished. Should the injections be stopped, 
the head furnishings regress; and in four to six weeks 
the capon resembles the bird before treatment. De- 
pending upon the method of preparation, the daily 
injection of extracts obtained from 50 to 100 g. of 
testicular tissue or from 75 to 250 cc. of male urine is 
needed to produce the desired effects. 

The “cock unit’’ which we adopted (33) is the amount 
of male hormone which, when injected, will increase the 
size of comb and wattles to the extent of 10 mm. in 
ten days. For each test six animals are used and the 
average taken. Koch and Gallagher (50) define their 
bird unit as the amount of hormone which, when in- 
jected intramuscularly for five days, causes an average 
of 5 mm. in the sum of the increase in length and height 
of the comb of at least five brown leghorn capons. 
Comparative studies with different ‘‘indicator methods” 
have led Moore and Gallagher (48) to reach the fol- 
lowing conclusions: the minimal effective dose for 
the spermatozoén motility test is approximately 0.07 
bird unit (as defined by Koch and Gallagher); for 
the prostate test, 0.10 bird unit; for the seminal vesicle, 
Cowper’s gland, and vas deferens test, 0.40 bird unit; 
and for the electric ejaculation test, 1 to 1.5 bird units. 
The minimal effective dose on the bird in five days is 
0.5 to 0.7 bird unit. The “rat unit,’’ or the amount 
of active substance required to maintain the normal 
condition in castrated rats when injected daily for a 
twenty-day period, is 6 bird units. 


SOURCES 


Active extracts have been prepared from mammal 
testes (bull, boar, ram, goat), from male urine, from 
the blood of males, from the testicles of fetal calves, 
from the urine of pregnant and non-pregnant women, 
and from the blossoms of the pussy willow (20), (61), 
(62). The most convenient source is undoubtedly 
urine. But it has been shown that the male hormone 
is practically absent in the urine of boys under ten years 
of age and present in very small quantities in the urine 
of men of sixty and above (31), (32), (33), (44), (47), 
(62). 

METHODS OF PREPARATION 

For the time being we shall confine ourselves to 
methods which yield active preparations in sufficient 
purity so that they can be injected without any toxic 
effects. 

From Testes. We select the method of Koch and his 
co-workers (36), (27), (47). The testes, after being 
freed from epididymides and tunics, are finely hashed 
and extracted for three or four days at room tempera- 
ture with from three to four volumes of 95 per cent. 
alcohol. The alcoholic solution obtained is concen- 
trated under diminished pressure until an aqueous 
emulsion or suspension of lipins is obtained. ‘This is 
then repeatedly shaken with equal volumes of benzene 
and the combined benzene extracts evaporated under 
diminished pressure. The resulting lipin mixture is 
next dissolved in acetone and cooled to 10°C. The 
clear acetone solution is separated from the inert pre- 
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cipitate and again evaporated under diminished pres- 
sure. This can now be taken up with ether, the ether 
evaporated, and the residue dissolved in olive oil. 
The material is ready for injection. If a purer 
product is desired, the acetone-soluble material may 
be treated as follows. 

In a particular experiment, 36 g. of the acetone- 
soluble material, obtained as just outlined, was next 
dissolved in 175 cc. of hexane and shaken with 125 
cc. of 70 per cent. alcohol. The 70 per cent. alcohol 
layer was washed five times with hexane. The total 
hexane-soluble material was then re-extracted twice 
with 75 cc. of 70 per cent. alcohol, and in each case 
the alcohol layer was washed five times with fresh 
hexane. The 70 per cent. alcohol-soluble material 
after removal of the alcohol was transferred to ether 
and shaken with 10 cc. of 10 per cent. sodium hydroxide. 
The sodium hydroxide solution was washed five times 
with fresh portions of ether and the ether solution 
shaken repeatedly with water. The ether-soluble 
material is finally taken, the ether removed, and the 
residue dissolved in olive oil. 

Various modifications of this procedure may be 
found in the following papers—(37), (13), (11); though 
it should be stated that in none of them are the de- 
scriptions so detailed and so explicit as in the articles 
by Koch and his collaborators. 

From Urine. It is, of course, possible to apply the 
same principles to the extraction of the male hormone 
from urine. [See, for example, (62).] However, the 
following method, which we elaborated (56), (35), 
(33), is simple and efficient. The urine (which may be 
collected and stored in bottles containing enough hydro- 
chloric acid to prevent alkaline fermentation) is acidi- 
fied to Congo red, if necessary, then strongly acidified 
(40 cc. of concentrated hydrochloric acid per liter of 
urine) and extracted with chloroform under reflux’ for 
eight hours, using the temperature of the steam bath. 
Two liters of chloroform are used for every ten liters 
of urine. The product is cooled and most of the upper 
(watery) layer is carefully poured off. The residue is 
transferred to a separatory funnel, stirred, and allowed 
to stand for a little while. The chloroform layer is 
now drawn off. The emulsion,in between the chloro- 
form layer and the residual urine is next drawn off, 
filtered through several fluted filters, and washed with 
a little chloroform. The filtrate is again separated in 
a separatory funnel, the chloroform fraction drawn 
off and added to the main chloroform portion. The 
chloroform extracts are evaporated, first by distillation 
on a water bath, and finally by distillation im vacuo, 
to remove the last traces of the solvent. The residue 
is next heated under reflux with sodium hydroxide for 
two hours. (For 30 liters of urine we use 10 g. of 
sodium hydroxide dissolved in 50 cc. of water.) The 
residue is extracted repeatedly (six to eight times) with 
ether, the ether evaporated, and the final residue taken 
up in oil. 

Modifications of this procedure may be found in the 
following papers—(13), (9), (11), (41); but again it 
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must be confessed that the lack of detail in them is 
somewhat disconcerting. 

It should be stated that administering the extract 
by mouth, even in tenfold doses, produces little, if any, 
effect (33), (47). The best results are obtained by 
subcutaneous or intramuscular injections. 


PROPERTIES 


Like the female hormone, the male hormone is sol- 
uble in fat solvents (ether, chloroform, acetone, ben- 
zene, etc.); and indeed, up to a certain point, the 
method of extraction of the two hormones may be 
quite similar. However—and this principle can be 
used for the separation of the two—after saponification 
with sodium hydroxide the male hormone can be ex- 
tracted with ether, whereas in the case of the female 
hormone it is necessary first to acidify the saponified 
material and then to extract with ether (35), (17). 
Whereas the female hormone shows acidic character- 
istics, the male hormone is neutral in reaction, being 
insoluble in alkali. 

The hormone is relatively heat-stable (for example, 
little destruction occurs by sterilizing the extract at 15 
pounds pressure and 110°C.), and resistant to the action 
of acids and alkalis in moderate concentrations. It is 
very difficultly soluble in water. 

Pepsin and trypsin destroy the active factor (13). 

A benzene solution of the male hormone can be 
washed with strong acids and alkalis, and the active 
substance can be extracted from a 50 per cent. alcohol- 
water solution with light petroleum. -After such puri- 
fication and careful drying, the hormone can be dis- 
tilled in high vacuum. [See also (36).] 


THE CHEMICAL COMPOSITION OF THE HORMONE 


A recent publication by Butenandt (19) leads to the 
belief that this talented chemist has actually isolated 
the male hormone in a chemically pure form. Un- 
fortunately, at the time of writing (February, 1933), 
no experimental details of the work are available be- 
yond the substance of an address (19), but from it we 
may gather the following information. 

Using the capon as the test animal and Freud’s 
planimetric method of measurement (12), (18), Bute- 
nandt first obtained active extracts from the urine by 
employing the Funk and Harrow procedure. The next 
step, somewhat vague in the description, will best be 
given in Butenandt’s words: ‘Dieses Rohdl lefert 
nach wiederholter Hydrolyse eine gereinigte Neutralfrac- 
tion, aus der sich durch Entmischen mit organischen 
Lésungsmitteln und wassrigen Alkohol eine alkohollésliche 
Charge abtrennen lasst.’’ In the hope that the male hor- 
mone might show structural relationships to the female 
hormone, various hydroxyl ‘and keto reagents were 
tried; and it was found that with hydroxylamine a 
crystalline product which was highly active when re- 
crystallized from dilute alcohol and injected into capons 
could be obtained. The melting point of the colorless 
oxime proved to be 215°C. The oxime was next de- 
composed with dilute acid, and from the decomposition 
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product a substance, recrystallized from dilute alcohol 
and with a melting point of 165°C., was obtained. Fur- 
ther purification became possible by fractional sublima- 
tion of the decomposition product using very high 
vacuum (1/10,000 mm. Hg). The fraction distilling 
from 80-85° was collected, repeatedly recrystallized 
from dilute alcohol, and again sublimed, using high 
vacuum. The final product had a melting point of 
178°C. and proved far more active than any hitherto 
known extract. Twenty-five thousand liters of male 
urine were needed to prepare 15 mg. of the crystalline 
hormone. 

The hormone contained no nitrogen, and an elemen- 
tary analysis led to the formula CigH2s02. An analysis 
of the oxime gave the formula CjgH27O2N (which is in 


In addition to the one keto group which the hormone 
molecule contains, its reaction to acetic anhydride re- 
veals one hydroxyl group; and its failure to absorb 
bromine suggests a saturated compound. The im- 
portant point is brought out that whereas the hydroxyl 
group present in the female hormone molecule is acidic 
in reaction (phenolic?), the similar group present in the 
male hormone molecule is neutral. 


MORE THAN ONE MALE HORMONE? 


McCullagh (57), in a recent paper, advances the 
view that there are at least two hormones generated 
by the testes, a water-soluble as well as a fat-soluble 
hormone. Whereas the latter will cause regeneration 
of the atrophic secondary sex glands of castrated rats, 
but will neither prevent nor correct the hypertrophy of 
the pituitary gland and adrenals after castration, 
aqueous testicular extracts prevent the cellular changes 
from appearing in the pituitary gland after castration 
of rats and inhibit the hyperfunction of the pituitary 
gland. 

ADDENDUM 

Since the writing of this article, Butenandt has 
published another paper on the chemistry of the sex 
hormones [A. BuTENANDT, “‘Zur Biologie und Chemie 
der Sexualhormone,”’ Naturwissenschaften, 21, 49 
(1933)] in which the formula C;y,H39O2 or CisHesO2 for 
the male hormone is advanced. No further experi- 
mental details are given. 
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On the DEATH of LOUIS PASTEUR 


HAL W. MOSELEY 


Tulane University of Louisiana, New Orleans, Louisiana 


ECEMBER 27, 1932, marked the one hundred 

D tenth anniversary of the birth of Louis Pasteur, 

the renowned French chemist and biologist, 

whose work has contributed to the health and happi- 

ness of mankind at large as that of few other investi- 
gators has done. 


There has fallen into the hands of the writer a very 
interesting commemorative ballad—Pasteur died Sep- 
tember 28, 1895—which points very clearly to the high 
esteem and great love with which his people regarded 
this fine character. It is the writer’s opinion that this 
commemorative poem-song should be preserved in the 
literature of chemistry in America, and it is therefore 
presented to THis JouRNAL for publication so that it 
may be shared by American readers. 

The original French has been done in English verse 
by one of the writer’s young friends, Miss Edith Loeber 
Ballard, an advanced student in French in the New- 
comb College of Tulane University. We are indebted 
to her for this careful piece of work. 


A replica of the pictorial cover appears herewith, 
and the poem-song accompanied with its free transla- 
tion into English verse follows: 


PASTEUR N’EST PLUS 
LEON NEMO 


(Air: La France Guerriere) 


1 


Un grand malheur vient de frapper la France 
Elle a perdu l’un de ses grands enfants, 
Un homme illustre entre tous que la Science 
Avait doté de ses dons éclatants. 

A ces deux mots: la Science et la Patrie 

Sa vie entiére a su se consacrer 

Et cette tache sainte il l’a remplie. 

Non pas pour lui, mais pour |’humanité. 


Refrain: 


Pasteur n’est plus, ce dompteur de la rage 

S’en va, dompté par la mort 4a son tour, 

Mais dans nos coeurs son immortelle image 
Sera toujours, sera toujours. 


2 


Ses inventions illustres sont sans nombre 

Et grace a lui que de maux épargnés! 

De sa baguette il fit sortir de l’ombre 

La guérison de bien des éprouvés. 

C’est grace a lui qu’aujourd’hui bien des méres 
Ne pleurent pas un pauvre cher enfant, 

Il épargna bien des larmes améres 

Puisque du croup il devint triomphant. 


3 


On se souvient du jubilé grandiose 

Qui couronna ses soixante-dix ans. 

On l’éleva dans une apothéose, 

On l’accabla de voeux et de présents. 

La gloire ailée en avait fait sa proie, 
On le sacrait roi dans ce jubilé 

Et comme Hugo, Pasteur connut la joie 
D’entrer vivant dans l’immortalité. 


4 


C’est a bon droit que notre France est fiére 
D’avoir donné le jour au grand Pasteur 

Car elle a fait voir a l’Europe entiére 

Qu’on sait allier la Science a la Valeur. 

Quoiqu’ils soient fiers les mangeurs de choucrotite 
De leurs savants avec lunettes d’or, 

C’est toujours nous qui leur montrons la route 
Et malgré tout leur montrerons encor. 
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PASTEUR IS NO MORE 
LEON NEMO 


(Air: La France Guerriere) 


1 


A great unhappiness to France doth fall! 

A son is lost! One noblest of his race! 

A man illustrious among them all 

Upon whom Science ever showered grace! 
His Science and his Country—’twas to these 
He consecrated his entire life! 

He finished an unselfish task, to ease 
Humanity, and lessen mankind’s strife! 


Refrain: 
Pasteur, subduer of the plague, is gone, 


For, in his turn, Grim Death hath led him on! 
But in our hearts, immortal, will his image always dawn! 


2 


His famous works are numberless and best! 
Then thanks to him who many ills hath spared, 
Who with his wands, Experiment and Test, 
The light of true cure finally hath bared! 


’Tis thanks to him that many mothers here 
Now for their children dear do cry no more, 
For he hath spared them many a bitter tear 
Since dread croup he hath triumphed o’er! 


3 


We all remember still that jubilee 

When Pasteur three score years and six did tell— 
Much féted, and pronounced divine was he, 

And heaped he was with gifts and wishes well! 
To winged glory he was then a prey! 

Crowned king he was, this wondrous personality, 
And so, like Hugo, Pasteur knew that day 

The joy of ent’ring, living, into Immortality! 


ay 


Our France has all good reason for her pride 
In having given this great Pasteur birth, 

For she has shown all Europe far and wide, 

His valor and his scientific worth! 

Though proud be those who live on sauer kraut 
Of their savants with gold-rimmed glasses on, 
’Tis we who trace for them their route! 

In spite of all their efforts, we lead on! 





WORK of RICHARD KUHN 


on the POLYENES 


CARL M. LANGKAMMERER 


University of Minnesota, Minneapolis, Minnesota 


It is enjoyable, particularly to an organic chemist, to 
observe the application of synthetic organic chemistry 
to the solution of scientific problems. A notable con- 
tribution to knowledge of the structure of naturally 
occurring polyene plant pigments, such as carotene, 
lycopene, bixin, etc., has been made by Richard Kuhn 
and his co-workers in their synthesis of the conjugated 
polyenes. 

++ eee + 


HE polyenes are compounds containing many 
double bonds. Besides the simplest diene, 
butadiene, there is known hexatriene which 
has been prepared by heating the formate of divinyl 
ethylene glycol, CH»: :CH:CH(OH)-CH(OH)-CH :- 
CHe, removing the elements of hydrogen peroxide. 
Hexatriene, CH2:CH-CH: CH:CH:CHe, because of 
its instability, has not been studied extensively. Octa- 
tetraene and the higher members of this series are 
unknown. ‘ 
Crotonaldehyde, hexadieneal or sorbaldehyde, and 
octatrieneal form a homologous series of aldehydes with 


a common difference of C2,H2 Kuhn (1), (19) found 
that condensation of crotonaldehyde with one molecule 
of acetaldehyde in the presence of pyridine yielded 
hexadieneal which in turn reacted with another mole- 
cule of acetaldehyde, under the conditions of the ex- 
periment, giving octatrieneal. , 


CH;:-CH:CH-CHO + CH;CHO Pyridine 
CROTONALDEHYDE ' 
CH;-CH:CH-CH:CH- CHO CH:CHO 
HEXADIENEAL 
CH; -CH:CH-CH:CH-CH:CH-CHO 
OCTATRIENEAL 


Because of the great difficulty of effectively separating 
the six-carbon chain and the eight-carbon chain alde- 
hydes by fractional distillation, the two were sepa- 
rated by fractional crystallization of their bisulfite 
addition compounds. The stability of these addition 
compounds also provides a means of preserving the 
aldehydes, which, when uncombined, readily undergo 
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polymerization. Recently Reichstein,! repeating the 
work of Kuhn, was able to isolate the bisulfite addition 
compound of the next member, decatetraeneal. Higher 
-ene aldehydes are unknown. 

Crotonic acid (CH3-CH:CH:COOH) is the first 
-ene acid. The next member of the series is sorbic 
acid (CH;;CH:CH-CH:CH-COOH). The corre- 
sponding acids containing eight and ten carbon atoms 
are obtained (13) by the condensation of the proper 
-ene aldehydes with malonic acid in the presence of 
pyridine with a subsequent elimination of carbon 
dioxide. 

Pyridine 
OOH 
CH; -(CH:CH),-CH:CH - COOH 


COOH ae 
Pyridine 
COOH 


CH; - (CH: CH); -CH:CH- COOH 


Certain -ene acids with methyl groups in the p- 
position were synthesized (24) by means of the Ref- 
ormatsky reaction on the proper unsaturated ketones. 
Ethylideneacetone, formed by the condensation of 
acetaldehyde and acetone, on treatment with the 
methyl ester of bromoacetic acid in the presence of 
zinc yields a tertiary alcohol; this in turn on de- 
hydration and hydrolysis yields the desired 6-methyl 
doubly unsaturated acid. 


CH;CHO + CH;COCH; — > CH;:- CH:CH -C-CHs 


O 
OH 


Zn and BrCH:COOCHs CH; - CH:CH.- Cc : CH.COOCH; 
CH; 





CH; 
CH; -CH:CH -C:CH - COOH 


Dehydration and 
Hydrolysis 


If crotonaldehyde is substituted for acetaldehyde, 
the resulting compound contains one more double 
bond, CH3:(CH : CH)2 + C(CHs3):CH-COOH. 

Starting with $-methyl crotonaldehyde, (CHs3)2C:- 
CH-CHO, Kuhn (24) used this method to synthesize 
dehydrogeranic acid,” (CHs)2C : CH-CH : CH:C(CHs):- 
CH-COOH. The compound synthesized in this man- 
ner was identical with the natural product. 

The -ene aldehydes and -ene acids that have a 
phenyl group on the end of the carbon chain farthest 
from the function are (1): 


THE PHENYL -ENE ACIDS 
¢-CH:CH- COOH 
¢-(CH:CH),- COOH 
¢+(CH:CH);- COOH 


THE PHENYL -ENE ALDEHYDES 
¢:CH:CH -CHO 
¢ + (CH:CH)2:CHO 
¢+-(CH:CH);-CHO 


1REICHSTEIN, AMMAN, AND TRIVELLI, “Ueber Hexa-dieneol, 
Octa-trieneol und Deca-tetraeneol,’’ Helv. Chim. Acta, 15, 261-8 
(1932). It is of interest in this connection that Reichstein was 
able to reduce the aldehyde group of the -ene aldehydes selec- 
tively to the corresponding -ene alcohols using aluminum iso- 
propylate as the reducing agent. See also, REICHSTEIN AND 
TRIVELLI, ‘Die Eigenschaften des reinen Deca-tetraeneols,’”’ 
ibid., 15, 1074-6 (1932). 

2 CAHN, PENFOLD, AND SIMONSEN, ‘“‘Dehydrogeranic acid,’ 
J. Chem. Soc., 1931, 3135-42. 
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Even the §-methyl phenyl unsaturated acids, ¢-CH:- 
CH-C(CH;):CH-COOH and ¢-(CH:CH)::C(CHs):- 
CH-COOH, have been prepared (24)—in all cases the 
syntheses have been the same as for the corresponding 
methyl compounds. 

Butadiene and hexatriene polymerize, whereas the 
corresponding unsaturated compounds with phenyl 
groups at the ends of the chain do not. Therefore, 
Kuhn and Winterstein (1) set out to synthesize the 
homologous series of which stilbene is the first member. 
Diphenylbutadiene had been prepared from cin- 
namaldehyde and phenylacetic acid using acetic an- 
hydride as the condensing agent. 


@:-CH:CH-CH:CH:-¢ 


Water is split out and the resulting compound loses 
carbon dioxide to give diphenylbutadiene. Kuhn 
found that in this and similar reactions the yields are 
increased enormously by the addition of a considerable 
quantity of lead oxide. 

On reduction of cinnamaldehyde with coppered 
zinc, two molecules unite to form cinnamoin. Treat- 
ment of this compound with phosphorus tribromide, 
with a subsequent removal of the halogens with zinc, 
gives diphenylhexatriene. 


= CuZ: 
2¢-CH:CH-CHO [un 
¢-CH:CH- CH(OH)-CH(OH)-CH:CH-¢ PBS 
@-CH:CH- CH(Br) -CH(Br)-CH:CH-¢ _7% 
@-CH:CH-CH:CH-CH:CH:@ 


Diphenyloctatetraene was prepared by condensing 
two molecules of cinnamaldehyde with succinic acid. 
This condensation is again carried out in the presence 
of acetic anhydride and lead oxide, the loss of two 
molecules of carbon dioxide being spontaneous. 


—2CO: 
—> 


¢@-CH:CH-CH:CH-CH:CH-CH:CH:-¢ 


If a compound containing another double bond is 
desired, the succinic acid in the last equation is re- 
placed by dihydromuconic acid and when this is 
condensed with two molecules of cinnamaldehyde, the 
product is diphenyldecapentaene. To prepare di- 
¢-CH:CH-CH:CH 

CH 
CH 
¢:CH:CH-CH:CH 


¢-CH:CH-CH!0 + H,!C-COOH 


CH —2CO2 


—2H20 


phenyldodecahexaene a double bond is added to the 
starting aldehyde. Phenylpentadieneal is condensed 
with succinic acid with removal of water and car- 
bon dioxide to give the desired hydrocarbon, 
¢:(CH:CH).:¢. Using dihydromuconic acid and pheny]- 
pentadieneal for the condensation, the fourteen-carbon 
aliphatic chain with seven double bonds and a phenyl 
group at each end, ¢:(CH:CH);-q, is obtained. 
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If the previously synthesized aldehyde having three 
double bonds is condensed with succinic acid the prod- 
uct of the reaction is diphenylhexadecaoctaene, 
¢:(CH:CH)s-¢. Condensation of this aldehyde with 
dihydromuconic acid, however, failed to yield the 
next member in the series. 


THE DIPHENYL -ENES 


No. of Melting Point, 


Isomers °¢€ Color 


¢:CH:CH-¢ 2 124 (trans) White 

¢:(CH:CH)2:¢ 3 152 (trans) Yellowish 
¢:(CH:CH)s3-¢ 6 200 Greenish yellow 
o:(CH:CH)4:¢ 10 232 Greenish chrome-yellow 
¢-(CH:CH)s:¢ 20 253 Orange 

¢:(CH:CH).5-¢ 36 267 Orange-brown 
¢:(CH:CH);:¢ «ta 279 Copper-bronze 
¢:(CH:CH)s-¢ 136 285 Bluish copper-red 


Kuhn and Winterstein (2) also prepared conjugated 
polyenes having biphenylene groups at both ends, as 
well as some having a biphenylene group at one end 
and a phenyl group at the other end. For the synthesis 
of these compounds the original articles must be 
consulted. 

It is evident that cis-trans isomerism might present 
quite a problem in the polyenes. With stilbene, for 
example, two forms are possible, both of which are 
known. With diphenylbutadiene there are three pos- 
sibilities: 


¢:C-H ¢:C-H H:-C-¢ 
H-C-C-H H-C-C-H H-C-C-H 
H:C-¢ ¢:C-H ¢:C-H 


TRANS-TRANS TRANS-CIS CIS-CIS 


These three diphenylbutadienes are known. There 
are six possibilities in the case of diphenylhexatriene: 
cis-cis-cis, cis-cis-trans, cis-trans-cis, trans-cis-trans, 
trans-trans-cis, and trans-trans-trans. The higher 
members have an increasing number of isomers as 
can be seen from the table. Fortunately, in the di- 
phenyl polyenes only one form is known except in 
the cases of the first two members cited above. Kuhn 
is of the opinion that in the higher homologs the 
hydrogen atoms are always on opposite sides of the 
double bond, 7. e., trans, since on plotting the melting 
points of trans-stilbene—124°, trans-trans-diphenyl- 
butadiene—152°, and the rest of the series—200°, 
232°, 253°, 267°, 279°, and 285° against the length 
of the carbon chain, a smooth curve results. There 
is also further evidence for this view. 

This being a homologous series, an increase in 
boiling points would be expected and this is found to 
be the case. One would also expect the solubilities 
of these compounds to vary; in fact, it is found that 
the solubilities fall off very rapidly, both in benzene 
and chloroform as the molecular weights of the com- 
pound increase. 

Color is perhaps the most striking physical property 
of this series. One does not ordinarily think of un- 
saturated hydrocarbon as being colored and yet the 
last member of this series is bluish copper-red. Stil- 
bene is white, the next member yellowish, and so on 
through the whole series, the addition of each double 
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bond causing an increase in the color of the compound. 
The biphenylene compounds are also highly colored 
with a deepening of the color for each additional double 
bond. The ethylenic double bond then is a chromo- 
phore (10). This augmentation of color by the 
ethylenic double bond occurs only when the bonds are 
conjugated. Conjugation, however, is not enough; 
the bonds must be aliphatic. In sexipheny]l, 

F imi, cael, OO ia OP cae, OU area OY hae 
in ee i, ee Mile, Ce ee, Pee a ee 
we have twenty-four double bonds, all of which are 
conjugated, and yet this compound is colorless. 

Turning to the reactions of these compounds, it is 
found that all can be hydrogenated to the diphenyl 
saturated hydrocarbons, as well as to the dicyclohexyl 
saturated hydrocarbons. In these long conjugated 
systems, it is interesting to note that on the addition 
of one molecule of hydrogen, the hydrogen atoms add 
to the ends of the conjugated system, giving the corre- 
sponding dibenzyl polyenes. This hydrogenation was 
carried out on the butadiene, the hexatriene, the octa- 
tetraene, and the decapentaene. In all cases the 
structures of the dibenzyl derivatives were determined 
by ozonization. Here then are examples of 1,4; 1,6; 
1,8; and 1,10 additions to conjugated systems! These 
hydrogenations are carried out with sodium or alumi- 
num amalgam. If an attempt is made to hydrogenate, 
for example, diphenylhexatriene, catalytically with 
hydrogen and platinum oxide, an unusual situation 
arises. If the hydrogenation is carried out with one 
mol of hydrogen, one-third of the diphenylhexatriene 
turns up as diphenylhexane, the remainder is un- 
changed. 

The addition of bromine is not as clearly defined 
as the hydrogenation. In the case of bromination, the 
addition does not usually proceed according to the 
Thiele theory. Diphenylbutadiene adds bromine 
chiefly 1,2. In the case of diphenylhexatriene, the 
first mol of bromine appears to add 1,4 but this has 
not been established with certainty. The only com- 
pound that was isolated on bromination of diphenyl- 
octatetraene is the octabromide. Diphenyldecapen- 
taene could be made to take+up only six bromine 
atoms. An interesting point in this connection is the 
fact that dibenzyloctatetraene, on treatment with 
one mol of bromine, was oxidized to diphenyldeca- 
pentaene. 

The Diels and Alder diene reaction on these com- 
pounds is very interesting (14). All that need be 
said is that the carbon-to-carbon double bond of 
maleic anhydride can be made to add 1,4 to the con- 
jugated double bonds in the diphenyl polyenes, one 
mol of maleic anhydride reacting with each pair of 
double bonds. Thus, diphenyldodecahexaene, the 
polyene having six conjugated double bonds, reacts 
with three molecules of maleic anhydride. 

Having considered the synthesis, the properties, and 
some of the reactions of the polyenes, application of 
this knowledge in the field of natural products presents 
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itself. This usefulness of polyene chemistry is per- 
haps best illustrated by the part it has played in the 
determination of the constitution of certain polyene 
plant pigments, particularly bixin and crocetin. Bixin 
is a plant pigment of the composition C2;H30Q., ob- 
tained from Bixa Orellana L. Crocetin, on the other 
hand, is obtained from saffron and has the empirical 
formula Cx9H»O, Both of these compounds have 
been shown to be dibasic acids, one of the carboxyl 
groups in bixin being esterified with a methyl group. 
Hydrolysis of this gives nor-bixin. 
H;COOC: C22Hs- COOH HOOC: CisH2 - COOH 
BIXIN CROCETIN 


HOOC- C2:H2s5- COOH 
NOR-BIXIN 
Numerous hydrogenation experiments have shown 
that nor-bixin has nine double bonds and that crocetin 
has seven. Can it be that these double bonds are in 
a straight chain? Certain chemists had postulated a 
fulvene structure in these compounds since the fulvenes 
were known to be colored. Kuhn had prepared di- 
phenyltetradecaheptaene and its color matched that 
of crocetin almost exactly. It is noticed that crocetin 
has a total of seven double bonds; the synthetic 
polyene has a seven-double-bond conjugated system. 
The color of bixin is a little deeper than that of di- 
phenylhexadecaoctaene. The color of these plant 
pigments can therefore be accounted for by long ali- 
phatic unsaturated chains. One would hardly expect 
these long chains to be very stable, yet the synthetic 
polyenes show a stability equal to that of the naturally 
occurring coloring matters. The objection might be 
raised that the colors of compounds containing phenyl 
groups and those containing carboxyl groups might 
be very different. On comparing compounds, such 
as benzil and the ester of diketosuccinic acid, in which 
the only difference is that one or more phenyl groups 
have been replaced by carboxyl groups, it is found 
that the colors are very similar. As far as color value 
is concerned, then, the phenyl and carboxyl groups are 
approximately equal. This, then, raises the question 
as to whether or not the phenyl groups in the diphenyl 
polyenes have anything to do with the production of 
color. It is found that on reducing diphenyldeca- 
pentaene, having five conjugated double bonds, 
which is orange in color, dibenzyloctatetraene, a 
colorless compound having four conjugated double 
bonds, is obtained. The compound having four 
conjugated double bonds and a phenyl group at each 
end is quite deeply colored, so we must conclude that 
the phenyl groups at the end of the conjugated chain 
intensify the color. That the color of crocetin is 
almost the same as that of diphenyltetradecaheptaene 
has been mentioned before. To write a structure for 
crocetin that would have this color we must conjugate 
the seven double bonds and place a carboxyl group 
at each end of the conjugated system. Reasoning 
in a similar manner, nor-bixin has an aliphatic con- 
jugated system of nine double bonds with a carboxyl 
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group at each end. Placing a hydrogen on each 
carbon atom we have for nor-bixin: 
HOOC-CH:CH -CH:CH:-CH:CH-CH:CH-CH:CH -CH:.- 
CH-CH:CH-CH:CH-CH:CH-COOH 
Co4H 2804 = CooH 2004 = C,H remainder 


leaving C,Hs still left to put in the molecule. Crocetin 
is 
HOOC-CH:CH-CH:CH-CH:CH-CH:CH-CH:- 
CH-CH:CH-CH:CH-COOH 
CooH24Ou ia CisHisOg = C.Hes remainder 


again C,H; being unaccounted for. How is this to 
be placed in the molecule? On controlled oxidation 
both nor-bixin and crocetin give four mols of acetic 
acid. It has been shown that the grouping -CH:CH-- 
C(CHs;):CH-: yields acetic acid on a similar oxidation. 
This indicates that both of our natural products have 
four methyl groups attached to the polyene chain (7). 
The most probable positions of the methyl groups were 
indicated by ozonization e: periments and we have 
as the structure for nor-bixin 


HOOC.-CH:CH-C:CH -CH:CH:-C:CH-CH:CH-CH:.- 

CH; 
C-CH:CH-CH:C-CH:CH -COOH 
CH; 


CH; 


CH; 
NOR-BIXIN 
and for crocetin 


HOOC-C:CH-CH:CH-C:CH-CH:CH-CH:C-CH:- 


CH3 
CH-CH:C-COOH 
CH; 


CH; CH3 


CROCETIN 


There was still one objection to the formula for 
bixin. The compound gave two different mono- 
methyl esters and on treatment with a trace of iodine 
was transformed to a higher melting compound, B- 
bixin. Bixin and £#-bixin seemed to be cis-trans 
isomers. In the long-chain diphenyl polyenes it was 
seen that only the trans form was formed. How then 
could this particular chain, found in bixin, exhibit 
cis-trans isomerism? The only difference between 
bixin and the diphenyl polyenes is the fact that the 
natural product has methyl groups on it. It was for 
this reason that Kuhn (24) prepared the #-methyl 
unsaturated acids. In each case he was able to isolate 
a cis and a trans form, one melting higher than the 
other. In these cases one of the isomers could be 
converted into the other with iodine. 

The work of Richard Kuhn and his co-workers on 
the synthetic polyenes might properly be said to have 
given the impetus to the study of naturally occurring 
plant polyenes that has enabled organic chemists to 
work out very probable structures for many of them 
in the past four years. Karrer and his students have 
actually synthesized perhydrolycopene and perhydro- 
nor-bixin leaving no doubt as to the correctness of the 
structures proposed for these compounds. 
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AMMONIUM CHLORIDE GROWTHS 


D. I. GLEIM 


Mechanicsburg High School, Mechanicsburg, Pennsylvania 


ATE in May, 1932, at the close of school, two 
bottles of hydrochloric acid and one of ammo- 
nium hydroxide were placed in a row within a 

locker in the chemical laboratory. They remained 
undisturbed for a pe- 
riod of eight months, 
during which time 
growths appeared, as 
illustrated in Figure 1. 

The growths were 
pure white and were 
found to be hollow. 
Their surfaces were 
not smooth but con- 
sisted of slight spirally 
arranged elevations 
and depressions en- 
circling the structures 
(Figure 2). At irregu- 
lar intervals small 
cone-shaped projec- 
tions grew out of the 





FIGURE 1 


main bodies; one formation had three and the other 
seven of these radiating growths. 

A partial explanation of the formation of these am- 

monium chloride growths is found in the respective 

diffusion rates of am- 

monia and hydrogen 

‘chloride. As might be 

expected maximum 

precipitation takes 

place in the region of 

the bottles containing 

the hydrochloric acid. 

We are now at- 

tempting to duplicate 

these formations under 

controlled conditions 

with a view to formu- 

lating a more detailed 

hypothesis to account 

for the details of their 


structure. 
FIGURE 2 











FURTHER EVIDENCE of 
PRIESTLEY’S SYMPATHY for the 


AMERICAN REVOLUTION’ 


T ITS meeting of January 30, 1782, the American 
A Academy of Arts and Sciences elected a number 

of new members who had previously been nomi- 
nated at the meeting of August 22, 1781. The names 
of the nominators are not recorded. George Louis 
Leclerc, Comte de Buffon, Leonard Euler, Richard 
Price, and Joseph Priestley were elected Foreign 
Honorary Members, all of them distinguished men of 
science, and the two, last-named, men who had made 
themselves conspicuous in England by their vigorous 
defense of the cause of the American colonies. George 
Washington was already a Fellow of the Academy; it 
was seven years later, in 1789, that he took on the 
duties of first president of the United States. At the 
meeting of January 30, 1782, Loammi Baldwin of Wo- 
burn, Hon. Owen Biddle, Esq., of Philadelphia, Hon. 
Arthur Lee, Esq., of Virginia, His Excellency William 
Livingston, Esq., Governor of New Jersey, David 
Rittenhouse, Esq., of Philadelphia, His Excellency 
Jonathan Trumbull, Esq., Governor of Connecticut, 
and Hon. Meshech Weare, Esq., of New Hampshire, 
were also elected Fellows. 
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The Reverend Joseph Willard, at that time corre- 
sponding secretary of the Academy, presumably notified 
these men of their election. In due time he received a 
reply from Joseph Priestley, as follows: 


Revd Sir 

I am truly sensible of the honour that has been done me by 
being elected a member of the American Academy of Arts and 
Sciences, and should have acknowledged it sooner, but that, 
being at a distance from London, I have not known of proper 
opportunities of conveying my letter: My friend Mr. Vaughan 
going to America very soon makes it easy for me to do now what 
ought to have been done a long time ago. 

I rejoice that, after so noble and successful a struggle for your 
liberties, you are now, in time of peace, attending to matters of 
science: I hope you will have the same success in your exertions 
in this way. 

As you are so obliging as to inquire after my Observations on 
air &c I shall beg to have the honour of presenting my five vol- 
umes on that subject to the Academy, and hope that Mr. Vaughan 


will take care of their conveyance. 











* Published with the kind permission of the Council of the 
American Academy of Arts and Sciences. Read before the 
Division of History of Chemistry at the 85th meeting of the 
A. C. S. at Washington, D. C., March 27-30, 1933. 
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I am still engaged in the same pursuits, and two papers of mine 
on that subject are published in the Philosophical Transactions. 
I have the honour to be, with great respect, 
Revd Sir, 
Your obedient humble servant 
J. Priestley. 
Birmingham 23 June 1785. 


The second paragraph of the letter is a frank expres- 
sion, in Priestley’s characteristic manner, of his at- 
titude toward the American Revolution. 
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The minutes of the Academy’s meeting of January 
25, 1786, record the receipt of the five volumes and state 
that it was voted “that the thanks of the Academy be 
presented to the Revd Joseph Priestley, LL.D., F.R.S., 
for his valuable donation of five volumes containing 
experiments and observations on different kinds of 
air.’’ Three of these volumes the writer has seen in 
the library of the Academy in its building on Newbury 
Street, Boston. 
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UNIT of STUDY for 


ELEMENTARY CHEMISTRY 


ALICE .BOELKE 


Senior High School, Farmington, Minnesota 


This is an outline of a unit of study designed to stimu- 
late the high-school student to a realization of the relation 
of chemistry to practical things and to inspire him with 


the scientific spirit by training him to search for data, 
to experiment, to compile results, and to present his con- 
clusions to others. 


+++ + + + 


HIS paper describes a plan for carrying out a 

unit of study on industrial applications of chem- 

istry. It is planned in such a manner that it will 
appeal to the high-school boy and girl by dealing with 
applications within their experience. 

The unit includes three distinct parts based one upon 
another and intimately connected. First, a project 
of constructing a model home was instituted. Second, 
to summarize the information gained, a theme was 
written. Third, to make the information available to 
the entire class, a series of class lessons dealing with 
each subject presented in the themes was arranged. 

After a thorough groundwork of the fundamentals 
of chemistry has been laid the introduction of a project 
will stimulate lagging interest. The pupils in our 
school began the project by making a list of those parts 
of a home which are definitely related to chemistry. 
Each pupil then selected a subject upon which he would 
work. Descriptive material was gathered from refer- 
ence books and commercial companies which offer 
educational material. Upon the basis of the informa- 
tion thus gained a model was constructed and a theme 
written. Well-written themes resulted and a beauti- 
ful model home which was the pride of the chemistry 
department was constructed. Besides these tangible 


results a surprisingly increased enthusiasm for chem- 
istry became evident. 

The outline furnished pupils for class work on the 
topic, “Textiles,” is appended by way of example. 
The list of references supplied is omitted. 


INTRODUCTION TO PRACTICAL CHEMISTRY 


The unit on industrial chemistry will serve to link theoretical 
with applied chemistry. The information gained from the house 
project will be used in the following lessons. 

The reports will be given by those writing themes on the 
subject. Notes are to be taken on the reports and kept in a 
notebook. Observations from the experiments performed will 
be kept in this notebook. You will be held responsible for the 
material in each reference. 


I. Textiles 
1. Classroom procedure 
A. Reports 
B. Quiz and discussion 
Description of cotton, wool, linen, silk, and 
rayon fibers 
Chemical tests for each fiber 
Physical tests for each fiber 
Methods of cleaning each 
Methods of dyeing each 
2. Laborato 
Use CCl, as stain remover 
Test fabrics with NaOH and acids 
Test fabrics for carbohydrate or protein 
Test fabrics by burning 


3. References 


Other topics treated in this manner were: soap and 
cleaning powders, foods, plastics, explosives, photog- 
raphy and blueprinting, paints and varnishes, ink, 
glass and china, Monel metal and aluminum, water- 
softening, paper, plants and fertilizers, humidity and 
air-conditioning. 











Suggestions are given for the equipment, service, and 
administration of the laboratory, whereby greater ef- 
ficiency may be attained in the performance, checking, 
and grading of experiments. Thoroughness, organiza- 
tion, accuracy, technic, and cleanliness are emphasized 
in the administration of the course. The more important 
features of the laboratory are illustrated by pictures. 


+++ + + + 


UT of an experience as student, graduate assis- 
tant, and instructor in laboratory organic chem- 
istry, have come a few tangible suggestions for 

the improvement of laboratory instruction. In gen- 
eral, it would seem that a well-equipped and properly 
administered laboratory offers the student the maxi- 
mum opportunity to acquire adequate training in the 
particular course in which he is registered. To be 
sure, one who has a thoroughly modern laboratory at 
his disposal has an unquestionable advantage, but 
many of the suggestions offered here pertain to features 
that might well become part of the standard equipment 
and regular organization of the less modern laboratory. 

The student has a period of from three to four hours 
to spend in the laboratory, and is anxious, for the most 
part, to make the most of his time. Any lack of requi- 
site facilities or possible organization tends to discour- 
age such effort. On the other hand, a well-equipped 





UNDERGRADUATE ORGANIC 
LABORATORY CHEMISTRY 


I. Equipment and Administration of the Laboratory 
E. F. DEGERING 


Purdue University, Lafayette, Indiana 








and properly organized laboratory tends to encourage 
him to do his best. Thoroughness, organization, ac- 
curacy, and technic are the fundamental habits that 
should be acquired in any laboratory course, for the 
habits acquired in the laboratory are those that the 
student will translate into actual practice in his pro- 
fessional life. Hence, if in his laboratory work, the 
student is accustomed to proper habits with respect to 
procedure, the inclination will be to translate such prac- 
tices into the shop, industrial laboratory, or the par- 


.ticular sphere where chance may place him. 


Perhaps of first importance in the organization of a 
laboratory is the desirability of having the requisite 
equipment and essential chemicals readily available, 
for it is indeed demoralizing to have a group spend from 
a fourth to a half of their time standing in line at the 
storeroom window—just waiting. The only argument 
in favor of such a waste of time comes from those who 
advocate a disciplinary training in patience. But it is 
questionable whether or not the student actually ac- 
quires any discipline out of an obvious lack of organi- 
zation. Instead, it tends to thwart the spirit of co- 


operation among the group, and leads to a feeling of 
indifference toward the proper completion of the assign- 
ment. 

To overcome this serious handicap, almost complete 
freedom from storeroom service has been adopted. In 
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so far as apparatus is concerned, this is accomplished 
by having the lockers properly equipped with the 
essential apparatus, and then insisting that no equip- 
ment be checked from the storeroom except in case of 
breakage. This also has the advantage of teaching the 
student to use if necessary the equipment that he has 
at his disposal, even though it may not be exactly iden- 
tical to that described in the procedure. Oftentimes 
it becomes imperative to use what one has, rather than 
what he would like to have. To illustrate, test-tubes 
are doubtless the cheapest equipment in the locker and 
are adaptable to a diversity of uses. Hence the stu- 
dent is encouraged to use test-tubes wherever possible 
in preference to more expensive equipment such as 
conical flasks, wide-mouthed bottles, and similar equip- 
ment designated in many procedures. 

The locker drawers have been partitioned and sub- 
divided to meet the needs of the particular equipment 
that they contain. The initial installation of such 
locker subdivisions is not expensive, and such partition- 
ing serves two very important purposes. In the first 
place, this provides proper storage for every item of 
equipment. This tends to teach the student to be 
orderly, and at the same time impresses him with the 
advantage of being systematic about his work. When 
he desires a certain piece of apparatus, it is not neces- 
sary to go on a hunting expedition to find it; for it is 
readily available if kept in its proper place. Aside 
from this mere convenience of having pieces of ap- 
paratus readily available, the saving in unnecessary 
breakage far more than justifies the output for the cost 
of installation of such locker subdivisions. 

In the handling of laboratory hardware, a divergence 
from the common practice has also been adopted. The 
individual working places are equipped with two ring- 
stands, a copper steam bath of simple design which re- 
quires no rings, a universal clamp and holder, two rings, 
two buret clamps, and a permanently mounted wire 
bookrack. But this particular equipment is always 


kept on the top of the desk in its proper place and is 
used by all the sections. Hence, but one complete set 
of this equipment is required for each working space 
instead of the usual complete set for each student in 
each section. Aside from the initial saving in outlay 
of from two-thirds to three-fourths, depending on the 
number of sections, there is far less depreciation where 
ironware is kept on the top of the desk in preference to 
being stored in the desk with wet beakers or damp 
towels and sponges. Also, the excessive breakage re- 
sulting from trying to store ironware in the same locker 
with glassware is thus avoided. 

Special apparatus, such as oil baths, sand baths, 
molecular-weight equipment, etc., not used regularly, is 
kept in the laboratory storeroom and is put out on the 
desks by the assistant as needed. Obviously this 
requires but one set of such equipment. 

Cork borers have been a continual source of trouble. 
It is both expensive and unnecessary to equip each 
locker with a set, and it has been equally difficult to 
keep sets available on the side-shelf. Recently, three 
complete sets have been hung as individual units by 
small chains at convenient places; It is now only neces- 
sary to sharpen these units as their usage requires, 
and they are always in place and available for use. 

Each table of four working places is equipped with a 
mechanically stirred melting-point tube, so that deter- 
minations may be carried out quickly and with a degree 
of accuracy that is not easily obtainable by the common 
method. Students do not dislike to make melting- 
point determinations when they are not required to 
resort to the old cumbersome method every time such 
a determination is to be made. These special tubes 
are not used, however, in the regular experiment on 
the determination of melting points and the calibra- 
tion of a thermometer, but they are used in all subse- 
quent melting-point determinations. 

Three triple-beam balances for rough weighings are 
permanently mounted on the side-shelf, and are con- 





STUDENT’S WORKING SPACE 


A mechanically stirred melting-point tube is in the fore- 
ground. The bookrack, hardware, steam bath, and the desk 
reagent bottles are also shown. In the background is the 
laboratory supply room. 


ditioned from time to time as their usage requires. 

A steam oven located under one of the hoods serves 
as a convenient drying oven. In addition, all the 
hoods are equipped with steam hot plates which are to 
be recommended where evaporation without the re- 
covery of the solvent is desired. 

The laboratory is equipped with three complete sets 
of reagents—liquids, solutions, and solids. The re- 
agent shelves are conveniently located and are so ar- 
ranged that these sets of reagents are always locked up, 
and are not accessible to the student. For a given ex- 
periment, the required bottles of chemicals are set out 
by the assistant in charge and placed on the balance 
shelf. By this means, only the required chemicals are 
readily available and the general supply shelves are 
always in order since they are accessible only to those 
in charge of the course. 

To supplement the reagent shelves, a small stock- 
room and preparation laboratory (which contains the 
year’s supply of chemicals and special apparatus) oc- 
cupies one corner of the laboratory. Thus the labora- 
tory almost becomes an entity in itself, and this inde- 
pendence is indeed time-saving on the part of all con- 
cerned—the student, the assistant in charge, and the 
storeroom service. Some may argue that such a sys- 
tem is impractical, but three years of operation under 
it, after having had experience under the usual store- 
room service system, has fully convinced us of its ef- 
ficiency and workability. 

For each major preparation, one essential ingredient 
is dispensed to the student. Before the laboratory 
period, the assistant weighs or measures out this in- 
gredient rather carefully and places it in a test-tube or 
in a two-ounce wide-mouthed bottle. These are then 
passed out at the beginning of the laboratory period 
while the student is assembling his apparatus. Hence 
no time is lost, and one has a justifiable basis for grading 
on the yield obtained. These sample bottles are 
washed and dried by the student and left on the top of 
his desk at the close of the period. 
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One set of common reagents serves the needs of the 
students of four working spaces, and the containers 
are refilled by the students as needed from a supply 
shelf in the corner of the laboratory. The supply shelf 
is kept in shape by the assistant so that the proper 
supply of reagents is always available to the student. 

Crushed ice, salt, and articles required for special 
experiments are also placed on the balance shelf as 
needed. The fundamental aim with respect to equip- 
ment and chemicals is to have them readily available, 
so that the student is permitted to spend his time in 
the performance of his experiment and not in hunting 
about for the necessary apparatus and chemicals. 

The table tops are of Alberenie stone protected by 
saturation with paraffin wax. Experience has taught 
us that perhaps the best way of treating these stone 
tops is to cleanse them of dust and chemicals and then 
rub them lengthwise and crosswise with a block of 
paraffin wax. A blast lamp is then applied to the sur- 
face to melt the wax thoroughly into the stone. The 
surface takes a good polish if rubbed with a damp towel. 
Such treatment once a semester serves to keep the desk 
tops in good condition provided the students are prop- 
erly instructed as to the properties of paraffin wax. 
Excessive depreciation of the table tops, otherwise re- 
sulting, is thus avoided. 

For fire hazards, a fire extinguisher, a spray, and a 
fire blanket’ are all conveniently located in the labora- 
tory. Also, a first-aid chart hangs in a conspicuous 
place. For acid burns, the students are urged to keep 
themselves supplied with sodium bicarbonate, which, 
incidentally, serves as an excellent cleaning agent for 
washing beakers and ordinary glassware. 

A posted reading assignment covers the general topics 
of the laboratory experiments, but the student does not 
know the specific experiments that will be required until 
he reports at the beginning of the laboratory period. 
Hence prized notebooks of previous years prove to be 
of little value. At the beginning of each laboratory 
period, a short quiz is held over the assignment con- 
cerned. Also, an outline of this outside work is re- 
quired in the student’s notebook on the page immedi- 





APPARATUS IN THE SUBDIVIDED LOCKER DRAWER 





JUNE, 1933 


ately preceding the laboratory exercise. For conve- 
nience in checking and grading, the notebooks are re- 
quired to be uniform and experiments are recorded 
under the following headings with proper space allow- 
ance for each—experiment number, title and date, refer- 
ence, procedure, data, calculations, and conclusions. 
This encourages the student to be systematic, brief, 
and yet complete in his report and it aids the in- 
structor materially in the reading and grading of ex- 
periments. 

When a student finishes his assignment and has his 
record complete, he cleans up his equipment, puts it 
away, washes and dries his desk, arranges the desk 
equipment in order, and reports to be checked out. 
The instructor or assistant then collects his prepara- 
tion, glances over his record, periodically grades the 
experiment at the same time, calls his attention to any 
apparent errors or misinterpretations, and sees that the 
desk is clean and orderly and that no desk equipment 
is missing. If everything is satisfactory, the experiment 
is checked and initialed, and the assignment for the 
day is complete. There is much to be gained by 
checking the students out in this manner and grading 
their experiments in their presence as far as possible, 
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rather than allowing them to hasten through their work, 
lock up their desks, and leave without having their 
work approved. For the past three years we have 
followed the practice of giving an extra five points to 
the first five students completing the day’s assignment. 
This tends to encourage diligence, and our experience 
has shown a fair distribution of this award. 

For mere convenience in grading papers and products 
handed in, it has been found best to arrange the group 
alphabetically in sections, and assign index numbers. 
These index numbers appear on their examination 
papers and upon the containers in which they turn in 
their preparations. Grades on preparations are based 
on purity and yields, and as far as possible these 
preparations are checked by simple tests to determine 
their identity and degree of purity. In the regular 
examinations, laboratory questions are always included. 
This makes the student feel that the laboratory is actu- 
ally part of the course. 

In conclusion, it seems fitting to suggest that the 
laboratory motto should comprehend both accuracy 
and efficiency, both of which are well in keeping with 
a properly equipped, well-organized, and efficiently 
administered laboratory. 





FREEZING-POINT LOWERING 


THOMAS B. GREENSLADE 


The City College of the College of the City of New York 


HE lowering of the freezing point of a pure sol- 
je by the addition of a solute is a common oc- 

currence in everyday life. Yet few texts in first- 
year college chemistry attempt an explanation of this 
phenomenon. 

Some authors “explain” the lowering by means of a 
diagram showing the vapor pressure-temperature rela- 
tionships between ice, water, vapor, and solution. It 
must be pointed out, however, that this method of ap- 
proach is not understood by first-year students, and 
does not effect an explanation of the phenomenon, but 
rather a proof that equilibrium may exist only at the 
lowered temperature. 

Since almost all texts explain the lowering of the 
vapor pressure of a solvent and the elevation of the 
boiling point due to the addition of a non-volatile solute 
on the basis of the kinetic molecular theory, it would 
seem desirable to undertake an analogous explana- 
tion for the freezing-point depression. With this idea 
in mind, the following explanation is offered for use in 
first-year college classes. 

Molecules in the solid state are in constant vibratory 
motion. The kinetic energy of these molecules in- 
creases as the temperature increases. Some of those 
near the surface may gain sufficient energy to overcome 
the forces holding them in place in the crystal lattice. 


In that case they break away from the solid and enter 
the liquid state. 

As soon as any liquid is formed, some of the molecules 
in the liquid state begin to go back to the solid state. 
When the number of molecules leaving the solid and 
going into the liquid state is equal to the number going 
from the liquid to the solid, equilibrium is established. 

Let us consider a unit surface between water and ice 
in equilibrium at 0°C. In any given unit of time there 


' are as many molecules leaving the ice and entering the 


liquid state as there are molecules leaving the water and 
forming solid. Suppose now that we add a solute such 
as sodium chloride to the mixture. The salt dissolves 
in the water, and we have a solution in contact with 
ice. Since the number of water molecules per unit 
volume in the liquid has been diminished by this addi- 
tion of solute molecules, the rate of ice formation is de- 
creased. Now there are more molecules changing from 
the solid to the liquid state than are returning to the 
solid, heat is absorbed, and the temperature falls. 
This lowering of the temperature continues until it 
effects an equalization of the rates of ice and water for- 
mation. At the temperature at which this occurs a 
new equilibrium is established between ice and solu- 
tion, and they can exist in contact with each other. 
This is, by definition, the freezing point of the solution. 





The CATALOGING of CHEMICAL 
ENGINEERING TRADE LITERATURE 
ACCORDING fo UNIT OPERATIONS 


FRANK C. VILBRANDT 


Iowa State College, Ames, Iowa 


The article presents the system of cataloging in use at 
the Engineering Library, Iowa State College, for filing 
general trade bulletins, circulars, pamphlets, reprints, 
etc., on chemical engineering equipment and products. 
A decimal system is used. A general engineering classi- 
fication is used for the major units; unit operations corre- 
spond to the first decimal and equipment types to the 
second decimal. Further decimals are used to differen- 
tiate special types of equipment and special literature on 
the same types. 

++ eee + 
HEMICAL engineering trade literature consists of 
pamphlets, circulars, bulletins, and catalogs con- 
taining advertising claims, applications, speci- 
fications, etc., relating to all types of chemical engineer- 
ing equipment and materials. This literature is of 


actual value or not depending upon what use is, or can 


be, made of it. Proper filing is essential so that de- 
sired data can be readily located. The question of how 
best to file this trade literature confronts both the 
practicing chemical engineer and the instructor in 
chemical engineering. 

These pamphlets, circulars, and bulletins are poten- 
tially valuable as will be attested by any one who has 
had occasion to design a plant, a piece of equipment, or 
a process, or who has wished to purchase a new piece, or 
to replace an old piece of equipment, or to obtain in- 
formation on chemical products. Many of these 
publications contain comprehensive treatises on the 
theory and application of the equipment to which they 
pertain. To the chemical engineer, the performance 
data and the dimensional drawings contained in others 
are an inestimable aid in the ready solution of his design 
or process problems, for he depends upon and uses 
standard equipment whenever it is available, only re- 
sorting to specially designed parts and units whenever 
a standard design does not supply his needs. 

The value of trade information to the practicing 
chemical engineer and the chemical engineering student 
is recognized by the American Institute of Chemical 
Engineers which maintains a committee to codperate 
in the publication of ‘The Chemical Engineering 
Catalog’”’ with The Chemical Catalog Company, Inc., 
New York City. The Chemical Catalog Company 
further codperates with chemical engineering students 
by distributing gratis out-of-date issues of their catalogs 
for laboratory and classroom reference. 


Compilations of trade literature in some organized 
form are now maintained by various organizations ac- 
cording to classifications of their own, based entirely 
upon their individual needs. In a chemical industrial 
organization, where a specific product or equipment is 
manufactured or produced, only competitive or allied 
catalogs, or information on the organization’s own 
needs are filed, while “The Chemical Engineering 
Catalog”’ is the general cataloged source of information. 
But the chemical engineering departments of colleges 
and universities should have available all of the trade 
literature. 

At Iowa State College, where the trade literature 
forms an important source of information and is classed 
as reference material for the courses in chemical engi- 
neering design and in principles of chemical engineer- 
ing, it has been classified and card-indexed according 
to unit operations and according to manufacturers. 

There are many operations outside of strictly chemi- 
cal engineering unit operations which constitute part 
of the stock in trade of the chemical engineer; there 
are many service items with which the chemical engi- 
neer comes into contact, which he must purchase, use, 
or install. Data on performance and dimensions must 
be available to aid him in the organization and layout 
of the general scheme of the plant or process he is de- 
signing. Advertising matter covering these must also 
be included in a classification of necessary trade litera- 
ture for the chemical engineer. In other words, the 
complete library of the chemical engineer must include 
some of the trade literature of the heating engineer, 
the mechanical engineer, the electrical engineer, the 
ventilating engineer, the sanitary engineer, the civil 
engineer, the electrical engineer, etc. Therefore, it 
was deemed essential to include in the Iowa State Col- 
lege library classification other material than that per- 
taining strictly to chemical engineering unit operations; 
viz., material based upon the chemical engineer’s needs 
and arranged from this viewpoint. 

The system adopted at Iowa State College is a 
decimal system, with ten general groups, each group 
divided into ten units, each of the last in turn being 
capable of subdivision into further decimal units to 
designate the manufacturers and the specific equipment. 

The classification numbers range from 40,00000 to 
49.99999, etc.; the values 40 to 50 were chosen because 
chemical engineering is alphabetically the fourth group 
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in the Division of Engineering at Iowa State College. 
The ten general groups and ten subgroups under each 
with numerical notations are as follows: 


40. General Catalogs 

40.0 Chemical Engineering 
.1 Chemical and Food Processing 
.2 Hardware Supplies 
.38 Laboratory Supplies 
.4 to .9, etc. 

Building 

41.0 General 
.1 Design 
.2 Heating 
.3 Lighting 
.4 to .9, etc. 


Power Plant Operation 
42.0 Fuels 
.1 Electric Power 
.2 Gas Power 
.8 Liquid Fuel Power 
.4 to .9, ete. 


Heat Processing 
43.0 Annealing and Tempering 
.1 Autoclaving and Sterilization 
.2 Baking; Cooking; Incubation 
.38 Calcination and Roasting 
.4 to .9, etc. 


Gas and Vapor Processing 
44.0 Climatization 
.1 Compression; Exhaustion; Blowing 
.2 Condensation 
.3 Diffusion 
.4 to .9, etc. 


Liquid Processing 
45.0 Agitation and Mixing 
.1 Chemiking and Dechemiking 
.2 Crystallization 
.38 Digestion and Steeping 
.4 to .9, etc. 


Solids Processing 
46.0 Adsorption 
.1 Classification 
.2 Disintegration 
.3 Dispersion 
-4 to .9, etc. 


Materials Handling 
47.0 Conveying 
.1 Elevation and Hoisting 
.2 Excavation 
.3 Feeders 
.4 to .9, etc. 


Measurement and Regulation 
48.0 Automatic Control 
.1 Electrical Measurement 
.2 Gas Measurement 
.3 Liquid Measurement 
.4 to .9, etc. 


Materials of Construction 
49.0 Alloys 
.1 Ceramic Materials 
.2 Chemicals 
.3 Lubricants 
.4 to .9, etc. 
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Each of the ten decimal subdivisions under the 
general unit divisions is further subdivided into ten 
different classes of equipment (if that many exist) and 
in each of these are cataloged the manufacturer’s bulle- 
tin, circular, pamphlet, or catalog. For example: 


43 .3 
43 .30 
43 .31 
43 .32 
43 .33 


Drying 

General and Theory 
Agitated Driers 
Board Driers 

Drum Driers, etc. 


Subdivisional classification for purposes of differen- 
tiating between the types of equipment are often neces- 
sary. In this case the third decimal is used to effect 
the subsequent classification, example: 


47.49 Valves 
47.491 Angle 
47.492 Globe 
47.493 Needle 


The fourth decimal place is used to separate the 
trade literature of the various manufacturers, thus: 


47.4910 Angle Valves—Crane Co. 
47.4912 Angle Valves—Globe Mfr. Co. 
47.4914 Angle Valves—Lunkenheimer 


In a number of cases a manufacturer issues several 
pamphlets on similar subject matter; the fifth decimal 
place is used in this classification, thus: 


47.31030 Centrifugal Pumps—Gould Pumps, Inc. 
47.31031 Centrifugal Pumps (Selection Charts)—Gould 
Pumps,'Inc. 


The card index files are here placed upon English 
cards, 3” X 5”, according to the following plan: 





47.31032 Pumping 
Centrifugal Pumps 
Pump Fax Gould Pumps, Inc. 
Seneca Falls, 


N. Y. 


Title: 


3 copies 











An alphabetical index of manufacturers is available 
for cross-indexing and for ready reference in case a spe- 
cific manufacturer is sought. A current “Chemical 
Engineering Catalog” is always at hand to aid the 
younger chemical engineers. Thus the complete classi- 
fication is organized so as to permit additions in a se- 
quential manner. The alphabetical cross-index on the 
equipment, according to names and manufacture, en- 
ables the user to find readily the trade literature he is 
seeking. Should the student wish to find equipment 
for some definite chemical engineering operation the 
direct classification files will serve as a guide. 
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SOME INCIDENTS in the 
COLLECTION of the EDGAR FAHS 
SMITH MEMORIAL LIBRARY’ 


EVA V. ARMSTRONG{ 


University of Pennsylvania, Philadelphia, Pennsylvania 


HE Edgar Fahs Smith Memorial Library repre- 

sents a notable collection of books, prints, and 

manuscripts relating to the history of chemistry; 
it contains also material pertaining to the Colonial 
history of the University of Pennsylvania and the 
City of Philadelphia, among which are autograph 
letters of signers of the Declaration of Independence 
who were associated with the University—Benjamin 
Franklin, James Wilson, Robert Morris, Benjamin 
Rush, and others. There is also a collection of early 
American engravings, notably the stipple prints of 
David Edwin; and a series of early literary magazines 
containing valuable biographical material, such as 
the Portfolio, the Emporium of Arts and Science, the 
Casket, the Analectic Magazine, the European Magazine, 
and the Gentlemen’s Magazine. 

It is my purpose tonight to speak of the collection 
on the history of chemistry, which is the largest and 
most important part of the Library. Dr. Smith began 
the collection of this material as a recreation from 
more serious duties during his provostship of the 
University of Pennsylvania. I was fortunate enough 
to be associated with him during that period and to 


* Address delivered at the Franklin Institute in Philadelphia 
on January 20, 1933, before the Special Libraries Council of 
Philadelphia and Vicinity. 

{ Curator of the Edgar Fahs Smith Memorial Library. 


share with him the adventures of collecting. Much 
material was assembled pertaining to alchemy and the 
alchemists, and many interesting incidents arose. 
I well remember the day he purchased from a dealer 
in New York an autograph of Henry Cornelius Agrippa, 
German alchemist, who lived from 1486 to 1535. In 
less than a week, Dr. Smith received a radiogram from 
Sweden offering to relieve him of the purchase at 
double the price. Surely a fair demonstration of the 
magic power of Agrippa to transmute baser materials 
into gold! But the Provost decided to hold the 
signature. Nothing daunted, the determined col- 
lector in Sweden, finding money of no avail, sent several 
tempting manuscripts of French and German chemists, 
any or all of which he offered in exchange for the 
coveted autograph. Greatly entertained by the spirit 
of his antagonist, Dr. Smith enjoyed reading the letters, 
which he finally returned to Dr. Waller, politely re- 
gretting his preference for Agrippa. Still there was 
no peace in Sweden, and another mail brought rare 
manuscripts of Swedish chemists—Berzelius, Mosander, 
and Sefstrém, which were offered in exchange, together 
with a bonus in gold. The Swedish letters, long de- 
sired, proved too great a temptation to the Provost; 
he kept them but declined the gold. And so Agrippa 
was sent across the sea to Sweden and another inter- 
national truce was declared. 
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A stirring moment was the chance finding of a rare 
print in Boston for the sum of thirty-five cents. Some 
years later, before prosperity went around the corner, 
a duplicate was offered in New York for seventy-five 
dollars. 

The fame of the little collection spread abroad in 
the world of chemistry and, in 1926, when the American 
Chemical Society, of which Dr. Smith was thrice 
president, met in Philadelphia, Professor Bertrand, 
successor to Pasteur as head of the Pasteur Institute, 
found his way to the office. In perusing dealers’ 
catalogs of old manuscripts in Paris, he said he had 
been considerably annoyed to be told, after having 
selected an item, that he was too late—it had been 
sold to Monsieur Smith of Philadelphia. He said 
part of his object in coming to America was to see 
Monsieur Smith and his collection. He spent two 
afternoons in viewing it, and pronounced it one of the 
most interesting of which he had knowledge. He 
praised especially the items in regard to Madame Curie 
and Pasteur. Prince Conti of Italy, Dr. Ernst Cohen 
of the University of Utrecht, Sir James Irvine of St. 
Andrews, and Professor Paul Sabatier of France 
visited us at the same time. 

After Dr. Smith’s death, the Library was presented 
to the University of Pennsylvania and generously 
endowed by his widow, Mrs. Margie A. Smith. It is 
to her interest and self-sacrificing devotion that we 
owe the Library, which was opened to the public in 
March, 1931. Through the courtesy of the Uni- 
versity authorities, it is housed in Dr. Smith’s former 
offices in the John Harrison Laboratory of Chemistry. 

The collection in the history of chemistry consists 
of rare books, prints, and manuscripts of chemists of 
all ages and nationalities. Because of the close rela- 
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tionship of chemistry to medicine and physics, it is 
fair to say that the collection drifts over the borderline 
into medicine with Paracelsus and the iatro-chemists, 
and later into physics with Thomas Graham and others, 
one of our most recent acquisitions being autograph 
letters of Sir Oliver Lodge and Dr. Max Planck, Nobel 
Prize winner, acquired through the generosity of Dr. 
Cope of the department of physics. Among our 
treasures in chemistry is a copy of the “Alchemy’’ of 
Geber, the most distinguished of the Arabian al- 
chemists, printed in Latin in 1545 and bound in vellum 
bearing a portion of an illuminated Latin hymn, 
taken perhaps from some old monastery. It has 
been carefully studied by an ancient scholar and bears 
many marginal notes in Latin. We have the first 
edition of “The Truth and Antiquity of Chemistry” 
by Robert Vallensis, published in Paris in 1561 in 
Latin italic type—original binding—forty-eight leaves 
in all. This book was the subject of an address by 
Dr. John Ferguson before the Royal Philosophical 
Society of Glasgow some years ago. He designated 
it as the first attempt at a history of chemistry ever 
made. Of the particular edition which we have, he 
knew of but one which was in the British Museum. 
He said, ‘“‘This is a book of the greatest rarity—it has 
possibly been easily destroyed because of its tiny 
dimensions.” For this treasure we are indebted to 
Dr. Walter T. Taggart, of the University of Penn- 
sylvania. Boerhaave’s famous ‘‘Elements of Chem- 
istry,” originally appearing in 1724, is represented by 
several editions. We have the translation by Peter 
Shaw which, as was recently pointed out by Dr. 
Samuel S. Hepburn of Hahnemann Medical College, 
was used as a textbook in the course in chemistry 
given by Provost William Smith at the University 











of Pennsylvania in 1756. This book was so popular 
that it appeared in thirty-five editions, some of which 
were spurious, being printed by Boerhaave’s students 
for their own profit. To combat this he personally 
autographed all copies of the edition of 1732, one of 
which is in our collection. ‘‘Theatrum Chemicum,” 
compiled by Elias Ashmole, published in London in 
1652, is represented in a fine copy in original binding. 
In this may be found the famous “‘Ordinall of Alchemy”’ 
by Thomas Norton, and a poem by Chaucer dealing 
with the mysteries of alchemy. Our particular copy 
was at one time a part of the library of Sir Isaac 
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Newton, and bears his bookplate. The bookplate of 
Lord Cornwallis appears in a learned tome by Bomare 
published in 1768; and the autograph of Samuel 
Taylor Coleridge, another poet fascinated by the 
mysticism of alchemy, appears in Barchusen’s ‘‘Ele- 
ments of Chemistry” published in 1718. There is a 
‘beautiful copy of Agricola’s ‘‘De re Metallica,” which, as 
you know, was translated by Ex-President and Mrs. 
Hoover in less trying days. 

When a comprehensive history of chemistry comes 
to be written, and the réle played in its development 
by various nations is adequately portrayed, there is 
source material here for such a history which perhaps 
cannot be duplicated in any one place. We have 
much material pertaining to the Colonial chemists, 
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the pioneers of the science in America—James Wood- 
house, Robert Hare, Joseph Priestley, Thomas Cooper, 
Benjamin Silliman, and others. In staid New England 
lived an American alchemist, John Winthrop, Jr., 
Governor of Connecticut. It was of him that Ezra 
Stiles, president of Yale University, wrote in his diary 
on August 22, 1777: ‘‘Governor’s Ring, a mountain 
in the N. W. Corner of East Haddam is the place to 
which Governor Winthrop of New London, used to 
resort with his servant; and after spending three 
weeks in the woods of this mountain in roasting ores, 
assaying metals and casting gold rings, he used to re- 
turn home with plenty of gold.’ What a delightful 
way to meet the deficits we hear about today! 

The purpose of the Smith Memorial Library is to 
supply source material to those who are interested in 
writing upon various phases of the history of chem- 
istry. Although the Library is young, we have been 
fortunate in establishing interesting contacts, supply- 
ing material to individuals and universities in this 
country and abroad for the preparation of books and 
papers. The students of the University of Penn- 
sylvania enjoy the benefit of the material in that 
Dr. H. S. Lukens, director of the department of chem- 
istry and chemical engineering, is using much of it to 
illustrate his lectures on the history of chemistry. It 
is our hope eventually to publish a catalog which will 
be distributed to universities and libraries so that those 
interested may know of the material which is available. 

The Library has recently been enriched by hundreds 
of rare books and prints purchased by Dr. Taggart in 
Europe and generously presented by him. Mr. 
Frederick E. Brasch, of the Library of Congress, has 
been kind enough personally to advise us in the work of 
cataloging. Dr. Charles A. Browne, of the U. S. 
Department of Agriculture, one of the foremost his- 
torians in chemistry, visits the Library at intervals 
and has been generous in his donations to it. 

Although chemistry may be regarded by many of 
you as foreign to your immediate interests, it really 
is not so. “It comes close to every one’s hearth and 
home. It is of more immediate and useful application 
to the everyday concerns of life—it operates more 
upon our hourly comforts than any other branch of 
science whatsoever. In every employment we feel 
its influence or want its aid.” 

As for the Library, in the time allotted me, I cannot 
describe the books and their authors to you. I have 
grown up with them—I have learned to know them 
under the enthusiastic teaching of the master, Edgar 
Fahs Smith, who, in the language of a learned critic 
“put flesh on the skeletons of pioneers of the science, 
making them living, breathing personalities.’”’ They 
have become real people to me. They crowd in on 
me and say, ‘“Remember me, do not leave me out’’— 
and it is hard for me to play favorites, particularly in 
dealing with adepts of the black art—who knows what 
mischief might come of it! And so I can only cordially 
invite you to come and see them, and assure you of a 
very hearty welcome. 
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SOURCES of ORES of the 
FERROALLOY METALS’ 


ERNEST F. BURCHARD} 


United States Geological Survey, Washington, D. C. 


Since all steel 1s made with the addition of alloying 
elements, the record of the metallic raw materials con- 
tributory to the steel industry would be far from complete 
without reference to the ferroalloy metals. This paper, 
therefore, supplements two preceding arvicles on the 
sources of our iron ores.** The photographs, with the 
exception of those relating to molybdenum and vanadium, 
are by the author. 


+++ + + + 


LLOYS of iron with other elements, chiefly 
metallic but not necessarily so, constitute the 
ferroalloys. They are used in the manufacture 

of steel for two general purposes; viz., through incor- 
poration into it some give the steel certain physical 
properties, others through exerting a cleansing or puri- 
fying action in the molten bath disappear finally into 
the slag. Nearly all the known chemical elements 
have been investigated with a view to their employ- 
ment in the manufacture of steel and but a minor part 
of them have been found commercially acceptable. 
Some thirty elements have been found to affect the 
properties of steel in one way or another, but only 
about fifteen of these are used to any extent and less 


‘ * Published by permission of the Director, U. S. Geological 
urvey 

{ Geologist U. S. Geological Survey, Washingtoh, D. C 

** See J. Cuem. Epuc., p. 195ff. (Apr., 1933) and p. 2887. 
(May, 1933). 


than that number are commonly used. A few ferro- 
alloys are used in industries other than that of steel 
manufacture. Most of the additions to the molten 
steel are in the form of definite ferroalloys but certain 
of the alloying elements may be added directly to the 
steel. Unlike iron, in which the United States is self- 
sufficient, the ores of some of the ferroalloy metals are 
found in larger deposits and of higher quality in foreign 
countries, so that the question of self-sufficiency of this 
country assumes interest and importance. This paper, 
supplementing an earlier one on sources of iron ores, 
outlines briefly the sources of the, ferroalloy metals. 


FERROALLOYS 


The commoner ferroalloys, roughly in the order of 
rank of production in the United States, are: ferro- 
manganese, ferrosilicon, spiegeleisen, ferrochrome, ferro- 
phosphorus, ferrovanadium, ferrotungsten, ferromolyb- 
denum, ferrotitanium, ferrozirconium, and zirconium- 
ferrosilicon. 

Besides the alloying elements involved in the various 
ferroalloys there are several that are added in minute 
quantities to steel to produce certain effects in the 
molten metal in the furnace or to give it certain proper- 
ties. Among these are aluminum, beryllium, calcium, 
cerium, cobalt, copper, nickel, selenium, sulfur, and 
tantalum, but only the more important elements will 
be noted here. 
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The World War brought to the fore the problem of 
national self-sufficiency in mineral supplies. Acting 
on knowledge existing at the close of the war, the Com- 
mittee on Foreign and Domestic Mining Policy of the 
Mining and Metallurgical Society of America in 1921 
gave consideration to the mineral reserves of the United 
States in their world relations. The mineral supplies 
were classified into four divisions: A, minerals avail- 
able in large quantities for export; B, minerals of ade- 
quate supply without great excess or deficiency; C, 
minerals inadequate to meet domestic demands and 
partially dependent on foreign sources of supply; and 
D, minerals for which the United States will have to 
depend almost entirely on foreign sources. 

The following table will indicate the rating which 
the various ferroalloy elements might receive under 
such a classification. It must be borne in mind, 
however, that conditions may arise which would cause 
a change in position in the table. For instance, the 
committee originally placed molybdenum in Class B, 
but extension of known deposits and discovery of new 
ones makes it justifiable to move molybdenum into 
Class A. Likewise, improvements in methods of clean- 
ing and concentrating ores may make available large 
supplies of low-grade ores not otherwise valuable, and 
changes in metallurgy and substitutions may alter the 
importance of certain ferroalloys, so that in times of 
emergency the domestic supplies of the scarcer alloying 
elements might suffice. 


INDICATED ABILITY OF UNITED STATES TO SupPLy Its NEEDS OF 
FERROALLOY ELEMENTS FROM Domestic DEPOSITS 


B Cc 





D 








Aluminum......... x 

Chromium......... = 
Manganese........ 
Molybdenum...... 


Phosphorus........ 


RRR 6 066000608 
OTL, si0:0.c 005.00 x 
VORA. 62.5050 x 


Zirconium......... x 


Specific references to sources of information on the 
alloying substances will not generally be given in the 
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text of this paper, but at the close will be found a list 
of references to which the writer is indebted and which 
will afford much more complete descriptions of the 
minerals than can be given here. 


NOTES ON ALLOYING ELEMENTS 


Aluminum.—Aluminum occurs very widely among 
the silicate minerals and is an essential constituent in 
more than 100 other minerals. The only commercially 
available ores, however, are hydrated oxides of alumi- 
num. Two definite minerals are listed as hydrated 
oxides; viz., diaspore, the monohydrate (Al,0;-H,0), 
and gibbsite, the trihydrate (Al,O;-3H:O). These 
minerals, when pure, contain, respectively, 85.01% and 
65.41% of alumina (Al,O;). It was formerly con- 
sidered that an intermediate, or dihydrate (Al,0;-- 
2H.0), containing 73.93% of alumina existed as baux- 
ite. However, the definite mineral corresponding to 
the formula of the dihydrate of alumina seems not to 
have been identified, and its existence is doubtful. In 
view of these conditions, it seems that the term ‘‘baux- 
ite’’ may properly be applied to an amorphous mixture 
of hydrates of alumina containing percentages of 
water intermediate between those of diaspore and 
gibbsite. 

In accordance with commercial usage, the aluminum 
ore will be referred to here as bauxite. Bauxite is 
found in surface deposits, and is believed to be mostly of 
lateritic origin, and to have been formed by thorough 
weathering in moist, hot climates of rocks that con- 
tained much aluminum silicate. There is a wide range 
in the character and age of the rocks with which bauxite 
is associated. Sedimentary clays and sands of Tertiary 
age as well as syenite, dolerite, and hornblendic rocks 
have all altered to lateritic bauxite in widely separated 
localities, although generally only where climatic 
conditions at certain times have favored lateritization. 

Bauxite is found in practically every continent. In 
North America the deposits are practically all in the 
United States, although the occurrence of bauxitic 
material has been reported on Vancouver Island, British 
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Columbia. The best known occurrences in the United 
States are in central Arkansas, central and northwest 
Georgia, east Tennessee, northwestern Alabama, 
and northeastern Mississippi. In Cuba the laterites 
are highly ferruginous and not sufficiently aluminous 
to constitute an ore of aluminum. 

In South America the bauxite deposits of present 
greatest importance are in British Guiana, but rich 
deposits occur also in Dutch Guiana (Surinam) and in 
French Guiana. The writer has observed small de- 
posits of good bauxite overlying the rich deposits of 
hematite in the states of Bolivar, Venezuela, and of 
Minas Geraes, Brazil, but no production appears to 
have come from these two localities. 

In Africa bauxite is reported to occur in the north, 
west, south, and east parts of the continent, and on 
some of the neighboring islands, such as Madagascar. 
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num (3NaF-AIF;) which, when pure, should contain 
12.8% of aluminum. Formerly it was used as a source 
of aluminum, but for this purpose has been replaced by 
the cheaper ore, bauxite. It is, however, a very 
important reagent in the present electrolytic reduction 
process as a solvent for alumina. The only com- 
mercial deposit of cryolite is at Ivigtut, in southwest 
Greenland. 

Chromium.—Chromium is a constituent of twelve 
or more minerals such as oxides, chromates, sulfates, 
and silicates. The commercial source of chromium is 
chromite, an oxide of chromium and iron (FeO-Cr.0s3), 
which contains, when pure, 68% chromic oxide (46.66% 
metallic chromium) and 32% ferrous oxide. The geo- 
logic associates of chromite are the basic igneous rocks, 
especially peridotite altered to serpentine. The 
chromite occurs as grains, as aggregates of grains 
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Some very high-grade ore occurs in Nigeria, the Gold 
Coast, Nyassaland, and Tanganyika. 

Europe possesses deposits of bauxite in France, 
Hungary, Italy, Yugoslavia, Germany, Greece, Spain, 
Rumania, Ireland, Scotland, and possibly some occurs 
in Russia. 

In Asia the bauxite occurrences of India have at- 
tracted the most attention. In China reported oc- 
currences of shale of high aluminous content have not 
been shown to be bauxitic, and laterite in the East 
Indies does not appear to be good bauxite. 

Australia has deposits of bauxite in the western and 
northern parts, in Queensland, and New South Wales. 

In 1929 more than one-half the output of aluminum 
ore was produced in Europe and the remainder came 
almost entirely from the United States, British Guiana, 
and Dutch Guiana. 

Other minerals that contain aluminum that have been 
considered as possible sources of aluminum are cryolite, 
kaolin, feldspar (labradorite), leucite, and alunite, but 
only one of these, cryolite, is, under present conditions 
and practices of reduction, of value to the aluminum 
industry. Cryolite is a fluoride of sodium and alumi- 
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(spotted ore), as masses that range from a fraction 
of an inch in diameter upward, and as tabular or dike- 
like bodies many feet in thickness. Commercial ores 
usually carry 40 to 50% or more of chromic oxide. 
Lower grades are brought up to commercial grade by 
mechanical concentration. 

Deposits of chromite are foumd widely distributed 
throughout the world. The most valuable deposits 
are considered to be in New Caledonia, Rhodesia, 
Turkey, and Russia, but there are less valuable deposits 
in the United States, Canada, Cuba, Brazil, India, 
Greece, Australia, New Zealand, Japan, and Guate- 
mala. 

Chromite deposits have been known in the United 
States since 1828 and this country was the chief source 
of the world’s supply until 1860. Deposits along the 
Pennsylvania-Maryland border were the first mined 
but later California became the principal source. Since 
chromite is so highly essential to the steel and chemical 
industries, its value becomes greatly enhanced in times 
of war, and during the period 1914 to 1919 there was 
great activity in exploring for and in opening old and 
new deposits of the mineral in the United States. 





JouURNAL OF CHEMICAL EDUCATION 











STOCKPILE OF MANGANESE ORE ON Dock AT SANTIAGO DE CUBA FOR SHIPMENT DURING WORLD WAR 


Some deposits of low-grade ore were brought to notice 
in western North Carolina, but in California, Oregon, 
Washington, Montana, Wyoming, and Alaska, there 
were important new discoveries. During 1918 the 
United States demonstrated its ability to supply its own 
emergency needs, and, in fact, produced more crude 
chromite than any other country. After the war, 
most of the domestic mines were closed and ore ship- 
ments from overseas, mainly from Oceania, were re- 
sumed. More recently Africa has been the largest 
producer, southern Rhodesia having produced 43% 
and the Union of South Africa 10% of the world out- 
put. Closely following in magnitude of production are 
New Caledonia, Cuba, British India, and Yugoslavia. 

Cobalt.—Cobalt is generally associated with nickel 
but is less abundant. It is usually found as an arsenide, 
such as smaltite (CoAs,), and as a sulfarsenide, cobalt- 
ite (CoAsS), or in oxidized salts derived from those 
compounds. Earthy hydroxides of cobalt and man- 
ganese are known as asbolite. The world’s supply of 
cobalt comes principally from the Belgian Congo and 
from Canada but small quantities have been produced 
in Australia, India, and China. In 1931 a small 
quantity of cobalt-manganese ore was shipped from 
northeastern Alabama, the first domestic production 
of domestic ore since 1921. 

The United States is not self-sufficient with regard to 
supplies of either nickel or cobalt ores for general 
metallurgical use, but possibly in times of emergency 
sufficient might be made available for the needs of the 
steel alloys. 

Copper.—Copper occurs as the native metal and in 
combinations with other elements such as sulfur, an- 
timony, arsenic, iron, oxygen, carbon, and _ silicon. 
The most common ore minerals are chalcocite (CueS) 
and chalcopyrite (CuFeS,). Most copper ores con- 
tain variable quantities of other metals, such as lead, 
zine, gold, and silver, so that in many mines the value 
of precious metals recovered from copper ores is con- 
siderable and in some even exceeds that of the copper 
itself. 

Copper occurs in the metallic form, notably in the 
Lake Superior region of the United States, in the 
amydules of an amygdaloidal basalt and in the inter- 


stices of conglomerate, in veins, and as a replacement 
of the associated igneous rock. In a second type of 
deposit copper sulfides are associated with other 
minerals in veins in sedimentary, metamorphic, or 
igneous rocks, and in a third type copper minerals are 
disseminated through large masses of local rock, such 
as porphyry and schist. 

Deposits of copper are widely distributed in all the 
continents, and there are large reserves in the United 
States, Mexico, Chile, Peru, Spain, Russia, Japan, 
Australia, the Belgian Congo, Rhodesia, and the Union 
of South Africa. In 1929 the United States produced 
nearly 47% of the world’s output, Chile 16.5%, and the 
remainder was divided among twenty-one other coun- 
tries. Only a very small quantity of copper is used in 
the steel industry. 

Manganese.—The common manganese minerals are 
the oxides, carbonates, silicates, and sulfides. The 
ores are mainly oxides and may be divided as to their 
composition and associations into manganese ores, 
manganiferous iron ores, manganiferous silver ores, 
and an artificial product known as manganiferous 
residuum obtained after roasting the zinc out of Frank- 
linite, a mineral consisting of zinc, iron, and manganese 
minerals. The important manganese oxides are psilo- 
melane, pyrolusite, braunite, hausmannite, manganite, 
and wad. 

Psilomelane is a hydrated oxide of manganese of in- 
definite composition in which may be admixed minor 
quantities of potassium, barium, cobalt, and nickel. 
The proportion of metallic manganese is variable and 
may amount to more than 67%. The mineral is bluish 
to gray-black, amorphous, with a tendency to botryoidal 
surfaces and concentric structure. The hardness is 5 
to 6 and the specific gravity is 3.7 to 4.7. 

Pyrolusite is manganese dioxide (MnOs, generally 
containing a little H,O). When pure, which is rare, it 
may contain 63.2% of metallic manganese. It is a 
grayish black to black mineral having a granular, 
needle-shaped, or crystalline structure. It is com- 
monly associated with psilomelane, filling or lining 
cavities in the latter. Pyrolusite is a soft mineral, 
having a hardness of only 2 to 2.5 and its specific 
gravity is 4.8. 
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Braunite (3Mn,0;:MnSiOz) is a brownish or grayish 
black mineral generally crystalline but may be massive. 
The specific gravity is 4.8 and hardness, which is a dis- 
tinguishing characteristic, is 6 to 6.5. The mineral 
contains about 63.6% manganese. 

Hausmannite (Mn;0,) is a brownish black mineral 








Pack MuLes CARRYING MANGANESE ORE, 
ORIENTE PROVINCE, CUBA 


that occurs in crystalline or granular form. Its theo- 
retical percentage of manganese is 72.05, its specific 
gravity is 4.7 to 4.8, and the hardness is 5 to 5.5. 
Manganese is a constituent of one hundred thirty 
or more distinct minerals such as sulfides, sulfates, ar- 
senides, arsenates, antimonates, phosphates, tungstates, 
borates, titanates, and niobates. Manganese minerals 
are widely distributed in the crust of the earth, both 
geologically and geographically. Like iron, the element 
is found in sedimentary and igneous rocks and in those 
that have been metamorphosed. Some forms in which 
the manganese minerals occur are: (qa) as interlayered 
or stratiform masses with sedimentary, igneous, or 
metamorphic rocks, and as surface bogs; (5) in veins 
and breccias; (c) in irregular masses that replace 
other rocks; and (d) in residual clay or weathered rocks. 











DISCOVERY OUTCROP OF MANGANESE ORE ON MORRO DA 
Mina, Minas GERAES, BRAZIL 


Although a map of the manganese deposits in the 
United, States, like one of iron ore deposits, reveals a 
great number widely distributed, it is nevertheless 
misleading. Even though deposits are abundantly 
distributed in the southern Appalachian states of 
Virginia, East Tennessee, northwest Georgia, northeast 
Alabama, and in Arkansas, Colorado, New Mexico, 
Arizona, Utah, Nevada, and California, with a few de- 
posits in Minnesota, central and southwestern South 
Dakota, Montana, Oregon, and Washington, most 
of the domestic ores are of low grade and the deposits 
are not as large as many in certain foreign countries. 
Only under the stimulus of high price and urgent 
necessity, such as prevailed after the United States 
became involved in the World War, has it been possible 
to bring the production of manganese metal for use in 
alloys made from domestic ore up to as much as 35% 
of the requirements.' 

Foreign countries that have deposits of manganese 
ore of such magnitude and richness that they play an 
important part in the world supply are Cuba, Brazil, 
the Gold Coast of Africa, the Union of South Africa, 

1 HEweETT, D. F., “Manganese and manganiferous ores in 


1918,” U. S. Geol. Survey, ‘‘Mineral resources of the United 
States, 1918,” pt. 1, p. 640 (1920). 
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Egypt, Morocco, Turkey, Russia, and India. In 
fact, certain of these countries, such as Russia, India, 
the Gold Coast, and Brazil possess deposits that domi- 
nate the supply to the United States even under the 
handicap of a high tariff because it is possible to pro- 
duce from them a steady and dependable supply of 
direct shipping ore, while the ore from most domestic 
deposits must be crushed and washed or leached to 
separate the manganese minerals from the associated 
clay, sand, and rock. Russia, India, the Gold Coast, 
and Brazil produced in 1929, the last year for which 
complete statistics are available, more than 86% of 
the manganese ore output of the world and the re- 
mainder, mostly lower grade ore, was produced in 
about twenty-eight other countries. 

Molybdenum.—Three minerals that contain molyb- 
denum are commercial sources of this metal. They are 
molybdenite, the sulfide (MoS), wulfenite, lead: molyb- 
date (PbMoO,), and molybdite, molybdenum-iron 
hydrous oxide, or molybdic ochre. Molybdenite, the 
most abundant of these minerals, is found in dikes of 
pegmatite, in veins of quartz, in granular and por- 
phyritic rocks, such as granite, and in deposits formed 
at the contacts where certain rocks have been in- 
truded by igneous rocks. Wulfenite is a constituent 
of oxidized portions of lead-bearing veins, and molyb- 
dite in places occurs as a product of alteration from 
molybdenite. 
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Cirmax MOLYBDENUM MINE (ABOVE AND AT RIGHT OF 
VILLAGE), Mosguito RANGE, COLORADO 


Molybdenum deposits have a wide distribution 
throughout the world, the following fifteen countries 
having been producers of the concentrates during the 
World War period: Australia, Austria, Bolivia, 
Canada, Chile, China, Chosen, Germany, India, 
Japan, Norway, Peru, Spain, Sweden, and the United 
States. The world requirements of molybdenum are 
small and in recent years not more than three or four 
countries have participated in its output, the United 
States having furnished 94% and Norway and Canada 
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the remainder. There are large known reserves of 
molybdenum ore in Colorado, and there are occurrences 
in other western states such as Arizona, Texas, New 
Mexico, California, Nevada, Utah, Oregon, Idaho, 
Montana, and Washington, and in Alaska; in the east, 
the mineral occurs in Maine. Canada is also known 
to possess large reserves. 

Nickel.—Nickel occurs in the metallic state in 
meteorites where it is alloyed with iron. Although 
it occurs in thirty-three or more minerals, according 
to Dana, only a few are utilized as ores. The principal 
classes of nickel minerals are the sulfides, such as pent- 
landite (FeNi)S, and the hydrous nickel-magnesium 
silicates such as garnierite (MgNiSiO; + mH,O) and 
genthite [HsNieMg2(SiO,)3-4H2O]. Nickel, like chro- 
mium and cobalt, is generally associated with the basic 
igneous rocks, dunite and peridotite, and the serpen- 
tines derived by alteration from them. Nickel is thus 
found in the chromiferous lateritic iron ore in the 
Mayari district of Cuba. The nickel minerals are 
widely distributed geographically. In the United 
States small deposits have been found in California, 
Colorado, Connecticut, Idaho, Maine, Missouri, Ne- 
vada, New Mexico, North Carolina, Oregon, Pennsy]l- 
vania, South Dakota, Virginia, and Washington. In 
former years some ore was produced in certain of these 
states but such efforts soon proved unprofitable in 
view of the possibilities of cheaper production in foreign 
countries. Nickel in small quantities occurs in copper 
and is recovered from it in refining, and this constitutes 
about the only domestic source of supply at present. 

The principal source of supply of nickel ore is the 
Sudbury, Ontario, district which produced about 
90% of the world’s production in 1929. New Cale- 
donia produced about 7.5%, Australia, Greece, and 
Norway supplied small quantities, and India produced 
about 1.5% as a by-product. 

Phosphorus.—Phosphorus has an unusually wide 
range of occurrence. It is a constituent of living 
matter, especially of bones; it is found in many sedi- 
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mentary rocks and in nearly all igneous rocks, and it 
even occurs in meteorites. In meteorites the element 
occurs as an iron phosphide, in igneous rocks its prin- 
cipal primary source is apatite [(CaCl)Ca,(PO,)3 or 
(CaF)Ca,(PO,)3], and in sedimentary rocks it occurs 
principally as tri-calcium phosphate. Since the ele- 
ment is found in so many rocks, the deposits are widely 
distributed throughout the world. In the United 
States there are large phosphate fields in Florida, 
South Carolina, Tennessee, Kentucky, Arkansas, 
Wyoming, Idaho, and Montana. In Florida and 
South Carolina the material is in the form of superficial 
deposits of nodules and pebbles but in Tennessee and 
the western States it forms persistent layers in bedded 
rocks. The principal use of phosphate rock is for the 
manufacture of fertilizer, and it is quarried or mined on 
so large a scale that the cost of the relatively small 
quantity of rock required for the manufacture of ferro- 
phosphorus is insignificant and the most important 
considerations are high quality and nearness of the 
deposit to the points of consumption. Ferrophos- 
phorus is made in the blast furnace and in the electric 
furnace, and the phosphate rock of Tennessee has 
served as a source of phosphorus for both methods. 
Silicon.—Silicon, which occurs commonly in silica 
(SiOz) and in silicates, is, next to oxygen, the most 
abundant element. Obviously there is no dearth of 
silica available for the manufacture of ferrosilicon in 
the United States, but it is essential that very pure 
silica be used, and this is obtained from vein quartz, 
quartzite, and from nearly pure silica sandstone. The 
quartzite of pre-Cambrian age which occurs at Sioux 
Falls, South Dakota, and on Georgian Bay, Ontario, 
as well as the St. Peter sandstone from Calhoun 
County, Illinois, have been used in furnaces in the 
United States. These rocks carry 99.5 to 99.8% SiOx. 
Titanium.—The most common titanium minerals 
are titanite (CaO-TiO,-SiO,), ilmenite (FeTiO,), rutile 
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(TiO), and perofskite (CaTiO2), and there are other 
forms and combinations of titanium dioxide. A rough 
count shows that more than forty minerals contain 
titanium. These minerals are found in igneous and 
metamorphic rocks, in pegmatite dikes and in veins 
throughout the world. Rutile and ilmenite are most 
commonly used as titanium ores and the output is 
chiefly used to manufacture titanium pigments rather 
than to manufacture ferrotitanium. 

The output of concentrates of rutile and ilmenite in 
the United States has come from mines in Virginia 
and from deposits of beach sands in Florida. Both of 
these minerals are also imported into the United 
States. IIlmenite has come from Canada, Brazil, 
India, Senegal, Africa, Norway, and Portugal. 

Tungsten.—Tungsten is found as an important con- 
stituent in only nine or ten definite minerals. The 
minerals that serve as commercial ores of tungsten are: 
ferberite, iron tungstate (FeWO,), containing, if pure, 
60.53% of tungsten; hubnerite, manganese tungstate 
(MnW0O,), containing 60.73% of tungsten; wolframite, 
considered to be a mixture of molecules of ferberite and 
hubnerite; and scheelite, calcium tungstate (CaWO,), 
containing 63.88% of tungsten. The iron and man- 
ganese tungstates have a metallic appearance, but 
scheelite, being nearly white, has more of the appearance 
of a non-metallic vein mineral. All have a high specific 
gravity, as have also the tungsten alloys. 

Tungsten minerals are found in association with 
intrusive masses of granitoid rocks. The minerals 
occur as segregations in dikes, veins, replacements 
of the surrounding rock, in contact-metamorphic 
deposits, and as grains in placers, or the loose residual 
material in streams. 

Deposits of tungsten ores occur in all of the con- 
tinents but the majority of the larger deposits have 
been observed to be relatively near the Pacific Ocean. 
The most important deposits are in the western 
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SITE OF OPERATIONS OF VANADIUM CORPORATION OF AMERICA ON EASTERN SLOPE OF WESTERN CORDILLERA, 
AT MINASRAGRA, PERU . 


Mine in middle left of view; roasting plant at right. 


United States, in China, Burma, Bolivia, Portugal, 
Korea, and the Federated Malay States, although 
Japan, Argentina, Spain, Australia, Germany, and 
England have made considerable production. In the 
United States, most of the deposits are in South 
Dakota, Montana, Colorado, New Mexico, Idaho, 
Utah, Arizona, Nevada, California, Oregon, and 
Washington. Sporadic occurrences have been reported 
from several places in the eastern United States, but 
the only place in this area where it has been mined is 
at Trumbull, Connecticut. The general conclusion 
that may be based on these facts is that the granites 
of the Rocky Mountain region are richer in tungsten 
minerals than those of the Appalachian region. This 
may be merely because the deposits were originally 
near the outer margins or roofs of the granite masses 
and have been more largely removed by erosion from 
the older Appalachian surfaces. 

China is reported to have produced more than one- 
half, and Burma one-fifth of the world’s total output 
of tungsten concentrates in 1930. Of the other 
producing countries the Malay States furnished more 
than 6%, Bolivia 5%, the United States 4%, Portugal 
2%, and Australasia, Indo- 


Altitude about 15,500 feet. 


dation; vanadinite [PbCl.-3Pb3;V20s], descloizite [4(Pb, 
Zn)O-V205:H:O], and vanadates of lead containing 
more or less copper and zinc; carnotite [K,O-2UO; -- 
V205:8H2O] and roscoelite (AlV2:KH2SigO2s). Patro- 
nite, one of the most important of the ore minerals 
is found at Minasragra, Peru, in a vein associated 
with asphaltic material and in the nearby shale. As- 
phaltic material in many other places carries vanadium. 
Carnotite occurs in southwestern Colorado and south- 
eastern Utah in sandstone where it is associated 
with fossilized wood or other vegetal matter. Other 
western states and Mexico possess deposits of vana- 
dinite and other oxidized vanadium minerals. It is 
also found in small quantities in ilmenite, and in some 
sedimentary iron ores in France. 

As indicated above vanadium minerals have a wide 
distribution. In 1929 the production of the ores came 
from five countries. Peru produced nearly 60% of 
the total for the world, Southwest Africa 20%, the 
United States about 17%, and Northern Rhodesia 
nearly 4%. ; 

Zirconium.—Zirconium is alfied to titanium and is 
a constituent of igneous rocks where it occurs as the 

silicate (ZrSiO,), the mineral 





China, and Spain each 
about 1% while the remain- 
ing 38% came from nine 
other countries. 
Vanadium.—There are 
eleven or twelve minerals 
in which vanadium is an 
important constituent. 
Several of these are avail- 
able as sources of the metal, 
such as patronite, the sul- 


zircon. At one of the best- 
known localities near Zir- 
conia, North Carolina, zir- 
con occurs in a large peg- 
matite dike. The mineral 
is also found in monazite 
sands in streams and depos- 
its of debris in North and 
South Carolina. The quan- 
tity required in the ferro- 


bees alloy industry is very small, 





fide (V2S; + mS) and several 
minerals formed by its oxi- 


LLAMAS CARRYING VANADIUM ORE IN PERU 


indeed, and it can be sup- 
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plied from domestic sources. 
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The table on p. 366 summarizes the production of 
the common ferroalloy minerals in the principal pro- 
ducing countries and indicates the percentage of the 
world’s output yielded by each in the year 1929, 
which is the latest year for which statistics from most 
of the foreign countries are available. 
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REPAIRING BROKEN MERCURY 
COLUMNS un THERMOMETERS 
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REQUENTLY instructors find thermometers 
Bric mercury columns broken into short sections 

which are so widely separated that their accuracy 
is greatly diminished, if their usefulness is not entirely 
destroyed. These may be repaired in most cases, at 
least, by any one, if he will follow carefully the method 
described. These suggestions may not be new to many, 
but since the writer has never seen them in any pub- 
lication he passes them on in the hope that they may 
prove helpful to some one, 

Adjust a medium-sized ring on a ring-stand so that 
it will be at the proper height for heating objects upon 
it with a low flame. Lay a wire gauze upon the ring 
and set a small beaker, 50 to 100 cc., upon it. Thrust 
the thermometer to be treated through a one-hole 
cork or rubber stopper, leaving the upper three or four 
inches projecting beyond the cork. By means of a 
buret clamp adjusted to the cork and ring-stand 
suspend the thermometer so that the mercury bulb is 
one-half inch or more above the bottom of the beaker 
and fasten securely. Add enough glycerin to cover the 
mercury bulb; some other liquid with a high boiling 
point may be used instead of glycerin. For thermome- 
ters with a range above such liquids a salt or compound 


with a low melting point and a high boiling point may 
be substituted. 

Heat the beaker slowly—very slowly toward the 
last—until the mercury below the last gap in the col- 
umn rises into the cavity at the top of the tube. Then 
remove the burner and gently tap the thermometer 
near the top as the temperature drops slowly. It is 
almost certain that the mercury will leave the cavity 
as a continuous column. This method has never 
failed to work for the writer upon first trial, but should 
it not be successful at first repeat the heating and tap- 
ping as directed. The writer has never had occasion 
to try the method on a thermometer which has no cavity 
at the top of the mercury tube but he believes that the 
procedure may be easily modified to handle such cases. 

After trying the above method, Mr. T. A. Frick, of 
Hiwassee College, reports that in case the mercury 
has been driven up, by careless students, into the cavity 
at the top of the tube and is stuck, it can be easily 
dislodged by inverting the thermometer and heating the 
upper end of it until most of the mercury has been 
driven out of the cavity and suddenly righting again. 
The tendency is for all the mercury to run down the 
tube and form an unbroken column. 
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MONG the records of the past, 

tending to reveal the transmission 

of the culture of one civilization to 
another widely separated from it in geo- 
graphical position and in intellectual de- 
velopment, is the manuscript known to 
scholars as “El Lapidario de Alfonso el 
Sabio.”’ This Alfonso, tenth of the name, 
reigned in Aragon in the thirteenth cen- 
tury. Those were troublous days in 
Toledo, where Alfonso held court. Ag- 
gressive neighbors and scheming relatives were con- 
stantly attacking his kingdom and slowly despoiling 
him of the great territory left him by his father, 
Fernando III, for, truth to tell, Alfonso had little heart 
for warfare and the hurly-burly of the battlefield. He 
was a Scholar, a “lover of science and philosophy.’”’ He 
enjoyed the quiet of his library where he threw himself 
whole-heartedly into the study of the ancient manu- 
scripts brought there from all parts of the known world. 
Many of these documents had been collected by Arch- 
bishop Raimundo in the previous century. During 
his administration scholars had assembled there to 
translate from Arabic into Latin those precious records 
of the past. 

Alfonso was not, however, interested solely for him- 
self in these manuscripts. He wanted to share this 
knowledge with his people and thus raise them out of 
their ignorant, benighted condition. To accomplish 
this, he ordered many of the Arabic manuscripts, the 
Qur’an, the animal stories of Kalilah and Dimnah, and 
a book on stones, to be translated into Spanish, to the 
end that his people might read for themselves in their 
own language those famous writings. For the great 
good that he thus bestowed upon his countrymen, he 























EL LAPIDARIO DE ALFONSO EL SABIO, 1278 
Original in the Library of San Lorenzo in Escorial. 


is universally called Alfonso el Sabio, and for this work, 
rather than as king of Spain, he is remembered today. 

The Alfonsine lapidary, or book of stones, gives 
us an insight into the actual knowledge which men had 
in those far-off days and the uses to which they put it. 
The manuscript, preserved in the Library of San Lo- 
renzo in Escorial, is a, beautiful text, written on vellum 
in bold Spanish-Gothic and magnificently illuminated 
with large initial letters, marginal scrolls, and symboli- 
cal tailpieces. It is a rare work, revealing delicate 
technic in the use of line and color, and great imagina- 
tion in depicting scenes illustrative of the subject 
matter of the text. There are four folios, containing de- 
scriptions of four hundred ninety-two stones. 

In the introduction, Jehudah Mosca, the Younger, 
and Garcia Pérez, who, at the bidding of Alfonso, were 
translating the Arabic text into Spanish, give the history 
of the coming of the manuscript to Toledo. They tell 
us that Abolays, a Toledan by residence, but a Chaldean 
by descent, aware of the high esteem in which his 
countrymen were held for their contribution to the 
science of the Greeks, desired that their achievement 
be known in Spain. Therefore, he translated into 
Arabic this ancient Chaldean book of stones. With the 
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scientific theory of Aristotle that matter could be 
classified according as it was hot, cold, dry, or moist, was 
incorporated the theory that there was a certain in- 
herent virtue imparted to each stone by the heavenly 
bodies. 

This doctrine the Syrians and Chaldeans had learned 
from the Neo-Platonists, who preached in Asia Minor in 
the third and fourth centuries. They taught that the 
stars and constellations controlled the properties of 
stones as well as gave signs of the future. It is this 
aspect of the supernatural which differentiates this 
lapidary from others of the Middle Ages. It contains 
also much material which must have come overland by 
caravan routes from the Orient, for we find considerable 
familiarity with far-eastern lore and geography. Many 
of the names of stones and places are difficult to inter- 
pret due to misunderstandings and to radical differences 
in the various languages. In many instances, however, 
in addition to the Arabic name, the Latin equivalent, 
and sometimes even the Spanish name, are given. 

In the first folio, the signs of the zodiac form the basis 
of classification. The first is ‘‘Aries, which is the same 
as saying the sign of the sheep.” 


It is connected with Mars and the rising of the sun. The 
stone which is in the first rank is called Magnitas in Chaldean 
and Arabic, Magnetes in Latin, and Aymante in Castillian. 
This stone is black in color and the best of them are found in the 
land of India in that part near the sea. It has natural virtue in 
itself, namely that of drawing, or attracting, iron to itself with 
great force. This seems a great wonder to those who do not 
know the nature of the property residing in this stone which is 
hot and dry, to attract iron, which is cold and dry. We say that 
one ought not to wonder, or marvel at this, because if one would 
stop to think of the words of the wise, one would find that all 
things attract in one of two ways, either by likeness, or by unlike- 
ness. And the attraction which this stone exerts is according to 
its strength. In the land of India, the mountain, where they 
find this Magnetes, is near the sea where the ships pass close to 
land, and such is its power that it draws the nails out of the ships, 
which then founder upon the rocks. And the marvel is that 
iron, which overcomes all other metals by its own strength, is 
itself overcome by the virtue in this stone and made to come 
against its will. Thus it shows that attraction is more through 
force of unlikeness than through likeness. And so great is the 
virtue that the iron receives from this stone that it draws to 
itself other smaller bits of iron so that they attach themselves 
to it, as to the stone. . . . And he who would like to know with 
what stars this stone has relation and from which it receives its 
strength and virtue (intrinsic worth), let him know that they 
are those three in Pisces. And the property, which this stone 
has to attract iron, is due to the virtue it receives from the stars. 


Such is the story of magnetite, correct, as far as it 
goes, in the physical properties of the stone. Of the 
precious metals, mention is made of both gold and silver. 
The account of the former is presented from many as- 
pects. 


Gold is of all metals the most noble because the nobility of 
the Sun’s virtue is most evident in it. It is the stone that men 
love and prize most. It is heavier than any other stone, which 
is found in mines on the earth. It does not exist in great pieces, 
but always in bits in the sands of sea, or river. It is found in 
many parts of the world, but the best of all comes from the eastern 
part of Spain. In color it is yellow and when purified and burn- 
ished, it increases in yellowness, becoming more clear, but not 
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And if it is polished very highly, it reflects like 

What shall we say to you? The nobleness and 
the virtues of gold are such that it would be a long story to tell, 
but some are evident such as this: that when men see gold, 
they have happiness in their hearts and are considered richer 
than with any other thing which they could have; and, further- 
more, of all the objects which they ennoble and enrich, they make 
more from gold than from any other metal. Gold is used for 


transparent. 


many purposes in the art of medicine, of which, however, it 
does not belong to the purpose of this book to speak. 


Silver, ranking twelve in the sign of Cancer, yields to beating 
and casting like other metals, submitting to hammering much 
more quickly than iron or copper, but not so well as gold. . . 
It is lighter than gold and heavier than iron and copper... 
Its color is white. The more it is polished the more it shines, but 
not so it becomes transparent. Its mines are in many places 
and it is well known to many men, for it is a noble metal and of 
usé in many things. 


Lead ranks thirteen in the sign of Cancer. It is a metal like 
silver and other well-known ores and is found in many places. 
It is cold and moist, with an angular character which it loses 
when heated, thus becoming cold and dry. It is closely related 
to silver, but from contamination by earth and air, with which it 
is sometimes unevenly mixed, it receives three defects: it is 
easily soiled, it smells bad, and it rings between the teeth. Such 
lead as this they call tin. 


(Mercury, which) ranks twenty-sixth in the sign of Cancer, 
is mined in the land called Adracegen, in Sennen, and in Spain. 
It is found free, or is set free from certain stones by heat. By 
nature it is cold and moist and like silver before it is contami- 
nated. . . Because of its virtue, it kills insects and the residue of 
the stone, which has been roasted, kills mice if it is mixed with 
their food. The man who breathes its vapor, becomes paralytic 
and his limbs tremble and he loses his sight and has many other 
illnesses. And from the place whence arises its vapor, snakes and 
other reptiles flee, or they die. 


[The pearl, or] Aliofar, is the eleventh in rank in the sign 
of Aries. By nature it is hot and dry. Pearls are found in very 
many large shells in many regions which are in the Great Sea 
around the world in Enderredor, 7. e., the litoral of Persia and 
India. They are formed in the following way: when the Sep- 
tember winds come, the shells open and receive moisture which 
they absorb; then, with the drops of dew which have fallen 
into them, they close and go at night down into the depths of 
the water. When day comes, they go forth and stop opposite 
the sun and open and take strength from the heat of it. And 
afterwards they descend to the bottom. The same they do at 
the setting of thesun. And when they become warm in the warm 
water, they are lightened, so that the waves of the sea push them 
so strongly that they are thrown up on the shore. When the 
shells close, they shut in the pearls and when they open, they 
disgorge them. The pearls are round and beautiful and shining. 
The greatest value attaches to those that are large and white and 
clear. Although this stone is white, it is not transparent, because 
the whiteness is of such thickness, but it is very shining as if it 
had been polished. Those that are of bad color, or form, have 
not received the air and heat of the sun as much as they should 
have. This stone is very noble and much prized by men because 
of its form and beauty, which are not due to the skill of mne. 


Of the nineteenth order of the sign of Aries is the stone called 
Annosa, which in Chaldean is the same as limestone in this lan- 
guage. It is from this stone that lime is made. It is by nature 
hot and dry. It is found almost everywhere in the world, and 
is used in the great undertakings of man, because it joins one 
stone very strongly to another, and closes openings so that water 
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cannot escape; and finally men plaster pipes with it and put it 
on other things which they do not wish water to dissolve. Now, 
this stone encloses in itself heat so that it drives the water out 
from above, thus releasing the heat which it has shut within itself 
and which goes from it like smoke. And this stone, when it is 
mixed with azarnech (sulfur) and is placed upon the hair of any 
animal whatsoever, removes all the hair in a few hours. And if 
it is allowed to remain long on the skin, it destroys the skin. . . 
Mixed with oil, it forms an unguent and is very healing. 


Algodén in Spanish, called asbestos by Pliny, is ‘‘de- 
gree twenty in the sign of Taurus.” 


It is white, tending toward the color of clearashes. Thestones, 
both large and small, are found in the Mountains of the Moon, 
there where the Nile is born, at the bottom of caves so deep that 
he who descends into them, if he remain there long, either dies, 
or has paralysis. Those who are well informed concerning the 
collection of these stones, as soon as they reach the place where 
the stones are, take what they can and leave with them as soon 
as possible. Then others enter, In this way only do they gather 
them. The stones are light in weight, but nevertheless strong 
and hard to break. And when they are broken, material like 
cotton in texture and color is found inside. And the virtue of 
this cotton is such that it is not consumed by fire. It is spun 
and made into cloth like other cotton; and when it is soiled, it 
is put into the fire and comes forth clean and bright as if it had 
been washed; and the longer it is in the fire, the whiter and the 
more beautiful it is. The physicians of that land burn this cot- 
ton and make a powder which they put into the eyes, because 
it dries the tears and all moisture that is in them. 


This stone was well known in all parts of the ancient 
world. Pliny has left us a full account of asbestos as it 
was known tohim. He thought it was of vegetable ori- 
gin although its Greek name meant ‘‘unquenchable’’ 
and in its behavior it differed quite evidently from sub- 
stances of true vegetable origin, similar in appearance. 
Six centuries later San Isidoro reports that it was used 
on the altar of Venus, where neither wind nor tempest 
could extinguish the flame. But perhaps the most 
interesting of all these accounts is that of Marco Polo! 
who gives in the story of his travels in Dsungaria his 
experiences with this stone. 


You must know that in the mountain is a substance from 
which Salamander is made. The real truth is that Salamander 
is no beast, as they allege in our part of the world, but is a sub- 
stance found in the earth. Everybody must be aware that it 
can be no animal’s nature to live in fire, seeing that every animal 
is composed of all four elements. Now, I, Marco Polo, hada 
Turkish acquaintance who related that he had lived three years 
in that region on behalf of the Great Khan, in order to procure 
salamanders for him. He said that they got them by digging 
in the mountain till they found a certain vein. The substance of 
this vein was taken and crushed; when so treated, it divided, as 
if it were fibres of wool, which they set forth to dry. When they 
were dry, these fibres were pounded in a copper mortar and then 
washed to remove all earth and'to leave only the fibres, resem- 
bling fibres of wool. These were then woven into napkins. 


A stone famous for its pharmaceutical value as well 
as for its supernatural power from the most remote 
times even to the present is the Bezoar stone. Abolays 
assures us that Bezahar, of which there are several de- 
grees, namely ten, eleven, twelve, and thirty-one in the 


“sign of Gemini, is a very precious, noble stone.” 
‘ 
1 PoLo, Marco, ‘‘Romance of travel and exploration,” John 
Murray, London, 1903, p. 212. 
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It is found in many colors, some bright yellow, and others 
dark. The best ones come from the lands of Cin, India, and 
Horacin. . . In Greek it is called Nericulequng, meaning “‘re- 
mover of poison.” By nature it is hot and moist, but it is not 
very strong in either of these properties; it is soft and easily 
broken. Its virtue causes it to neutralize every poison, vege- 
table poisons as well as those originating in animals, and bites 
from any poisonous animal whatsoever. The method of proce- 
dure is to dissolve the stone, or to grind up half a drachm and give 
its solution to the man who has drunk the poison. If one cover 
the wound, or poisoned bite with the powder of the stone before 
using any other remedy, the injured one recovers. . . The philoso- 
phers talk much of the nature of poisons. Briefly, they say 
that poison does not kill so much from its property of cold, or 
hot, as from the great strength of its evil power. It goes directly 
to the blood of the heart or liver; it dissolves it and makes the 
heart beat faster than it should. For this reason the spirit goes 
so rapidly through the veins of the blood that it escapes from the 
body. And so, if one does not hasten with the remedy, the man 
dies. There are other stones similar in weight and color, but 
they have not the same virtue. 


These stones, well known during the Middle Ages 
under the name of Bezoar, were considered panacea 
for all diseases flesh was heir to. Avenzoar, physician 
to the court of one of the Almohade rulers in the twelfth 
century, was the first to introduce this remedy, prob- 
ably from his familiarity with the writings of Jabir, 
one of which on poisons has been recently discovered 
by Meyerhof.2 The stone, whose name signified 
“antidote” in Persian, was supposed to be derived from 
the eyes of deer poisoned by eating serpents. 

By the beginning of the XVII century, considerable 
information was collected by Caspar Bauhin? in his “‘De 
Lapidibus Bezaaris.’’ He derives the word from the 
Hebrew, meaning ‘‘Master, or Overcomer of Poison.”’ 
It was supposed to have magical powers as well as 
medicinal, and was worn as an amulet. Schroeder® 
says the Bezoar stone of the East is found in a— 


. .. Persian or East-Indian Beast, partly like a Deer, partly 
like a Goat, chiefly in the stomach and other cavities within, of 
an oval form, or round and hollow within (having chaff or hair, 
or the like within it), shining and smooth without, with folds 
like an onion, of a divers colour, commonly of a blackish green, 
or clearer green, or pale, or Ash-coloured, Honey-coloured, with 
no scent: of a different bigness and weight, they being less than 
Walnuts, sometimes bigger. 


On the authority of Abdalanarkus it is reported that 
a magnificent palace at Cérdova was bartered for one 
of these stones and Bauhin reports that one stone was 
sold for one hundred thirty gold ducats. In 1577, 
Nicholas Manardus*‘ speaks of its use in Peri. By the 
end of the century, however, belief in the wonderful 
powers of the stone had begun to vanish. Never- 
theless, it was not until— 


... Fourcroy, Vauquelin, and Berthollet examined some stones 
sent to Napoleon Bonaparte by the Shah of Persia that we had 
any authentic information regarding its composition. Berthollet 
found that the stones consisted of agglomerated woody fibre and 
were probably produced in the stomach of some animal in the 
same manner as the so-called hair-balls, Authentic intestinal 


2 MryverHorF, Max, “The legacy of Islam,’”’ Oxford, 1931, 


p. 315. 
3 Kirsy, W., J. Am. Pharm. Assoc., 12, 798 (1923). 


4 Manarpws, NIcHOoLas, 1577. 
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calculi from herbivorous animals consist of concentric layers of 
ammonium magnesium phosphate with a nucleus of plant resi- 
dues. The chief constituents in different varieties are lithofellic, 
lithobillic, and ellagic acids. 


The persistence of such a belief through so long a 
period of time seems incredible to us, and so it came as 
a shock to me to read only two years ago that a native 
Malay used this ‘‘most precious stone, more precious 
than gold, to rub over the body of the sick man, because 
it absorbed all the bad humors, the rottenness of the 
sore, the acid of the liver.’’5 

These are a few translations from the text of Abolays, 
to whom is attributed, in the “Tabla” of the Alfonsine 
lapidary, the authorship of the first folio. Whether 
he was a “mythical’’® person, or was identical with 


5 FAUCONNIER, HENRI, ‘‘Malaisie,” 1930. 
6 Rosg, VALENTIN, Z. deut. Alterthum, 18, 321 (1875). 
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Abboul Abbas’ cannot be determined wholly from inter- 
nalevidence. The close correspondence of much of the 
subject matter and the similarity of many phrases to 
the Latin manuscript in Liittich make it seem at least 
probable that the two authors had access to the same 
text. Many lapidaries were written during the Middle 
Ages. Almost all of them contain references to a simi- 
lar work by Aristotle, but his manuscript has not been 
found up to the present time. It is much to be hoped 
that it may still be discovered in some of the yet unex- 
plored treasures in Constantinople, or other storehouses 
of the East. 


I wish to make acknowledgment to The American 
Council of Learned Societies for the award which has 
made possible this study of The Alfonsine Lapidary. 


7 NuNEMAKER, H., J. Philol. Quart., 8, 248 (1929). 





A METHOD jor INTRODUCING 
the LIQUID unto the VICTOR 
MEYER APPARATUS 


LESTER F. WEEKS 


Colby College, Waterville, Maine 


NE of the difficulties with the Victor Meyer 
method for the determination of molecular 
weights is the trouble experienced when the 

liquid assigned for the molecular-weight determination 
is introduced into the vaporizing chamber. 

Many methods for intro- 
ducing the liquid have been 
suggested. Ronzio and 
Gagos! and Dietz? have re- 
cently proposed certain mod- 
ifications. The method de- 
scribed in this paper is 
simple in operation and re- 
liable. 

A container similar to 
the one shown in Figure 1 
or Figure 2 is prepared. 
The tube shown in Figure 1 
is prepared by drawing out 
a piece of 3-mm. glass tubing 
to form a capillary and then sealing the larger end. 
The type shown in Figure 2 is blown from 3-mm. glass 
tubing and has the advantage of lighter weight for the 
same capacity of liquid. 


1 RONZIO AND Gacos, J. CHEM. Epuc., 9, 1827-8 (Oct., 1932). 
2 Dietz, ibid., 9, 2096-8 (Dec., 1932). 


Figure 2 











The container is weighed and then filled with the 
liquid as indicated by Ronzio and Gagos or it may be 
placed, capillary end down, in a test-tube containing the 
liquid. If the test-tube is exhausted when air is re-ad- 
mitted it will force liquid up the capillary and into the 
container. The capillary is then sealed and the con- 
tainer weighed. 

The apparatus for holding the container in the vapor- 
izing chamber consists of a rubber stopper fitted with 
a piece of 3-mm. glass tubing, which is flush with the 
lower end of the stopper and extends about 1.5 cm. 
above it. A piece of rubber tubing about 6 cm. long 
is fitted tightly over the end of the glass tubing and the 
open end is closed with a glass plug. 

The capillary of the container is put through the glass 
tubing so that it extends about 2 cm. beyond the upper 
end. A clamp placed over the rubber tubing serves to 
hold the container in place. (See Figure 3.) 

When it is desired to introduce the liquid the clamp 
is bent to one side, breaking the end of the capillary so 
that the container drops into the vaporizing chamber. 

The advantages of this method are: the ease with 
which the containers are prepared, the certainty and 
convenience of introducing the liquid, and the accu- 
racy with which the weight of the liquid can be deter- 
mined. 





ELECTROMOTIVE FORCE 
TABLE and OXIDATION- 
REDUCTION REACTIONS 


H. L. LOCHTE 


University of Texas, Austin, Texas 


This paper presents a non-mathematical plan of using 
the electromotive force table as a guide in teaching oxidation- 
reduction reactions. Its use in predicting whether sub- 
stances should react and what products should form in 
either electrolytic or spontaneous oxidation-reduction 
reactions 1s stressed. 


+++ + + + 


HE electron-transfer method of writing oxidation- 

reduction reactions has become more or less 

general during the last decade. Neither it nor 
any other method of deriving these reactions makes 
possible the correct writing of equations unless the 
products formed are known. The two all-important 
questions that confront the student are: 


1. Will these substances react? 
2. What products will be formed? 


If he can answer these he can use any one of a number of 
schemes of deriving equations and obtain correct re- 
sults. 

While simplified forms of electromotive force or dis- 
placement tables have long been used in most texts on 
general chemistry and while advanced courses quite 
generally make use of the Nernst formula and some 
complete form of table, the author knows of only a few 
schools in which, in first-year chemistry, continuous 
and consistent use is made of electromotive force 
tables that show the complete half-cells and their 
potentials at specified concentrations. 

The intelligent use of such a table is of such great 
value and can so readily be taught that it seems worth 
while to point out the uses made of this table during 
the last fifteen years in first-year classes at the Uni- 
versity of Texas. The table used is that given by 
Schoch and Felsing.! This table is a slight modifica- 
tion of the one given in the “Handbook of Chemical 
Engineering’”’ by Liddell? and is less complete than that 
given by Latimer and Hildebrand.’ 

For convenience in following the discussion given 
below, a few typical half-cells with their voltages against 
an arbitrary zero pole are listed here. 


1ScHOCH AND FELSING, ‘General chemistry,’’ Von Boeck- 
mann-Jones, Austin, Texas, 1931, p. 344. 

2 LIDDELL, ‘‘Handbook of chemical engineering,’’ McGraw- 
Hill Book Co., New York City, 1922, p. 690. ‘ 

3 LATIMER AND HILDEBRAND, ‘‘Reference book of inorganic 
chemistry,” The Macmillan Co., New York City, 1929, p. 367. 


TABLE I 
3.828 
3.758 
3.51 
3.44 
3.414 


2 Ht (M in OH) + 2 (e) 
Znt* (M) + 2 (€& 

S° (element) + 2 (6 
Fe*+* (M) + 2 (6) 

2 Ht (pH = 7) + 2 (€ 


H2° (gas) (1 atmosphere) 

Zn° (metal) 

$7 (M) 

Fe° (metal) 

Ho° (gas) (1 atmosphere) 

S* (10715 M. sat. sol. H2S in 
H20) 


.07 S° (element) + 2 (e) 
Fe*+ (M) 2.26 


Fe*** (M) + (e) 
The following facts about the table are stressed in 
lectures and quizzes: 


1. Every complete horizontal line constitutes a half- 
cell whose potential against an arbitrary zero 
is given by the voltage shown. 

In any horizontal line the left-hand member is 
richer in electrons than the right-hand one. 
Any two of these when properly connected yield 
a battery with a voltage equal to the difference 

between the corresponding voltages. 

Any pair of these half-cells can be used in an elec- 
trolytic cell provided a potential greater than 
the difference between the two voltages is ap- 
plied. 

The chemical action obtained in both of the pre- 
ceding cases constitutes an oxidation-reduction 
reaction. 

The reaction taking place in the battery takes 
place equally well in a test-tube if the proper 
ingredients are mixed. 

Battery: action or spontaneous oxidation-reduc- 
tion takes place when the left-hand member of 
an upper and the right-hand member of a lower 
half-cell are properly connected or mixed. 
Any spontaneous oxidation-reduction reaction 
thus involves clockwise rotation of members of 
half-cells if they are arranged as in the table. 

If the right-hand member of an upper and the 
left-hand member of a lower half-cell are present 
without the other members no spontaneous re- 
action takes place but the two can be used in 
an electrolytic cell if sufficient potential is ap- 
plied; e. g., Zn+* and Fe°®. 

Two right-hand or two left-hand members of half- 
cells do not react; e. g., Zn° and Fe° or Zn** 
and Fett. 

If more than two complete half-cells are present 
battery action will take place first between those 
farthest apart in the table; 7. e., those yielding 
the greatest voltage. If one of the half-cells 
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is exhausted the potential will drop to that ob- 
tainable with the next pair of half-cells and 
the reaction continues between this new pair. 

If more than two complete half-cells are present 
in electrolytic cells that reaction will take place 
first which requires the least applied voltage. 

A decrease in concentration of a right-hand mem- 
ber shifts the voltage of that half-cell upward 
by 60 mv. per electron change per tenfold de- 
crease in concentration; e. g., No. 1 and No. 5. 

A decrease in concentration of a left-hand member 
of a half-cell shifts its potential downward by 
60 mv. per electron change per tenfold decrease 
in concentration; e. g., No. 3 and No. 6. 

Since formation of an insoluble compound or of 
a complex ion may produce a large decrease in 
concentration of ions involved, the formation 
of such compounds may result in placing the 
half-cell containing this ion species far from a 
related one listed in the table. Such shifts must 
be considered in making predictions in regard 
to reactions. 

A complex half-cell yielding a series of compounds 
like those obtained with concentrated sulfuric 
acid and with nitric acid will, in general, yield 
the same products with all half-cells of approxi- 
mately equal potentials. If the products ob- 
tained with a few representative half-cells are 
known those to be expected with others in the 
table can be intelligently predicted. 


The student who is familiar with these rules and 
has been shown instances of their application by refer- 
ence to the table can in nearly all cases predict whether 
a reaction will take place and what products will be 
formed. In doubtful cases he can at least make an 


JouRNAL OF CHEMICAL EDUCATION 


intelligent guess. The advanced student can, if he 
has complete data available, calculate the exact poten- 
tial and extent of reaction by substituting in the Nernst 
formula. Unfortunately complete data are rarely 
available and in such cases the mathematical formula 
can yield no more information than the table. Many 
persons to whom a mathematical formula is bewildering 
have no difficulty in using the table intelligently, and 
even the well-prepared student very often fails to get 
as much information out of a formula as out of a table. 

The fact that in some cases reactions that are pre- 
dicted from the table fail to take place because their 
rate is too slow is pointed out as they are met in lecture, 
but this complication is not stressed in the discussion 
of the table because it tends to confuse the student at 
that stage. 

It is self-evident that much and varied drilling and 
quizzing rather than formal lecturing is required if the 
average student is to master a table containing as much 
and as varied information as this one. But the results 
in terms of systematic chemistry learned, in self-reli- 
ance, and in enthusiasm of students are well worth the 
time spent on the electromotive force table. 

For years the grades of freshmen at the University 
of Texas have been higher during the second semester 
while studying oxidation-reduction reactions than dur-- 
ing the first semester while metathetical reactions are 
discussed. The highest grades of the year are made in 
quizzes dealing with the use of the electromotive force 
table and the derivation of oxidation-reduction reac- 
tions. 

For these reasons the author feels that the consistent 
use of a complete table of this type is of fundamental 
importance in teaching general and analytical chem- 


istry. 





NEW LABORATORY PREPA- 
RATIONS jor the COURSE in 
ORGANIC CHEMISTRY’ 


IV. Pentanone-2 and Pentanone-3 by the Oxidation of the Corresponding Secondary Alcohols 
G. R. YOHE, HIAWATHA U. LOUDER, AND GORDON A. SMITH 


Ohio Wesleyan University, Delaware, Ohio 


A method for the preparation of pentanones as a labora- 
tory experiment for the course in organic chemistry is 
given. Itis an adaptation of the usual dichromate oxida- 
tion of the secondary alcohols, 

++ eee + 
~ * For III, see J. Cnem. Epuc., 9, 1268-70 (July, 1932). 


HE study of aldehydes and ketones finds a place 
in the laboratory work of practically every first 
course in organic chemistry. Most directions for 
experiments with these compounds concern only various 
tests for and reactions of the aldehydes and ketones. 
The writers, believing that students are more interested 
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in doing synthetic or preparation work, undertook a 
series of experiments which led to the procedure given 
below. 

Since the pentanols have rather recently become 
available in quantity, the oxidation of one of the second- 
ary alcohols of this group was suggested. A search 
of the literature revealed directions for the oxidation of 
cyclohexanol to cyclohexanone.’ These directions 
were adapted to the oxidation of two of the secondary 
pentanols, and after the performance of a series of ex- 
periments in which the conditions were varied, the 
procedure given herewith was selected as best suited 
for the preparation of the corresponding ketones under 
the conditions of student work. Methods described in 
the literature for the preparation of these ketones in- 
clude the oxidation of the corresponding alcohols* **® 
as well as the applications of other general methods. 

Sodium dichromate with sulfuric acid is used as the 
oxidizing agent, and the oxidation proceeds according 
to the following equation: 


3C;H10OH a Na2Cr.07-2H.O + 4HSO, —_> 
8C;Hi.O + Cro(SOx)s + 9H20 + NaeSQ,. 


Experiments were tried in which pentanone-2 was puri- 
fied by conversion to the sodium bisulfite addition 
compound. This addition compound was washed with 
alcohol and ether, and converted back to the ketone by 
the action of potassium hydroxide. A class of twenty- 
eight students (O. W. U., 1931-32) reported yields of 
the bisulfite addition compound which averaged 50.5% 
of the theoretical, but the yields of the ketone reported 
(based on the pentanol) averaged only 14.3% of the 
theoretical. Because of the large loss experienced in 
this method of purification, it was abandoned and the 
directions changed to read as given below. In following 
this new procedure, fifteen members of the class (1932- 
33) reported yields which averaged 49.4% of the theo- 
retical for pentanone-2. The yields reported by the re- 
maining twelve members of the class averaged 47.1% 
of the theoretical for the preparation of pentanone-3. 
Using these directions the writers obtained 74% of the 
theoretical amount of pentanone-2, 2? 1.3910, and 57% 
of the theoretical amount of pentanone-3, n’? 1.3930. 


( ne AND KENDALL, J. Am. Chem. Soc., 42, 2616-26 
1920). 

2 WacnerR, J. Cuem. Epuc., 10, 113-7 (Feb., 1933). 

3 BEILSTEIN’s ‘“‘Handbuch,” 4th ed., vol. I, pp. 676, 679. 

4 Wtrtz, Ann. Chem. Pharm., 148, 131-6 (1868). 

5 ScCHORLEMMER, ibid., 161, 263-81 (1872). 

6 WAGNER AND SAYTZEFF, Ann., 179, 313-25 (1875). 
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These refractive indices compare favorably with the 
values given in the literature.’ Better percentage 
yields are obtained if larger amounts than those specified 
for the students are used. 

The pentanols used in these experiments were ob- 
tained from The Sharples Solvents Corporation. They 
were redistilled through a 70-cm. fractionating column, 
and in each case the fraction used was collected within 
a one-degree range at the boiling point given in the 
literature. 


DIRECTIONS TO STUDENTS 


The direction sheets describing the preparation of 
pentanone-2 read as follows. Since the boiling point of 
pentanone-3 is the same as that of pentanone-2, the 
only change needed to make these directions apply to 
the preparation of pentanone-3 is the substitution of 
“pentanol-3” for ‘‘pentanol-2.”’ 


Mix one-fourth mol (22 g.) of pentanol-2 with 40 cc. of distilled 
water and 10 cc. of concentrated sulfuric acid in a 500-cc. round- 
bottomed flask. Prepare the oxidizing solution by dissolving 25 
g. of sodium dichromate crystals (or the equivalent amount of 
potassium dichromate) in 40 cc. of water and adding 10 cc. of 
concentrated sulfuric acid. Add the oxidizing solution to the 
pentanol solution in small portions, keeping the reactants well 
mixed and cooling the flask so that the temperature of the reac- 
tion mixture is maintained between 25°C. and 30°C. After the 
addition of the oxidizing agent is complete, stopper the flask and 
allow the mixture to stand at room temperature for about 48 
hours. At the end of this time, add 150 cc. of water and distil 
(note that this is in effect a steam distillation) until practically 
all the water-insoluble liquid has come over. Do not continue 
this distillation too long or the aqueous portion of the distillate 
will become too large and dissolve correspondingly more of the 
ketone. Make sure that this distillate is basic by adding a small 
amount of saturated sodium carbonate solution, separate the 
ketone layer, dry it with potassium carbonate (freshly heated in 
an evaporating dish or casserole to assure that it is anhydrous), 
and distil it in the usual manner. Collect as your product the 
fraction that distils between 99°C. and 105°C. If the first few 
drops come over cloudy, it indicates that the drying was not 
thoroughly done. Re-dry and redistil any such material. De- 
termine the refractive index and calculate the percentage yield. 


A second direction sheet describes some of the more 
common and important reactions of the aldehydes and 
ketones. 

The writers wish to extend their thanks to The 
Sharples Solvents Corporation for the pentanols used in 
working out the optimum conditions for this experi- 
ment. 


7 “International Critical Tables,” vol. I, pp. 192, 193. 





Subscribers to the collected reprints of “The Discovery of the Elements” by Miss Mary Elvira Weeks will no doubt be 


interested to learn that the demand has been sufficient to warrant publication of a small edition. 


As this note 


is written production work is going forward apace and many of the reprints should be in the mails before 
this number of the JouRNAL. 





The PROJECTION of QUIZ QUESTIONS 


FREDERIC B. DUTTON 


Baldwin-Wallace College, Berea, Ohio 


slides has been described by Wilson! and the use of 
Cellophane roll film by Davies and others.? 

In order to reduce to a minimum the work and cost of 
administering and grading quizzes the questions have 
been typed on Cellophane and projected. The author 
uses chiefly true-false and multiple-choice questions al- 
though, as has been pointed out, anything that may be 
typed, written, or drawn may be projected in this man- 
ner. The students record their answers on uniform 
slips of paper which are easily graded by means of a 
check slip or stencil. 

A carrier somewhat different in design from the one 
previously described? is used to facilitate the rapid re- 
moval and filing of material for future use. The con- 
struction of the carrier as described below is readily ef- 
fected with tools usually found in the small laboratory. 

The frame, A, Figure 1, is made either of wood or 
sheet metal. The removable spindles, B, are 3*/, inch 
film spools* with the metal ends removed. These may 


[sia use of Cellophane for the making of lantern 
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FIGURE 1 


be procured from any photo finisher as they are usually 
discarded. The spindles are sprung into place by pull- 
ing the wing nut, D, away from the frame. A piece of 
clock spring, Z, keeps the spindles in place and the 
Cellophane, C, under proper tension. The cut-away 
section shows the construction of the wing-nut as- 
sembly. A thin strip of metal, F, serves as a washer 
and seat for the spring to work against. The spindle 
supports are */,s-inch stove bolts. Small pieces of 
sheet metal serve as the keys, G, and are soldered into 

1Witson, “Lantern slides from Cellophane,’ J. CuHeEm. 
Epuc., 8, 2212 (Nov., 1931). 

2 Bonar, Bonar, AND Davies, ‘‘Cellophane roll films for 


slide lanterns,’’ ibid., 10, 92 (Feb., 1933). 
* 3A Kodak film spools are suitable. 


phospaorous {5} ter 
Selenium (2) tisiiies 
(9) telluriux {1/ : 


QUESTIONS PROJECTED BY A SHORT-FOCUS LANTERN UPON A 
DAYLIGHT SCREEN 


hacksaw slots in the ends of the two bolts carrying the 
wing nuts. 

The device is inserted in the projector in place of the 
usual slide carrier. The material thus projected may be 
changed at will by turning the receiving spindle. No 
guide rollers are necessary with short strips of Cello- 
phane. The projection 
of quiz questions in this 
manner is especially effec- 
tive when used with a 








INSERTING THE LOADED 
SPINDLE 








short-focus lantern and a 
daylight screen. 

The cost of the materials 
for twenty-five questions does not exceed two cents. 
This is but a small fraction of the cost of a mimeo- 
graph stencil alone. Much less paper and time are 
consumed than with a printed test. The questions may 
be administered as rapidly or as slowly as desired and 
the time allowed for any one question controlled. The 
quizzes are easily filed away for future use and imme- 
diately available. The device, aids the instructor in 
giving numerous short quizzes, thus discouraging the 
fine art of procrastination. 


THE LOADED FiLM HOLDER 
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A CONSTANT-LEVEL DEVICE 
for CONSTANT-TEMPERATURE 


WATER BATHS 


J. H. ROBERTSON 


The University of Tennessee, Knoxville, Tennessee 


HE maintenance of a constant water-level in a 

bath requires the continuous addition of enough 

water to replace that lost by evaporation or other- 
wise. The expedient of running in a stream of water 
and maintaining the level by means of an overflow pipe 
may be unsatisfactory because of the cooling or heating 
effect of the tap water when its temperature differs con- 
siderably from that desired. This difficulty is usually 
avoided by connecting the bath to an overflow pipe 
at the desired level outside of the 
bath. If the connection is made 
by means of a siphon tube its 
operation may be stopped occa- 
sionally as the result of the ac- 
cumulation of air in the tube. 
Furthermore, with the usual ar- 
rangement, the quantity of water 


used is likely to be wasteful. = 


Constant Warer Levecz 


through one side. Through this opening is inserted a 
short piece of '/,” copper tube which has been cut away 
along its axis to a distance of about */,” from the end, 
forming a trough. It is then soldered in position, the 
end of the trough being closed by soldering to the inner 
wall of the larger tube. The open end of the small tube 
is projected downward some distance into the bath by 
means of an elbow so as to avoid fluctuations in the 
water level in the trough caused by waves when the 
water is vigorously stirred. When 
it is desired to drain the bath the 
device is merely lifted, the end 
projecting above the water serving 
asahandle. The device is held in 
position by means of a perma- 
nently installed rust-resisting steel 
clamp having flexible jaws so 
that the tube may be slipped in 


Vanves 


— CLA/7P 





It may be convenient to have 
constant-temperature baths per- 
manently installed and provided 
with an easy means of filling and 
draining. Then, should the need 
arise, they may be utilized tem- 
porarily as ordinary laboratory 


sinks. An arrangement of this 
character in which the constant- 
level device serves as a conve- 
nient stopper for the bath outlet 
and which appears to possess, also, 
certain improvements over the 
ordinary type of constant-level 








or out easily. 
WATER INLET 


A water spigot having a small 
tapering nozzle isinstalled perpen- 
dicularly above the trough. By 
means of an additional valve lo- 
cated some distance from the bath, 
the supply of water reaching the 
spigot is cut down to a maximum 
of a few liters per hour. The 
spigot valve is then nearly closed 
allowing the water to drip at the 











rate of about one drop in five sec- 








devices is shown in the accom- 

panying figure. The bath is con- 

structed of Alberene stone. The 

coefficient of heat conductance of this material is ap- 
proximately the same as that of glass. 


CONSTRUCTION OF LEVELING DEVICE 


A 1” copper (or brass) tube about equal in length to 
the depth of the bath is enlarged at one end with a 
layer of lead thick enough to make it nearly as large 
as the mouth of the drain fixture in the bottom of the 
bath. The lead is tapered to a slightly smaller diameter 
at the end and is surrounded by a wide, tight-fitting 
rubber band so that it will fit snugly into the mouth of 
the drain fixture serving as a stopper. At the desired 
water level on the tube a hole 9/1,” in diameter is drilled 


onds, or faster under conditions of 
rapid evaporation. Excess of 
water over that required to main- 
tain the level does not enter the bath, but overflows from 
the trough into the larger pipe leading to the drain. The 
use of two valves makes the final adjustment of water 
flow easier. It also practically eliminates the use of the 
spigot as a source of water for other purposes, thereby 
reducing the chances of having its adjustment disturbed. 
The positions of the spigot and the outlet pipe should 
be such as will interfere least with the use of the bath. 
If the drain is not suitably located an offset may be 
made in the copper tube near its lower end. 

Three baths of 125-liter capacity provided with the 
constant-level device described have proved quite satis- 
factory in our laboratories. 
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PROBLEMS 16-20 


HE following problems are all taken from material 
in the March Journal of the American Chemical 
Society. Solutions for each problem will be pub- 


lished in the July JOURNAL OF CHEMICAL EDUCATION. 


16. 


The composition of the salt-rich section of the 
system potassium carbonate-fert-butanol—water 
is ies by the equation y = a + bx~-*‘, where 
x = weight per cent. of potassium carbonate, 
= weight per cent. fert-butanol, a = —0.87, 
ia = 26.90, and c = 0.0441. What is the composi- 
tion of the system when x = 21.2? [J. Am. 
Chem. Soc., 55, 877 (1933). ] 
Rw 


1 +> (B:/P,)’ 


In the formula k = ka and f; are 


constants. 


(a) Show that log log (p; + £1). 


= log p; — 


(b) Show that a straight line is obtained by 
plotting 1/k against 1/p, and that &. and 
Bi: may be determined from this line. {[J. 
Am. Chem. Soc., 55, 932 (1933). ] 


-- re) ez? 1 
a 22 vee 
If Le = vRT aT ( 5 x) 


Show that L: = 
3 Res? TaD ,1T 
4" RD (145 37+ Vv 


D and V are functions of T. a = ; an 


x 

K 
4nrNe@vz,2on 

~ 1000kTDV 

T, a, x, and « are constants. The significance of 

the symbols is given in footnote (7) of the refer- 

ence. [J. Am. Chem. Soc., 55, 1007 (1933).] 

Plot the heat capacity of calcium oxalate against 

the logarithm of the absolute temperature and 

determine graphically the area under the curve 
from T = 19.31° to T = 251°, using about one- 

fourth of the data given in J. Am. Chem. Soc., 55, 

971 (1933). Determine the absolute entropy of 

calcium oxalate at 251° by multiplying this area 

by 2.303 and adding 0.08 to allow for the entropy 
increase in heating from absolute zero to 19.31°K. 

(K and T refer, as usual, to absolute temperature.) 

The solubility of calcium oxalate in water at 25°C. 

is 4.85 X 10-5 mol per liter. The activity 

coefficient for the ions in the saturated solution is 

0.937. 

(a) Calculate the change in free energy involved 
when a mol of calcium oxalate passes from 
the crystalline form to the ionic form in 
aqueous solution at 25°, using the formula 


All quantities except * DOW, 


15 B 
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MATHEMATICAL PROBLEM PAGE 


AF° = —RTInK, 


where K is the solubility product (0.937 x 
4.85 X 10-5)?, 
Calculate the entropy change AS° at 25° by 
combining the free energy data obtained in 
(a) with the heat of solution. It has been 
found from the temperature coefficient of 
solubility that AH° = 5087 calories. The 
formula is 
AH°® — AF®° 
a 
Show that the activity coefficient y is 0.937, 
as calculated from the Debye-Hiickel formula 

— log y = c2? Vu 
where c is a constant 0.505; z, the valence, is 
2; and yp, the ionic strength, is calculated 
from the molality, m, using the formula 

_ mz? + m2? 

ea: pais 

[J. Am. Chem. Soc., 55, 974 (1938). ] 


AS° = 


SOLUTIONS OF PROBLEMS 11-15 
[J. Cue. Epuc., 10, 313 (1933)] 


2HgO = 2Hg + O2 
2Al + 3/202 = Al.O3 
2Al = 3/202 = 3/2(2HgO) = 3HgO 
If 2 gram atoms, or 54 grams, of aluminum require 3 mols, 
or 648 grams, of mercuric oxide; 10 grams require 10/54 X 
648 or 120 grams. 
4x? 

lad EE — x) 
abK — (a+ b)Kx + Kx? — 4x? = 0 
(K — 4)x? —(a + 6)Kx + abK = 

_ (a+ b)K + V(a + b)*K? — 4abK(K — 4) 

= 2(K — 4) 

_ (@ + )b)K + Va?K? + b?K? — abK(2K — 16) 
2(K — 4) 

In deciding between positive and negative signs, a negative 
value of x, or a value of x which is greater than a or D 
has no physical significance. 
” -” av = 0.235 X 20 
>” ip 2°580200 


) famx, -8 eh 


ae he 


K T. 
f "dink, = ef Tar 
Ky R Ti 
aX oe ee 
Tz Ti - RT2T; 


RT2T; 2.303 log 


Pr 
T, — Ti 


2 3 
fa in K, = {= + Li 2 + ¢T aT 


“ite +b +P) dT 


AHo a = & 7 
~ Ae + Sin THE TH+ GT +C 














(1 = length 


= 11.75° in decimeters) 


[a 


Am 
— 2 





AH = 





In Kp = 
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15. Referring to J. Cuem. Epuc., 9, 2090 (1932), 


*1 Nn 
Qin * 

Aoy1* 
Qiy2* 


Aim 
Aox1 X2 Ye 
AiXe 


Ay 
Qov1 ‘i 

Arye 
Xs Ys 


y= n+ OF em) + Oe — ale —m) $e. 


In problem 15,x = Vc, and y = 7 


0.0 1.00000 
0.1414 1.00051 


0.447 0.99968 


y = 1.00000 + 0.0036x — 0.0141x? + 0.002x 
n = 1.00000 + 0.0056 Vc — 0.0141c 





CORRESPONDENCE 


SUGGESTED EXPERIMENT FOR HIGH- 
SCHOOL STUDENTS 


To the Editor 
DEAR SIR: 

It is stated in textbooks that lithium always occurs 
in ashes of tobacco and I have never observed tobacco 
ashes that did not conform to this statement. There- 
fore I suggest that a group of students grow tobacco 
plants this summer in pots with definite additions of 
lithium salts and also in a soil spectroscopically free of 
lithium, and then note the results on the plant and on 
nicotine formation. The analytical work involved is 
not too difficult for high-school students. So far as 
my reading extends no one has tried this experiment. 

Respectfully, 
F. W. SMITH 


Via NOGALES ARIZONA 
GUASAVE SINALOA, MEXICO 


CHEMISTRY AIDS 


To the Editor 


DEAR SIR: 

Every chemistry teacher knows observation is the 
keynote to progress of all good science students. I am 
wondering if a list of the discoveries made by close 
observation would not impress students and encourage 
them to observe more closely. 

The methods of discoveries may be divided into two 
groups—those that were made by deliberate intent 
and those that were accidental. Since it is generally 
conceded that it takes a keener observation to find 
something one is not hunting than to find a thing that 
one expects, the latter group will be the more impres- 
Sive. 

With this idea in mind I wish to enlist the help of 
teachers and students to compile a list of the two divi- 
sions. The compiled list will be offered for publication 
and when published will become the property of all. 
A few examples will illustrate. Becquerel while testing 


fluorescent substances to find if they gave X-rays acci- 
dentally discovered radioactivity. Neither Perkins, 
Ramsay, Gomberg, nor Remsen were looking for the 
discoveries they made. The list should be extended to 
great length. 

While searching for the above we might be on the 
lookout for certain earmarks which indicate the slow- 
ness of scientific advancement despite the rapidity 
in some lines. A list of these should give an impetus 


to look about us to see how we might apply our chemis- 
try. For example, coal tar up to the middle of the last 
century was a nuisance; phosphorus was discovered 


many years before matches were invented; and refuse 
burners destroyed millions of dollars worth of wood 
before complete utilization of sawmill refuse was ob- 
tained. 

Science should be moderately skeptical. A list of 
incidents in which science has been too skeptical might 
help us not to deny too strongly proposed ideas but 
hold them in abeyance for future evidence. Newland’s 
law of octaves paper was refused publication by the 
English Chemical Society and he was ridiculed by such 
remarks as, ‘‘Have you tried an alphabetical arrange- 
ment of the elements or the new possibilities in the field 
of music?’ Twenty-one years later the Royal Society 
made amends by awarding him the Davy medal for the 
very same paper. ‘ 

To show how scientific ideas ‘‘are in the air’ one might 
list the number of discoveries that have been made 
simultaneously and independently. For example, 
Mendeléeff, Meyer, and Chancourtois on the periodic 
table; Darwin and Wallace on the origin of species; 
Hopkins and James on the discovery of illinium. 

After a few months the contributions to the four lists 
with the names of the contributors will be offered for 
publication as mentioned above. 

Please give complete reference where each incident is 
discussed (original where possible). Send lists to the 
compiler, undersigned. 

Sincerely yours, 
ALFRED M. EWING 


56 E. WoopruF AVENUE 
CoLuMBUS, OHIO 
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KEEPING UP WITH CHEMISTRY 


Oxygen by the shovelful. Jnd. Bull. of Arthur D. Little, Inc., 
75, 3 (Mar., 1933).—According to the Chemiker- Zeitung Germany 
is offering a powdered source of oxygen known as ‘“‘Oxygal.”’ 
The powder is supplied in air-tight sheet-metal cylinders or 
containers, and is converted into oxygen merely by pouring it 
into a horizontal retort provided for the reaction, and igniting 
it. The gas, which is liberated immediately, is passed through 
a dust filter. This innovation is expected to affect welding 
operations. At present oxygen for oxy-acetylene welding is 
_ supplied in cylinders having a gross weight of 150 pounds but 
containing only 18 pounds or 220 cu. ft. of oxygen. Less than 
50 pounds of this powder are required to produce an equivalent 
amount of oxygen, thus reducing by two-thirds the weight of 
commercial oxygen. ‘‘Oxygal’’ is expected to be of special 
importance in field-welding where transportation costs are 
affected. G.. ©. 

The hypochlorites as disinfectants. (Disinfectants and 
foodstuffs.) H. Rawiinson. Chem. & Ind., 52, 71-4 (Jan. 
27, 1933).—Hypochlorites were used to prevent the spread of 
infectious diseases before medical science became aware of the 
fact that these diseases were due to microérganisms. The im- 


portant hypochlorites are chloride of lime (calcium chloride 


hypochlorite) and sodium hypochlorite. Water solutions of 
each of these materials form hypochlorous acid, which readily 
decomposes into oxygen and hydrochloric acid. Hypochlorites 
are important in the sterilization of water, shellfish, vegetables, 
and fruit. The disease germs in cracked dishes are readily killed 
by the addition of a little hypochlorite to the wash water. Dan- 
gerous effluents from certain factories are rendered _ innocuous 
by treatment with these disinfectants. R. W. 
Pliolite and Plioform. Jnd. Bull. of Arthur D. ‘allt, Inc., 

75, 4 (Mar., 1933).—Research has sought for years to make 
rubber react chemically with other things than sulfur. One 
of our largest rubber companies has discovered a reaction product 
that has given rise to the name ‘‘Pliolite,’’ the basis of a paint 
with exceptional resistance to the elements and with good 
adhesion to metal. Much is expected of this paint for under- 
coats on fenders. The other form of rubber, “‘Plioform,’’ is a 
thermoplastic molding compound. It can be molded rapidly 
since no curing needs to take place in the press, and scraps can 
be re-used. It may be obtained in colors, with or without 
pearliness, transparency, etc. It is said to have tensile strength 
of 4000 to 5000 lb. per sq. in. It can be molded at sg to 
310°F. G. 

More and better plywood. Ind. Bull. of Arthur D. Lisle, 
Inc., 74, 2 (Feb., 1933).—Phenolic resins as adhesives for wood 
have been used from time to time, but their commercial develop- 
ment in the plywood field has been retarded by a cost considera- 
tion and the high temperatures necessary for proper lamination. 
Nevertheless, it is the feeling of one of the leading manufacturers 
that phenolic resins fill a deservedly useful place as adhesives 
for thin panels; also the characteristics of the wood are so im- 
proved as to open up new fields for the utilization of plywood. 
Unlike glue, these resins require no water for plasticizing, there- 
fore there is no danger of staining the face veneer, however thin. 
The resistance to tearing strains is said to have shown that 
the new veneers have three to four times the strength of plywood 
bonded with ordinary glues. Furthermore, the resin is water- 
resistant, in fact, totally insoluble in water and other solvents, 
except concentrated alkalies; it is not attacked by fungi and 
bacteria. It is also very flexible, can be rolled up without 
stripping. It would seem that this material should prove an 
acceptable substitute for metal where lightness and resistance to 
moisture are of importance, provided the costs can be reduced 
to a reasonable figure. G. O. 


Igepon and Gardinol. Jnd. Bull. of Arthur D. Little, Inc., 
74, 2-3 (Feb., 1933)—Of the chemical developments of the 
past decade, one that is attracting widespread interest at the 
present time is a new series of cleaning, emulsifying, and wetting- 
out agents and detergents, which are marketed under the trade 
names of “‘Gardinol’’ and “Igepon,’’ and which may eliminate 
largely the use of soap in textile industries. Soap presents serious 
drawbacks to the dyer, bleacher, and finisher, due to the formation 
of calcium and magnesium soaps with hard water. Sulfonated 
oils, such as Turkey-red oil (sulfonated castor oil), have been 
resorted to, since their calcium salts are reasonably soluble in 
water, but they give a harsher fabric. Apparently the only way 
to obtain products which do not possess the disadvantages of 
soap, but still preserve the advantages of soap, consists in starting 
with saponifiable oils or fats and either ‘‘blocking”’ or transform- 
ing those elements which cause the formation of insoluble 
calcium and magnesium soaps. The Igepons and Gardinols 
appear to be the most widely known products of these processes. 
They have been known to chemists for some years but not until 
the discovery of high-pressure catalytic hydrogenation was it 
possible to make them commercially. 

A new inspection method. Jnd. Bull. of Arthur D. Litlle, 
Inc., 74, 2 (Feb., 1933).—A recently developed English process 
greatly simplifies the inspection of material such as boiler plate, 
tanks, and structural steel. Cracks that would escape detection 
even by X-rays are made visible by a method familiar in ele- 
mentary physics. This experiment consists in sprinkling iron 
filings on a sheet of paper over a magnet, the filings clustering 
about the poles. The method of inspecting steel plate is this: 
the plate is magnetized by an electromagnet, thereby forming 
magnetic poles at every crack or flaw in the metal. Instead of 
the iron filings a suspension of very fine powdered iron in a 
mineral oil is painted on the surface of the metal under examina- 
tion; the iron powder collecting along every crack and flaw in 
the metal making it plainly visible. G.'O; 

Chemistry of paper making. E.O. REEp. Rep. New Eng. 
Assoc. Chem. Teachers, 34, 63-75 (Feb., 1933)—The most 
durable and permanent paper is made from new rag cuttings, 
preferably unbleached and carefully handled in the course of 
manufacture. Three main factors affect the durability of 
paper: (1) the grade of cellulose used, (2) the degree of treatment 
of the cellulose used in the mill, (3) the amount of rosin, quality 
of the gelatin, and quantity of residual acid present. 

Gallotannic writing inks of an acid nature have a certain 
destructive action on cellulose after keeping and this action is 
accelerated at high temperatures. The types of paste used in 
the binding process and also the quality of the covers must be 
taken into consideration in making up books for permanent 
records. O.°: 

Radium content of ocean bottom sediments. C. S. Piccor. 
Am. J. Sci., 147, 229-38 (Mar., 1933).—The results of 68 analyses 
of different samples of ocean bottom sediment indicate a much 
higher radium content than is found in ordinary surface soil 
and rocks. The average radium content in ocean bottom sedi- 
ment was found to be 11.76 X 107!2 g. Ra per g. of dry sediment, 
whereas granites contain 2.5 X 107!2 g. Ra per g. rock, and basalts 
1.0 X 107! g. Ra per g. rock. The sediment in the deeper por- 
tions of the ocean was found to be richer in radium than the 
sediment nearer shore. The environment at the bottom of the 
ocean, especially far from dry land, is of an oxidizing rather than 
of a reducing nature. Several theories attempting to explain 
the high radium content are discussed. E..R. W. 

The relation of chemistry to — insulation of electrical ma- 
chinery. W.Patnopg. Rep. New Eng. Assoc. Chem. Teachers, 
34, 56-63 (Feb., 1933)—The chemical composition of the ma- 
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terials used in the construction of a transformer is considered. 
The iron for the core contains 4% silicon; the cylindrical support 
for the wire is made of pressboard, synthetic resin, or Kraft 
paper. The chemist is called upon to select one or more of the 
many adhesive binders. 

The enameling of the wire is a delicate procedure and chemists 
are continually working to improve the quality of enameled 
wire. One of the simplest types of enamel is a mixture of linseed 
and tung oils dissolved in naphtha. The chemist must also 
carefully supervise and control the quality of the raw materials 
that are built into insulation. Oo. C. 

Making radiographic magneton of chemical equipment. 
H. R. ISENBURGER. & Met. Eng., 40, 130-2 (Mar., 
1932).—In radiographic pice shadow pictures are ob- 
tained showing the interior condition of the object under in- 
vestigation. These pictures are made by X-rays or by y-rays 
generated by radium or mesothorium. X-ray pictures are 
called “‘exographs” as distinguished from ‘‘radiographs” made 
by y-rays. Cavities in a weld show up on the print as lighter 
spots, whereas denser’ metal will appear as darker regions. For 
inspection purposes the chief concern is with welded seams, 
although riveted vessels have been examined successfully. A 
portable unit and a new photographic paper have made this 
method of inspection economical. W. Hz. 

Gypsum. C.L. Happon. Chem. & Ind., 52, 24-7 (Jan. 13, 
1933).—Gypsum deposits were probably formed by the inter- 
action of calcium bicarbonate in river waters with sulfates in 
waters of lakes into which the rivers flowed. The presence of 
other salts and the temperatures at which the reactions took 
place helped to determine whether the hydrated or the anhydrous 
form of calcium sulfate was formed. Gypsum is used chiefly 
in the manufacture of cements and plasters, several of which 
are described in this article. ; 

Pectography: The effect of colloids on crystallization. I. 
ALEXANDER. Chem. & Ind., 52, 3-4 (Jan. 6, 1933)—Many of 


the curious forms found in frost ‘crystals on window panes show 

the directive effect of soap or salt on the crystallization of water. 

It seems evident that the form and shape of living organisms 

and of growths in living organisms are largely controlled by a 

complex interplay of the forces causing crystalline growth as 
E. R. 


modified by colloidal substances. 

Industrial hydrogenation. J. B. Pumures. Chem. & Ind., 
52, 51-3 (Jan. 20, 1933).—Industrial hydrogenation of today is 
based on the simple procedures used many years ago by Sa- 
batier, Willstatter, Ipatief, and others. The earliest commercial 
application of these principles was made by Norman in 1903. 
The most important factors in the control of industrial hydro- 
genation processes are: pressure, temperature, preparation of 
catalyst, treatment of raw materials, reaction time. Hydro- 
genated fish oils are used chiefly in the manufacture of soap, 
while vegetable oils are used in the preparation of solid edible 
fats. E. R. W. 
Some problems of the chemist in the flour industry. A. J. 


3581 


Hammer. Chem. & Ind., 52, 152-5 (Feb. 24, 1933).—Flour is 
one of the most difficult materials with which the chemist has 
to deal when it comes to predicting the behavior of a certain 
sample in the hands of the consumer. The determinations of 
protein, ash, and moisture are among the common duties of the 
cereal chemist. Baking strength, that property of flour by 
which it is able to produce a good loaf of bread, is usually de- 
termined by a standard baking test. Certain chemicals have 
been found to improve the baking strength of poor flours. Chemi- 
cals are important in the bleaching of flour and in the fumigation 
of mills. It is highly desirable to develop some purely chemical 
test by which the behavior during baking may be ae ag pre- 
dicted. E. R. 

And now, glass. Ind. Bull. of Arthur D. Little, Inc., 1s, 2 
(Mar., 1933).—When all of the various types of glass and their 
susceptibility to improvement are considered, it appears that 
the estimate of Frank Lloyd Wright, the chief “prophet” of 
contemporary architecture, that glass is to be the prime super- 
material of construction, may not be entirely without foundation. 
Glass is fragile, but already considerable progress has been made 
to minimize this disadvantage. The tensile strength of glass may 
be raised five times to equal that of wrought iron. Laminated 
glass overcomes many of the disadvantages of fragility, and 
developments with cellulose acetates, other cellulose derivatives, 
and resins promise much in lamination. Familiar by this time 
is the almost constantly increasing use of glass in architecture. 
Glass has definitely arrived for walls, ceilings and floor panels, 
grilles, furniture, etc. Opaque structural glass is now obtainable 
in both plain and mottled colors, in glossy or dull finish. It 
may be etched, lacquered, or decorated by fusing upon it 
colored translucent vitreous glazes. G. 

Colloidal fuel. Ind. Bull. of Arthur D. Little, Inc., 75, 4 
(Mar., 1933).—The World War gave impetus to the attempt to 
combine coal and oil into a liquid fuel, but not until the last 
three or four years has interest been revived in colloidal fuels. 
The S. S. Scythia has isolated one boiler of four furnaces for a 
full-scale test at sea of 150 tons of colloidal fuel. The experi- 
ment has been carried on by the Cunard Line and has attracted 
world-wide attention. Colloidal fuel is said to carry more heat 
units for a given volume, and consequently to increase the cruis- 
ing range of such carriers as must transport their own fuel. 
Colloidal fuel offers an outlet for the ‘‘fines’’ of the coal industry. 

G. O. 


Looking back at 50 years in ammonia-soda alkali industry. 
E. N. Trump. Chem. & Met. Eng., 40, 126-9 (Mar., 1933).— 
The actual chemical reactions involved in the production of 
ammonia-soda have not been changed since their conception 
by Ernest Solvay. However, the detailed design of each piece 
of apparatus has changed so radically that it is doubtful if any 
modern plant would be infringing upon the patents of Solvay 
even if they were in force today. A drawing is given showing 
the flow diagram of the process used in a modern plant. 

J. W. H. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Tests you can make with light and chemicals. R.B. WaAILEs. 
Pop. Sct. Mo., 122, 52 (May, 1933).—Experiments are described 
which makes use of the photochemical properties of silver, 
copper, iron, and chromium compounds. A home-made Bunsen 
burner which can be used for the production of the monochro- 
matic sodium flame is also described. BH. T..B. 

How to take pictures with your microscope. B. Harti. Pop. 
Sci. Mo., 122, 48 (Apr., 1933).—With practice, quite satisfactory 
photomicrographs may be obtained using a camera and micro- 
scope. ee. FB. 

Experiments with colloids for the home chemist. R. B. 
Waites. Pop. Sct. Mo., 122, 56 (Apr., 1933).—Several methods 
of preparing colloidal solutions are described together with 
some properties of such solutions. A number of interesting ex- 
periments illustrating the phenomenon of diffusion in gels are 
given. 

Electroplating with zinc-cadmium. I. Kowarsxy. Pop. 
Sci. Mo., 122, 82 (Apr., 1933).—Instructions are given for 
obtaining a durable plate. 2 he Be 

A universal dilatometer. R. Hotcoms. Science, 77, 261 
(Mar. 10, 1933).—Heretofore, experimental work on the change 
of volume which takes place during the process of neutralization 


of an acid by a base has been perfotmed by determining the 
densities of the solutions of acid and base, and of the salt formed 
upon neutralization, and calculating the volume change occurring. 
An apparatus has now been devised with which it is possible to 
add known volumes of one liquid to a known volume of another 
and, after equilibrium has been established, to read directly the 
volume change which has occurred. The dilatometer should be 
of value for the investigation of volume changes under many 
conditions besides neutralization. (A diagram of the dilatome- 
ter is included in the article.) E.. C.. KE. 

The personal factor in chemical analysis. R.K. CARLETON. 
Rep. New Eng. Assoc. Chem. Teachers, 34, 75-82 (Feb., 1933).— 
When the influence of the personal equation is considered, two 
factors must be recognized as affecting the precision of any 
reading in analytical chemistry: (a) the actual threshold of 
perception and (6) the variations above and below this threshold 
on the part of individuals. The experimental work and the 
results of the experiments are given. 

Discrimination of color values follows Weber’s law of incre- 
ments. Small increments of color are more easily and accurately 
discerned at a moderate or low concentration than are large 
increments in a more highly concentrated solution. O. C. 





RECENT BOOKS 


[GuipEs TO SouNnD Fiims.] 1. OxIDATION AND REDUCTION. 
2. MOoLecuLaR THEORY OF MaTTER. Hermann I. Schlesinger 
and Harvey B. Lemon, University of Chicago. University of 
Chicago Press, Chicago, 1933. iv + 28 pp. each. 8 and 7 


Figs., respectively. 14 X 20cm. 35 cents each. 


The sound films ‘‘Oxidation and Reduction” and “Molecular 
Theory of Matter,’ each one full reel in length, available on 
non-inflammable stock in both 16-mm. and 35-mm. widths, 
have been produced by Erpi Picture Consultants, Inc., for the 
University of Chicago, under the supervision of Professors Her- 
mann I. Schlesinger and Harvey B. Lemon. They are the first 
two of ‘‘twenty such productions which are being prepared from 
material included in the freshman and sophomore courses in 
the Physical Sciences offered by the University of Chicago.” 

In order to give a fair criticism on the guides which accompany 
these films, the reviewer obtained the films and viewed them 
before reading the guides. A close study of the guides followed 
with subsequent showings of the films. The guides, in each 
case, present the following topics: (1) objectives; (2) intro- 
ductory explanation of the subject matter of film; (3) subject 
outline of film with specific page references to several chemistry 
texts and other chemical literature; (4) the initial use of the 
film; (5) subsequent showings of the film; (6) content of the 
film; (7) general references. 

A study of items 1, 2, and 3 should precede the initial showing 
of the film after which further study is centered on the item, 
“content of the film,’’ which gives completely the lecture of 
the sound film with actual demonstration material inserted in 
italics. About forty footnotes raise questions about the experi- 
ments or explain more fully details on which there is not time 
to dwell in the picture. One criticism the reviewer would offer 
is the omission of some very generally used texts among the 
lists of books to which reference is made. Distinct and clear 
enunciation in speaking parts and sharp detail in pictures 
characterizes both films. 


OXIDATION AND REDUCTION 


Oxidation and reduction are presented in this film as a pre- 
liminary study and not from the electronic or valence standpoint. 
The film is both instructive and spectacular, with some demon- 
strations not common to the ordinary textbook. This picture 
is excellently fitted for showing to high-school chemistry classes 
and presents subject matter which can be understood by a pupil 
with reasonable application. To the college freshman who is 
often restive at repeating his high-school work, it seems to the 
reviewer that the showing of this film with study of the accom- 
panying guide will furnish a thorough review if he has viewed it 
before and a clear and interesting review if he has never seen 
the film before. 


MOLECULAR THEORY OF MATTER 


This film presents in very excellent fashion the subject matter 
in the limited time required by one reel. To be thoroughly 
understood by the student it will require at least two subsequent 
showings and much real study of the supplementary material 
presented in the footnotes of the guide and additional textbook 
references. It is more truly on the level of college students 
than the film “Oxidation and Reduction,” but should not be 
considered beyond the understanding of the average high-school 
pupil. Some of the mechanical manipulations used in the 
picture require a knowledge of physics or definite explanation 
by the instructor after the first showing. There is opportunity 
for some explanation by the instructor during the showing of 
the picture. Animated drawings are very good. The film 
can well be shown at three or four different points in the first 
semester’s work to illustrate the relation of the molecular theory 
to various phases of chemistry. 

M. V. McGILi 


Lorain HicH ScHOOL 
Lorain, OHIO 


CHEMISTRY TRIUMPHANT. William J. Hale, Ph.D., Director 
Organic Chemical Research, The Dow Chemical Company. 
The Williams & Wilkins Co. in codperation with The Century 
of Progress Exposition, Baltimore, Maryland, 19382. x + 
151 pp. 12.5 X 18.5cm. $1.00. — 


This book is one of a series issued under the auspices of the 
Advisory Committee of the National Research Council formed 
to assist the trustees of the Century of Progress International 
Exposition in bringing to the people at large information re- 
garding the meaning of the advance illustrated objectively in 
the exposition. The little book covers an immense amount of 
ground. The treatment is to emphasize the relation of chem- 
istry to the progress of the human race. The first chapter 
starts with an outline of the high points of human achievement, 
beginning with the discovery of written language, the develop- 
ment of independent thinking in Greece, the emphasis on law 
and order by the Romans, and the coming of experimentation 
as a contribution by the Arabs. This is followed by a paragraph 
on the Saxon ascendency, emphasizing the breaking away from 
dogmatic religion, starting with the revival of learning and the 
Reformation—the two being rather confused by the author— 
and the term Renaissance being applied to a date very much 
later than 1530, which is usually considered the end of that 
period. By the time page six is reached the English ascendency 
is emphasized with the development of the steam engine, the 
locomotive, steamboat, and the spinning machine. This period 
is referred to as the ‘“‘Dawn-Industrial Era.”” Then comes a 
reference to the German ascendency and a statement that the 
dye industry is the most fundamental the world can ever have. 
“As a result of the World War chemical study came to the 
fore—a Chemico-Genesis of the world itself. It is the heritage 


which Germany gave an advancing civilization—the valorization 


of chemistry.” The chapter ends with emphasis on the future 
that is to be a biological development using an exact knowledge 
and control of bacteria and enzymes. 

Chapters 2, 3, and 4 are headed ‘‘Nature Reveals Herself,” 
“Chemical Insight Dawns,” and ‘‘Industrialization Broadens.” 
These three chapters occupy forty-two pages and they are 
essentially incomprehensible to anybody who has not a fairly 
good knowledge of organic and general chemistry. In fact 
the reader is advised in a footnote that, if he is unfamiliar with 
modern chemical terminology, he may find it desirable to post- 
pone Chapters 2 and 3 to a second reading. The reviewer 
believes also that Chapter 4 is beyond the comprehension of 
any one who is not familiar with chemistry, at least to the extent 
of a good high-school course. However, the amount of material 
packed into these chapters is quite extraordinary, and they would 
be most valuable as reading for students to give them some idea 
of the versatility of chemical industry. Also if they followed up 
the very brief references to any number of products, especially 
of the organic chemical industry, they would have a very excellent 
guide to lead them to reading matter outside the range of the 
theoretical textbook. 

Chapter 5 deals with “The Chemical Revolution.” It is 
fairly easy reading, and has for its purpose to make clear how 
greatly chemical industry has modified other human efforts by 
substituting artificial for natural products—indigo, alizarin, 
rayon, nitrates, and so on. 

Chapter 6 deals with mining, and emphasizes the possibility 
of a much better control of the resources of the earth’s crust 
than has been realized so far. Steel is to become obsolete but 
only after it has been made cheaper by a more rational handling 
of the ore. Aluminum is to become a metal so cheap that it 
can be used wherever its qualities make it useful. And there 
is a curious statemerit—‘‘The storage and distribution of water 
will ever constitute the greatest of mining enterprises.’”? Ap- 
parently the idea is that water will be pumped all over the world 
from the natural reservoirs, lakes, and, possibly for certain 
purposes, the ocean. 
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The treatment of ores is considered more political than chemi- 
cal and the view is held that all coal, oil, and gas should be used 
as fast as needed without any worrying about the future; that 
industry is already far enough along to make certain the finding 
of other fuel sources long before the thousand years still available 
to us in the oil, coal, and gas in the earth’s crust is up. ‘Within 
100 years gas, coal and oil will serve merely as an additional 
source of power at isolated locales.’ 

The remarkable teleological inference is drawn, that the 
original scheme of creation, which started man out about one 
million years ago, was only one-tenth of one per cent. in error on 
the side of an excess storage of necessary materials for man. 

Chapter 7, “Agriculture at the Chemogenetic Stage,” argues 
that the handling of crops must be treated more scientifically— 
the South should grow just those crops which are suited to the 
climate and produce materials that really have value. For 
instance, tung oil, ramie, and cotton should be grown in, the 
Southeast, and north of that, long-leaf and loblolly pine. The 
West is to go over to the growing of soy bean, corn, and, most 
important of all, the Jerusalem artichoke. It is impossible to 
do more than say that this whole chapter bristles with sugges- 
tions which are constructive but which are much more difficult 
to put into execution than the author makes them appear. 

Chapter 8 deals with ‘‘Manufacture on a Chemical Basis.” 
In this very brief chapter the suggestion is made that all buying 
should be reduced to a scientific basis so that the enormous 
amount of advertising that goes on with its waste effort and 
material will be discontinued. 

Chapter 9 deals with ‘‘Transportation in Chemical Service.” 
This is more economic than chemical, although it does emphasize 
improvements in our transportation equipment. The chief 
thesis, however, is that the method of taxing railroads is on 
the face of it absurd and bound to do much more harm than good. 

Then comes Chapter 10, entitled ‘‘Human History in Chemical 
Perspective.’”’ This starts out with the Eolithic age, a million 
years B.c. plus and minus, to about 200,000 p.c. In short 
paragraphs the Paleolithic and Neolithic ages are characterized 
and then comes the metallic period—the bronze age; iron age; 
steel age, 1856 to 1982; and Magal age, 1932 to (?). This 
sings the praises of the alloys of aluminum and magnesium as 
promising a totally new development in mechanical apparatus. 

Next comes a treatment of the “Plastic Period,’ which is 
dated for the Paleoplastic age, 30,000 B.c. to a.p. 1910, during 
which time man used ivory, bitumen, amber, bone, and horn. 
The Neoplastic age started in 1910 and is expected to continue 
to 1950, the period being initiated by the discovery of bakelite 
since which a whole host of synthetic resins have made their 
appearance. Looking into the future the author sees a Silico- 
plastic age; this he dates at 1950 to (?). The suggestion is 
made in this paragraph that we can deal with silicon compounds 
very much as we have with alloys and by introducing atoms into 
the lattice structure, which confers special properties, we can 
produce what are essentially silicoplastics. These plastics will 
enable us to achieve a development when ‘“‘The tall skyscrapers 
of today will seem as pigmies in comparison with the super- 
structures of tomorrow. Buildings will be moulded from plastic 
material poured from above. A height of 10,000 feet should 
offer no obstacles whatsoever.” 

Chapter 11 is entitled ““Chemeconomics.” It again contains 
very little chemistry and a great deal of economics. It em- 
phasizes the five basic rules of chemeconomics, the first of which 
is that all work of man disintegrates with time and, therefore, 
loses value constantly and so on through other equally general 
statements. The chapter closes with a vicious attack on diplo- 
mats and statesmen who are incapable of visualizing chemical 
concepts. 

Chapter 12, entitled ‘The Triumph,” is a pxan of glory. 
‘“‘When he (man) learns more of nature’s methods that are 
surpassingly wonderful and rich in promise, he will apply them 
in the great laboratory that is his. Amply sufficient is the ca- 
pacity of this laboratory for the supply of foods and necessities 
of life to all the inhabitants of earth for millions of years to 
come.” 
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“Thus is chemistry triumphant. To scientists in general 
it is the unfolding of nature’s forces, but to the chemist it is 
the atonement so long awaited, when nature and man could 
effect that which only nature heretofore controlled. In the 
Divine plan this stage must have been predestined. Today we 
are at its threshold. Tomorrow a new life begins.” 

The little book, with all its distortions, its one-sided treatment 
of the world from the point of view of the industrial chemist, 
is still very suggestive and well worth the few minutes it takes 
to read. It would be unfair to criticize the obvious enthusiastic 
over-optimism it contains, because this is quite secondary in 
disqualifying the book for the purpose for which it was written. 
There is one interesting lesson to be learned from it, as the 
reviewer sees it, and that is that a successful industrial chemist 
is not of the pure research type. No man who is hemmed about 
by the very exact requirements of pure research investigation 
could have written such a book as “Chemistry Triumphant.” 
It has an exuberance that comes of successes in obvious and 
practical ways, rather than in the elucidation of the character- 
istics of natural phenomena. 

R. E. Rose 


E. I. pu Pont pE Nemours & Co. 
WILMINGTON, DELAWARE 


THE LuRE AND ROMANCE oF AtcHEeMy. C. J. S. Thompson, 
M.B.E. (The Simple Guide Series.) George G. Harrap & 
Co., Ltd., London, Bombay, and Sydney, 1932. 249 pp. 
13.7 X 19.5cm. 77 Illustrations. 5s net. 


This is a fine popularization of the early history of chemistry, 
readable, attractive, and interesting, but at the same time 
scholarly and accurate. It compares with certain other recent 
attempts in the same direction as the London Times compares 
with a New York tabloid. The author nowhere sacrifices the 
truth in an effort to be sensational. He seems to be acquainted 
with the latest advances in the study of the history of chem- 
istry. His book contains some material which has not hereto- 
fore been included in works on that subject, and much valuable 
matter which is not ordinarily included in popular works on 
alchemy. 

The turned-in portion of the yellow wrapper which comes 
around the book carries a bit of unusual advertising, unusual 
because it is an exceptionally fine piece of writing and unusual, 
perhaps, because it conveys nothing but an accurate idea of the 
contents. We quote it in full. 

“This age, an age of exact science and progressive scientific 
research, can afford to indulge its weaknesses for the half-sciences 
of earlier times. Having witnessed the discovery of radium, it 
can listen without contempt to the joyous jargon of the old 
fellows who pursued the Elixir of Life and the Philosopher’s 
Stone. Mr. Thompson has much to tell us about all these things, 
about the mystery of the Emerald Tablet, the speculations of 
Hermes Trismegistus, the discoveries of Zosimus the ‘learned 
Theban,’ the strange, startling, and fantastic gospel according 
to Gebir; he takes us into the smoky laboratories of the medizval 
gold-seekers, among alembics and crucibles and stuffed croco- 
diles; he relates the wild and sometimes ludicrous adventures 
which overtook sincere zealots and impudent charlatans; of 
the alchemist’s technical terminology and his extensive range 
of chemical and animal raw materials we learn just enough 
to give colour to the narrative, never enough to clog its course. 
Chapters are devoted to the often shady dealings of needy 
royalties with enterprising ‘men of science,’ to alchemists in 
literature, to the Rosicrucians, and to those who in our own times 
have tried to make gold out of baser metals. The record is not 
one of unrelieved folly and failure, and before it ends Mr. Thomp- 
son is able to demonstrate how great a debt modern scientists 
owe to these groping and dreaming forerunners of theirs in other 
days.” 

The book is well indexed, bountifully illustrated, and very 
moderately priced. 

TENNEY L. Davis 
Mass. INST. OF TECHNOLOGY 
CAMBRIDGE, Mass, 
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AN OUTLINE oF Atomic Puysics. Members of the Physics Staff, 
University of Pittsburgh. John Wiley & Sons, Inc., New 
York City, 1933. vii + 348 pp. 160 Figs. 15 X 23 cm. 
$3.50. 

“This book grew out of a course of lectures given for some 
years to intelligent young men and women. ‘All had completed 
a year’s work in college physics. Most of them expected to 
devote their lives to professions other than physics, such as 
medicine, law, or chemistry.” The resulting volume is an ad- 
mirable reference work for chemistry teachers and students 
who want up-to-date reliable information regarding recent 
developments in modern physics. As is well known, many of 
these developments are leading to a more fundamental knowl- 
edge of the laws and principles of chemistry; they are supplying 
new methods of attack on many problems which, until recently, 
have been considered as purely chemical. 

Although the book is not written in a ‘‘popular’”’ style, “revel- 
ling in word pictures and analogies,” the authors have never- 
theless spared no pains in their efforts to make the treatment 
clear and understandable throughout. Experimental and 
theoretical relationships are frequently expressed in mathematical 
form, but long derivations of these are omitted and the calculus 
is carefully avoided. The many illustrations are excellently 
chosen and executed, much good use being made of graphical 
representations and of simplified drawings of experimental ar- 
rangements. 

An idea of the scope of the work can be gained from the Chapter 
titles. These are: I. By Way of Introduction. II. The 
Atomic Nature of Matter. III. The Atomic Nature of Elec- 
tricity. IV. The Corpuscular Nature of Radiant Energy. V. 
Spectroscopy. VI. The Planetary Atom. VII. X-Rays. 
VIII. Waves and Corpuscles. IX. Atomic Spectra. X. 
The Periodic System. XI. Molecular Structure. XII. Radio- 
activity. XIII. The Theory of Relativity. XIV. Astrophysics. 
XV. New Light on Old Problems. The reviewer unhesitatingly 
recommends the book to all who seriously desire an authoritative 
summary of the latest achievements in these fields. 

It may be added that the publishers also have done a first- 
class job, paper, printing, binding, etc., all helping to make the 
book a valuable one. Mavrice L. HuGcINns 


THE JoHNS HopKINS UNIVERSITY 
BALTIMORE, MARYLAND 


INSTITUTE OF CHEMICAL 
D. Van Nostrand Co., 
15.25 X 22.75 


TRANSACTIONS OF THE AMERICAN 
ENGINEERS. VoL. XXVII. 1931. 
Inc., New York City, 1932. iv + 425 pp. 
cm. $6.00. 

Discussions of the occupations and earnings of chemical 
engineering graduates, the relative merits of platinum versus 
vanadium pentoxide as a catalyst for sulfuric acid manufacture, 
and the broad subject of stream pollution, its causes and pre- 
vention, comprise the greater part of this volume. Other 
papers comprise a symposium on the theoretical considerations 
governing heat technology and the corrosion-resisting properties 
of zirconium alloys. 

A survey of the occupations and earnings of 1000 recent 
chemical engineering graduates from five recognized institutions 
of learning reveals the existence of a potential demand from 
industry for about 2000 of these mena year. Today, it is shown, 
about one-eighth of all engineering graduates took chemical 
engineering and that the saturation point is far from being 
reached. Five industries—chemicals, petroleum, rubber, iron 
and steel, and pulp and paper, seem to absorb more than half 
of these graduates, while the food, textile, and leather indus- 
tries, strangely, absorb only two per cent. 

The highly controversial question of the relative merits of 
platinum and vanadium catalysts for sulfuric acid manufacture 
is set forth in detail and is enriched by a large amount of dis- 
cussion submitted by engineers having actual experience with 
both types. Both sides of the question are presented, accom- 
panied by a great deal of performance data, such as SO: con- 
centration in burner gas, consumption of catalyst per cent. 
conversion, and rate of arsenic poisoning. 


One-third of the volume is devoted to the subject of stream 
pollution and the treatment of industrial wastes. The con- 
tributors include, in addition to chemical, civil, and sanitary 
engineers, a number of governmental officials with the result 
that the problem is attacked from the legal, economic, and 
social viewpoints as well as the technical. The source of the 
problem is traced to congested industrial centers. The natural 
self-purification of streams is explained, and the experiences of 
three states in regulating waste disposal are outlined. Reference 
is made to the broad federal and specific state powers bearing 
on the situation and the effective methods of treatment actually 
worked out in a dozen different industries. 

A symposium of heat technology, comprising four papers, 
covers such theoretical questions as the effect of tube length on 
the transfer of heat to oil flowing in pipes, the application of 
theoretical equations to the drying of solids, and the rate of 
heat transfer in stream-line flow. Another paper, the seventh 
of a series, reports on studies made to determine the resistance 
to corrosion of zirconium alloys and on comparative tests with 
other types of alloys. A formula is given for zirconium alloy 
for service in hydrochloric and sulfuric acids, composed of Zn, 
Fe, Ni, Al, Si, and C. 


MISCELLANEOUS PUBLICATIONS 


COMBATING CHEMICAL CORROSION WITH ALCOA ALUMINUM. 
Aluminum Co. of America, Pittsburgh, Pa., 1933. 43 pp. 
13 X 21 cm. 


This booklet is devoted fundamentally to a consideration of 
the chemical behavior of Alcoa aluminum products in contact 
with a variety of typical materials, together with a discussion 
of other factors and tabulation of data which should be con- 
sidered by engineers responsible for the selection of materials. 


NATIONAL RESEARCH COUNCIL PUBLICATIONS 


The following recent publications, Reprint and Circular 
Series, of the National Research Council, Washington, D. C. 
may be obtained from the Council at the prices indicated. 


NiInTH REPORT OF THE COMMITTEE ON Contact CATALYSIS, 
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second time in its history of nearly three cen- 

turies Harvard has elected a chemist to the 
presidency. Chemists with a weakness for vicarious 
pride will experience a thrill of satisfaction that Dr. 
James B. Conant has been the recipient of this honor. 
It has been amply demonstrated within the memory 
of all of us that almost any native-born, protestant 
Nordic who has survived to the prescribed age may 
become president of these United States. The presi- 
dency of Harvard, however, is still an’ office to be 
regarded seriously. It does not fall to the lot of men 
of meager attainments or mediocre capacities. 

There is, nevertheless, a certain element of tragedy 
in all such translations. No administrator comes into 
being in this manner but that a scientist dies. The 
end may be quick and painless or lingering and in- 
voluntary, but it appears to be inevitable. Whether 
regret or rejoicing predominates in one’s contempla- 
tion of the event depends largely upon whether or 
not one holds that the prospect of omelets compensates 
for the breaking of eggs. 

In the present instance our regrets, if any, must be 
considerably mitigated by the confidence that the 
quality of the product will justify the raw-material 
expenditure. A keen and alert intelligence and a 
mastery of the scientific method do not always guar- 
antee administrative success. When, however, these 
qualities are combined, as in Dr. Conant, with an 
unusual capacity for inspiring respect and good will 
in others, and with a considerable breadth of outlook, 
we need scarcely fear that they will be ineffectually 


directed. 
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N PESSIMISM. Pessimism and its antonym 
() have been epigrammatically defined ad nauseam. 

Perhaps that is why the term is, in reality, so 
incompletely understood. Epigrams are generally 
more successful in the distortion than in the diffusion 
of truth. 

An elementary distinction which even the dictionaries 
overlook is that between intellectual and emotional 
pessimism. Indeed, without ever clearly recognizing 
the distinction, most people tacitly assume that the 
latter is the natural and inevitable outgrowth and 
accompaniment of the former. This assumption is 
not justified. 

We are not all emotional pessimists, yet all of us 
are to a certain extent intellectual pessimists. That 
is to say, we all acknowledge certain unpleasant facts, 
but we do not all permit those facts to reduce us to 
melancholia. We are aware, for instance, that death 
is inevitable and that it is rather more likely than 
not to be attended by distressing circumstances. 
We are also aware that no person whose income is so 
small that he finds taxes a real burden can avoid 
paying them. We are further aware that, once paid, 
taxes will be, in the main, wasted; a small portion 
will be employed toward useful ends and another 
portion will be expended to the detriment and annoy- 
ance of the taxpayer. To this extent we are all intel- 
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lectual pessimists. The greater our knowledge and 
intelligence the greater will be the extent of our in- 
tellectual pessimism. 

It does not necessarily follow, however, that we need 
be emotional pessimists as well. Indeed intellectual 
pessimists are, as often as not, far from being gloomy 
fellows. Your emotional pessimist may be also an 
intellectual pessimist but he is far more likely to be a 
frustrated and embittered intellectual optimist. The 
intellectually optimistic lad who memorizes and 
practices all the copy-book maxims and who sincerely 
believes that wealth, honor, and happiness are the 
just rewards of industry, frugality, and docility is 
likely to develop a persecution complex and becomes 
a confirmed emotional pessimist when he finds that 
these rewards are withheld from him. Not so the 
hardboiled youth who clearly perceives that integrity, 
for instance, is in reality a rather choice luxury. If he 
elects to go in for it he is never surprised and seldom 
aggrieved if it develops that he must pay for his fancies. 
It is no shock to him that hobbies are more apt to 
require subsidy than to pay dividends. 

By all means let us have more intellectual pessimists. 





ing of the American Chemical Society will take 

place in Chicago during the week of September 
tenth. Chief among the extra-meeting attractions 
will be the opportunity to visit the ‘Century of Prog- 
ress’ exposition. A brief review of the chemical 
exhibits on view there is presented in this number. 
Certainly no teacher who has arranged or expects to 
arrange a school chemistry exhibition will be content 
to miss seeing them. While many of the exhibits are 
more elaborate and expensive than a school could 
prepare, numerous suggestions for demonstrations 
and project experiments will be discovered by any one 
with a little aptitude for cutting a coat to fit the cloth 
available. 

Remarkably low round-trip fares to Chicago, with 
liberal stopover privileges, have been announced by all 
transportation agencies. Accustomed as we have 
become to bargain prices of all sorts, we have not 
often encountered, nor shall we soon again be offered, 
so sound an investment for a week’s time and traveling 
expenses. Moderate hotel rates are guaranteed. 
(For details consult the News Edition of Industrial 
and Engineering Chemistry 
for May 10, 1933.) 

The program for the Di- 
vision of Chemical Educa- 
tion is now in preparation. 
Present indicationsare that 
the sessions of the Division 
will be at least as interest- 
ing and as meritorious as 
those at Washington. A 
preliminary schedule will 
appear in a later number 
of the JOURNAL. 


(Cm oft MEETING. The eighty-sixth meet- 














GREAT HALL OF THE HALL OF SCIENCE BEFORE THE INSTALLATION OF EXHIBITS 


CHEMICAL EXHIBITS at 
A CENTURY of PROGRESS 


IRVING E. MUSKAT 


A Century of Progress, Chicago, Illinois 


HERE is a natural tendency for the individual 
scientist to believe that the particular branch 
of science in which his interest lies is of basic 

importance in its contributions to human knowledge 
and thereby to human progress. However, the chemist 
can claim, with some justice, that in his field—chem- 
istry—all sciences find their common meeting ground. 
Thus the chemist uses mathematics as a tool for stating 
more accurately his chemical observations; he applies 
to his chemical problems the principles described by 
physics; he isolates, purifies, and makes available for 
use the minerals and ores located by the geologist; 
and he is now interpreting biological phenomena in 
terms of chemical changes and is helping to pave the 
way for a clearer understanding and thereby a more 
accurate control over the physiological processes oc- 
curring in our own bodies. 


It is, therefore, fitting that the approach to the Hall of 
Science from the great plaza facing the lake should 
present to the visitor some concept of the phenomenal 
development of chemistry, as a symbol of the contribu- 
tion of science to human progress. The Century of 
Progress fortunately has been able to obtain a series 
of ten strikingly beautiful murals which depict the 
growth and development of chemistry and its applica- 
tion to industry, commerce, and medicine. These 
murals will be placed on the front of the Hall of Science 
facing the lake where they will serve the dual purpose 
of adding to the beauty of the building and introducing 
the visitor to the exhibits that are displayed within. 

As one enters the Great Hall (shown above) of this 
building which has been dedicated to Basic Sciences, 
the attention is at once focused on an imposing model of 
the periodic table of the chemical elements which oc- 
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CouURT OF THE HALL OF SCIENCE, WITH ITS CARILLON TOWER 


cupies one end of the Hall. This exhibit, by virtue of 
the fundamental scientific principle which it depicts, by 
its central location, and by its unusually striking design, 
has rightfully been called the central feature of the 
entire Exposition. The periodicity of the elements, 
which this model portrays, is one of the most funda- 
mental concepts of modern chemistry. This classifica- 
tion of the elements has made possible the prediction 
of the probable sources and the ultimate discovery of 
new elements; it enables the chemist to predict the 
properties of new compounds; and it has pointed out 
to the research worker new directions in which fruitful 
results may be expected. 

This exhibit as a whole is approximately thirty feet 
high and twenty-five feet in diameter. The lower part 
consists of a beautifully designed model of a periodic 
table of the chemical elements, in which is displayed in 
proper sequence a sample of each of the elements. In 
each case the most important source and the most im- 
portant use of the elements are also presented. The ma- 
terial for this exhibit has been assembled from all over 
the world—and in many instances very rare and beauti- 
ful specimens have been obtained. To emphasize the 
fact that the ninety-two chemical elements comprise all 
that we know of the earth, a ten-foot revolving globe 
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surmounts the periodic table. On this globe 
will be indicated the location of the most im- 
portant sources of the more common elements. 
The entire exhibit is so designed and so lighted 
that, despite its enormous size, every visitor 
may view at close range any part of the dis- 
play. 

Surrounding the Great Hall are presented 
the chemical exhibits, arranged in a series of 
connected stories, each story told by a number 
of dynamic exhibits displayed in a logical 
sequence. 

The guiding principle in the preparation 
of these chemical exhibits has been that the 
exhibits must be not only interesting, attrac- 
tive, and entertaining to those who are merely 
curious, but also instructive to those who 
come to learn. In addition, the exhibits have 
been constructed in conformity with a scien- 
tific authenticity which will enable them to 
withstand the rigorous scrutiny of the trained 
scientist. They are not the usual trade-show 
or museum-type exhibit, but are dynamic 
models which show principles and processes 
rather than products and equipment. 

’ The preparation of chemical exhibits pre- 
sents many problems which are different from 
those encountered in the preparation of other 
technical exhibits. It is interesting to note 
that there are museums throughout the world 
in which are displayed excellent exhibits in 
astronomy, geology, physics, biology, and 
medicine; but nowhere is there a really effec- 
tive or adequate exhibit in chemistry. It is 
not difficult to find a reason for this. For in- 
stance, in the preparation of a dynamic exhibit in 
physics, a convenient source of electric current is the 
principal requirement. To show a chemical principle, 
one must supply various forms of energy together with 
chemical reagents which are used up and must be re- 
placed. Refuse and by-products must be removed. 
Fumes are produced and proper ventilation must be 
installed to remove corrosive or poisonous gases. 
Great care must be used to obviate the dangers of fire 
and explosion. All of these and many other difficulties 
must be surmounted before one can build a dynamic 
chemical exhibit. It is one thing to heat mercuric 
oxide in a test-tube and to show that mercury and 
oxygen are formed, but it is quite another thing to con- 
struct a dynamic exhibit which will automatically 
perform this reaction without fail once a minute, ten 
hours a day, for one hundred fifty days. It is just this 
type of exhibit which we proposed to develop and con- 
struct and have to a large measure succeeded in ac- 
complishing. 

In presenting chemistry to the lay public—for you 
must remember that these exhibits are prepared so that 
they will be intelligible to the average man and wo- 
man—we have deviated from the usual- methods of 
teaching chemistry in subdivisions such as inorganic, 
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organic, physical, photochemistry, etc. Rather, 
chemistry is presented as the fundamental 
science of the transformation of matter and 
the laws which describe these transformations. 
We then show the methods and tools of 
chemistry and how, by means of these, the 
chemist has developed our natural resources 
and transformed them into the necessities of 
our daily life. 

The first unit in the chemical exhibits deals 
with chemical changes and the various ways 
in which they may be produced. Here, among 
others, may be seen such striking exhibits as 
the burning of iron, streams of liquid fire, me- 
tallic mercury produced from a clear solu- 
tion, and fire started with water. These ex- 
hibits are spectacular, but since they are de- 
signed to illustrate definite types of chemical 
changes rather than to mystify the layman, 
an accurate explanation accompanies each one. 

The exhibits on chemical changes are fol- 
lowed by exhibits on catalysis, designed to 
show methods by which the speed of chemical 
reactions may be varied. The central feature 
of this unit is the story of sulfur. A dynamic 
display depicts in miniature the actual mining 
of sulfur, its conversion to sulfur dioxide, and 
finally, its transformation to sulfuric acid by 
the contact process. In the contact process 
is shown the Cottrell precipitator by means of 
which the finely divided, colloidally dispersed 
sulfuric acid is quickly changed from a fog 
to a heavy liquid. This leads directly into 
the story of colloids. 

The unit on colloids presents to the visitor 
some of the interesting information which the 
chemist has gained from the study of this class of sub- 
stances. In this unit one can see a beautiful demon- 
stration of the Brownian movement. There are also 
exhibits on the preparation and precipitation of red 
and blue colloidal gold, the purification of water by the 
precipitation of colloidally suspended impurities, and a 
complete operating exhibit on ore flotation which shows 
the separation of gold, lead, and zinc concentrates from 
the crude ores. 

The fourth unit deals with the chemical treatment 
and refining of oil. A complete miniature refinery, 
made largely of glass, has been constructed; and the 
refining processes, beginning with the fractional dis- 
tillation of crude petroleum and ending with the highly 
purified products, may be seen in operation. A voice 
will describe and explain each step of the process. Dem- 
onstrations of some of the characteristic properties of 
oils will be included. The entire display is presented 
with the idea of showing the result of the application 
of theoretical knowledge to a practical problem. 

The fifth unit presents the transformation of rubber 
from the crude, milky latex to the finished product. 
In this exhibit one can see rubber latex flowing from a real 
rubber tree which has been brought here from Africa. 


SoutH VIEW OF THE HALL oF SCIENCE, WITH ITs CONCEALED 


NEON ILLUMINATION 


Dynamic exhibits will demonstrate the continuous 
coagulation of rubber with formic acid, the electro- 
deposition of rubber, and the process of vulcanization. 
The nature and use of accelerators, pigments, and anti- 
oxidants will also be shown. 

The story of air is introduced by means of a diorama 
of Lavoisier in his laboratory. In addition to exhibits 
illustrating the composition of air and the properties of 
its constituents, this unit contains other exhibits which 
show various methods for liquefying gases by cooling, 
by increasing the pressure, and by rapid expansion of 
the gas. Ina lecture room on the ground floor of the 
Hall of Science the properties of liquid air will be con- 
tinuously demonstrated, including some of the striking 
effects of the extremely low temperature which can be 
produced by means of liquid air. 

The unit on coal tar is designed to show how the 
chemist has developed a by-product—which manufac- 
turers formerly paid to have removed as refuse—into 
some of the most valuable products of our present day. 
From coal tar are prepared our beautiful dyes, our 
medicinals, our perfumes, our explosives, and our plas- 
tics. The feature of this unit is an exhibit showing the 
processes involved in the manufacture of bakelite. 
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An outstanding feature of the section dealing with 
electrochemistry is a large, automatically operating 
exhibit which demonstrates the process of chromium 




















plating. The visitor will be presented with a chro- 
mium plated souvenir which he has seen pass through the 
plating process. Electric furnaces of the arc, resis- 
tance, and induction type, and some of the effects of 
the terrific heat which they generate will be shown. 
The final story is on the chemistry of food and nutri- 
tion. This exhibit is unique. A ten-foot robot will 
give a twenty-minute lecture on food chemistry and 
nutrition, illustrating his lecture by means of demon- 
strations which he operates, a number of static exhibits 
to which he points, and finally the demonstration of 
the processes of digestion on himself. by means of a 
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moving picture projected from behind on his own 
front. The robot describes the constituents of food— 
the proteins, carbohydrates, fats, vitamins, and min- 
erals. He demonstrates the function of each and how 
they are broken down or digested in the body to sim- 
pler products which can then be assimilated by the body 


tissues. He also describes the functions of the hor- 
mones in our bodies. 

In addition to these basic science exhibits a number 
of the chemical concerns are presenting striking exhibits 
showing their contribution to the industrial and com- 
mercial development of the scientific principles demon- 
strated in our basic science exhibits. 
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PHOSPHATE ROCK INDUSTRY 
of the UNITED STATES. I 


WILLIAM H. WAGGAMAN 


801 Hollingsworth Avenue, Lakeland, Florida 


Part I of this paper discusses the chemical nature and 
probable geological origin of phosphate deposits. Data 
pertaining to the economic significance of the world 
phosphate industry and the relative part played by Ameri- 
can phosphates are outlined. The important American 
phosphate deposits are described briefly. 


+++ + + + 


HERE are few, if any, more important minerals 

mined in the United States than phosphate rock. 

While we lead the world in the production of coal, 
sulfur, petroleum, and most of the metalliferous ores, 
none of these contribute, except indirectly, to our sup- 
plies of food and clothing. Phosphate rock, however, 
is one of the essential raw materials of agriculture, and 
one without which this fundamental industry (despite 
its present surpluses) could not long keep pace with 
population demands. 

In addition to its value as a fertilizer material, how- 
ever, phosphate rock is the raw material from which 
elemental phosphorus and phosphoric acid are pro- 
duced, and the latter compound is being used in ever- 
increasing quantities in the arts and industries. 

By phosphate rock is meant a mineral consisting 
largely of phosphate of lime, usually expressed as tri- 
calcium phosphate, Ca3(PO,)e, but the results of recent 
researches! indicate that in most deposits the phosphate 
compound is of a more complex nature. Neverthe- 
less, the main constituents are P2.O; and CaO combined 
with small percentages of fluorine, and forming a rock 
very resistant to weathering influences. 


ORIGIN OF PHOSPHATE ROCK 


The original source of phosphate rock is apatite, a 
crystalline mineral widely distributed in igneous rocks 
but occurring chiefly in veins and intrusions and only 
under rather exceptional conditions readily and cheaply 
minable. 

Through countless ages these igneous rocks have 
been gradually disintegrated by natural forces and their 
phosphate content slowly dissolved by carbonated 
waters. Some of the phosphate became a constituent 
part of the soil and continues to be taken up by plants, 
which, in turn, are consumed by men and animals to 
build up bone and tissue. Much of this P.O; is returned 
to the soi! after the decay of animal and vegetable life 
to take part again in Nature’s well-ordered ¢ycle. Vast 


1 HENDRICKS, S. B., H1Lu, W. L., Jacos, K. D., AND JEFFER- 
son, M. E., Ind. Eng. Chem., 23, 1413 (1931). 


quantities of P.O; in very dilute solutions, however, 
have found their way to the sea where the phosphoric 
acid has been taken up and concentrated by living 
organisms. The phosphoric acid has also reacted with 
other products of rock decomposition to form new and 
secondary phosphates which have been deposited as 
sedimentary strata on the ocean bottom. Subsequent 
geologic disturbances have caused these strata to be 
raised above the sea level, and in some cases to be actu- 
ally exposed at the surface of the ground. 

It may be said, therefore, that the bulk of the work- 
able deposits of phosphate now known are directly of 
marine origin, whether they take the form of unleached 
guano from birds feeding largely on fish, or sedimentary 
strata derived from lower forms of marine life and subse- 
quently enriched and redeposited from aqueous media. 

No mineral is found at a greater number of geologic 
horizons, occurs under a wider range of natural condi- 
tions, and varies more in its physical properties than 
phosphate rock. It is found in strata of Ordovician, 
Silurian, Devonian, Carboniferous, Jurassic, Cretace- 
ous, and Tertiary age, and in even more recent strata. 
It occurs in massive seams which are mined or quarried 
like coal and limestone, as pebbles or nodules imbedded 
in a loose matrix, and even as a soft clay-like material 
resembling kaolin. It varies in color from almost jet 
black to rock of dazzling whiteness. Some of it is 
hard and dense while other varieties are soft and porous 
and contain cavities filled with foreign material which 
must be removed by washing. Commercial grades 
vary in phosphate content from 26.5 to 39.0% P:Os 
[58.0 to 85.0% Cas(POx)2]. The impurities with which 
it is associated are usually carbonate of lime, silica, iron 
and aluminum compounds, and small percentages of 
fluorine combined as a constituent part of the rock. 


PRODUCTION OF PHOSPHATE ROCK 


Ever since the discovery of the Florida phosphate de- 
posits, the United States has had a greater annual out- 
put of phosphate rock than any other single country. 
For years we not only supplied our own fertilizer needs, 
but furnished this fertilizer material to many of the 
European nations. Now, however, the combined out- 
put of the countries in northern Africa (Tunis, Algeria, 
Egypt, and Morocco) exceeds our production by fully 
thirty per cent. The phenomenal development of the 
Moroccan deposits which can be readily and cheaply 
mined has caused a serious curtailment in our exports 
of this mineral to Europe, and there is every indication 
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that the future expansion of this industry in the United 
States must depend largely upon the domestic demand. 
Soviet Russia is also becoming a factor in the phos- 
phate industry and will probably soon be in a position 
not only to supply her own requirements but to fur- 
nish a surplus for export.? 

It is to the interest of American agriculture, however, 
to conserve our supplies of this important mineral, 
and though our reserves of phosphate rock are enor- 
mous, they are not inexhaustible and will be needed to 
meet the demands of future generations. Hence it is 
not greatly to be regretted that the Old World is no 
longer dependent on this country for its supplies of this 
basic fertilizer material. 

The world’s production of phosphate rock according 
to the latest available statistics*® is given in Table 1. 
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¢ Apatite. 
@ Apatite and phosphate rock. 
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DISTRIBUTION OF OUR PHOSPHATE DEPOSITS 





The deposits of phosphate rock in the United States 
are rather well distributed to supply our great agri- 
cultural centers. The Florida phosphates not only 
serve the South Atlantic states which draw their 
wealth chiefly from tobacoo, cotton, and fruit, but 
these deposits, being within a relatively short distance 
of the coast, supply most of the factories along our 
eastern seaboard which furnish fertilizer to vast areas 
far removed from the coast. The Florida phosphate 
is shipped not only as far north as New England but 
also to Canadian factories. 

The Tennessee phosphates are conveniently located 
to supply the inland southern states and those just 

2 Hirscn, A., Chem. & Met. Eng., 39, 590-3 (1932); VoLrKo- 
vicu, S. I., AND BERLIN, L. E., J. Chem. Ind. (Moscow), 7, 86- 


105 (1930); Zapapinsku, M. B., ibid., 7, 964-71 (1930). 
3 Jacos, K. D., Mineral Ind., 1932. 
























TABLE 1 
Wor p’s PRODUCTION OF PHOSPHATE Rock (1927-1931) 
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east of the Mississippi River. Practically all of the 
middle western states draw on these deposits for their 
supplies of phosphatic fertilizer. 

The Arkansas phosphates, while of rather low grade 
and as yet exploited to a very limited extent, are well 
situated to furnish fertilizers to the states just west of 
the Mississippi River and east of the Rocky Mountains. 

Finally, the vast deposits of phosphate rock in Utah, 
Idaho, Wyoming, and Montana serve California and 
the northwestern states, and even furnish a limited 
quantity of concentrated fertilizer materials (triple 
superphosphate and phosphoric acid) as far east as 
Illinois, Indiana, and Ohio. The limited use of ferti- 
lizers west of the Mississippi River, however, and the 
long haul to the established market, has held back the 
development of the western phosphates, but this vast 


Country 1927 1928 1929 1930 1931 
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ee EOL Ce 443 Nil Nil Nil 

India (British) 613 818 22 308 

NS ee ere ci 20,700 19,629 18,772 30,300 

MRS CE Su G pa SSUES ADS ORS OGD 75,386 58,776 14,573 27,713 

RENO adios > ssede ls ae a esien 6,480 8,450 13,441 11,150 8,000 

ESS OS, En ee re 135,666 136,306 242,990 176,075 111,422 

DEGEOOOD TEPERCH) ci00.0000e secs ecesess 1,400,000 1,337,100 1,608,249 1,779,008¢ 900,000 
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10,403,771 10,209,816 10,524,309 11,737,490 7,300,000 
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agricultural area will eventually consume enormous 
tonnages of phosphate rock as the so-called ‘‘virgin 
lands’’ become depleted by constant cropping. 


PRESENT RELATIVE IMPORTANCE OF THE UNITED STATES 
PHOSPHATE DEPOSITS 

From the standpoint of development and convenience 
to the market, the phosphate deposits of the United 
States rank as follows in the order of their present eco- 
nomic importance: the phosphates of Florida; the 
Tennessee phosphates; the western phosphates; the 
deposits of South Carolina; and the phosphates of 
Kentucky and Arkansas. The best index of their rela- 
tive commercial importance is the annual production 
of rock, given in Table 2,* from these various fields. 


THE FLORIDA PHOSPHATES 


There are two commercially important types of 
phosphate rock in Florida, namely “hard rock” and 
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TABLE 2 


PRODUCTION OF PHOSPHATE ROCK IN THE UNITED STATES 


1929 
Value 


$267,218 
9,633,856 
$9,901,074 
3,097,104 
141,931 
400 
12,750 
$155,000 
No production since 1922 
No production 
No production since 1912 


$13,153,259 


Tons 

72,424 
3,015,874 
3,088,298 


Phosphate 


Florida Hard Rock.... 

Florida Land Pebble@.. 
Total, Florida 

Tennessee® 


Total, W. States.... 
South Carolina 
Kentucky 
Arkansas 


yy | a ee 3,760,855 


@ Includes a small quantity of soft phosphate. 
+ Brown and blue phosphate. 
“pebble phosphate.” A third type, known as ‘“‘soft 
phosphate,”’ is also mined to a limited extent for local 
consumption, being applied directly to the soil without 
treatment with acid to render its P.O; content soluble. 

Hard-rock phosphate, while the first to be discovered 
in the state and of the highest grade produced in this 
country, no longer ranks in importance with the Florida 
pebble phosphate. Practically all of the hard rock 
produced is either exported or used in this country for 
the manufacture of pure phosphate products. 

The hard-rock region lies toward the west side of 
the Florida peninsula, extending in a general north and 
south direction from Suwanee and Columbia Counties 
to Citrus and Hernando Counties, a distance of over 
one hundred miles. Two railroads serve this region 
and all rock is shipped to a central drying plant at 
Fernandina, a port on the east coast, and from there by 
boat to Europe and our eastern seaboard. 

The rock belongs to the Oligocene epoch and occurs 
as nodules and bowlders imbedded in a matrix of sand, 
clay, and soft phosphate from which it must be sepa- 
rated by a washing process. The deposits are covered 
by an overburden of sand and clay ranging from a few 
inches to thirty feet or more in thickness, and the rock 
rests upon a relatively pure limestone. It is generally 
conceded that these deposits are of secondary origin‘ 
and are derived from formations which are now almost 
entirely lacking in the phosphate area, but are found in 
strata bordering these regions. The replacement of 
the original limestone by calcium phosphate, and the 
precipitation of phosphoric acid from solution were 
the important factors in the formation of these deposits. 

These deposits are quite irregular in their occurrence 
and require the most careful and detailed prospecting 
to determine their value and extent. It is because of 
this irregularity, and the necessity of handling large 
tonnages of foreign material in order to extract a rela- 
tively small percentage of marketable product that 
the mining of hard rock is so much more costly than 
that of Florida pebble phosphate. 

The pebble phosphate deposits of Florida are the 
most extensively worked of any in the world, being ap- 
proached only by those of Tunis. This type of phos- 


4 SELLarDs, E. H., Fifth Annual Report, Fla. Geol. Survey 
(1913); Matson, C. G., U. S. Geol. Survey Bull. 604 (1915). 


3,926,392 


1930 
Value 


$380,540 
6,821,546 
$7,202,086 
1,545,607 
234,781 
301,511 
4,500 
$540,792 


Value 


$517,229 
10,273,076 
$10,790,305 
2,938,525 
234,543 
27,451 
6,000 
$268,000 


Tons 


57,224 
2,004,242 
2,061,466 

343,622 
60,978 
67,893 

1,000 
129,871 


Tons 


$13,996,830 2,534,959 $9,288,485 


phate supplies most of the phosphatic fertilizer require- 
ments of the United States, and a large tonnage is still 
exported to European countries. The area at present 
productive comprises the eastern part of Hillsboro 
County, the southwestern part of Polk County, and 
the northwestern part of Desoto County. This region 
is served by two railroads and the mines are from twenty 
to fifty miles from Tampa and Port Tampa, from which 
most of the rock is shipped by boat to Europe and our 
eastern seaboard. 

These deposits are also of Tertiary age, but more 
recent than the hard-rock phosphate found to the north. 
The chief formation in which the pebble phosphate is 
found is locally known as the ‘‘Bone Valley gravel.” 

It is believed that the pebble deposits are derived 
from the same source as the hard-rock phosphate but, 
whereas the latter are chemical precipitates or replace- 
ment deposits, the former are residual deposits from 
erosion of the parent formation.® 

The pebble phosphate region is relatively level and 
the deposits much more uniform than those in the hard- 
rock area. Not only is the average yield per acre 
greater, but the matrix contains as a rule a higher per- 
centage of recoverable rock. Moreover, the relatively 
small size of the pebbles makes it possible to employ 
the hydraulic system of mining which is both effective 
and cheap. 

Deposits of pebble phosphate range from a few feet 
to thirty feet or more in thickness, with an average 
thickness of about twelve feet. The pebbles vary in 
color from light cream to black, and in size from those 
as fine as sand to nodules as large as one’s fist. 

The average quantity of phosphate recovered from 
the matrix by merely washing and screening is in the 
neighborhood of twenty per cent., but within the past 
few years the principles of flotation have been applied 
successfully to the separation of very fine phosphate 
granules from the silica sand with which they are inti- 
mately mixed, and this process has made it possible to 
effect a considerably higher recovery of marketable 
phosphate. 

Pebble phosphate ranges in grade from 66 to 77% tri- 
calcium phosphate, but the average is about 72%. 


( 5 SELLARDS, E. H., Seventh Annual Report, Fla. Geol. Survey 
1915). 
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TENNESSEE PHOSPHATES 


There are three distinct types of phosphate in Ten- 
nessee, namely, the brown rock, the blue rock, and the 
white phosphate. The last-named, however, is so 
pockety in nature that its exploitation has proved un- 
profitable and only the blue and the brown are now 
being mined. 

These deposits occur in what is known as the Central 
Basin of Tennessee and in the valleys of the western 
part of the Highland Rim surrounding this Basin. 
The area covers approximately 7000 square miles of 
gently undulating country, but the phosphate deposits 
have been developed only in the western part of this 
area. Mining operations are conducted in Lewis, 
Maury, Hickman, and Giles Counties, and the region 
is served by two railroads which afford excellent trans- 
portation facilities to the southern and middle western 
states. 

The brown rock phosphate is of Ordovician age.® 
This type of rock is derived from phosphatic limestone 
by the leaching out of the more soluble carbonate of 
lime, the removal of which was attended by a diminu- 
tion in thickness and a settling of the phosphate strata. 
Some secondary deposition has also taken place in the 
pores of the leached mother rock. Brown rock varies in 
color from gray to a deep chocolate brown, and in tex- 
ture from a porous rock disintegrating into a phosphatic 
sand to a hard, close-grained rock quite resistant to 
weathering influences. The beds range in thickness 
from a few inches to twenty feet or more, with an 
average thickness of six to eight feet. 

The overburden also varies considerably from place 
to place, but is of such character that it can usually be 
readily removed by steam shovel, drag line, or by hy- 
draulic means. The average grade of the marketed 
product is from 72 to 75% tricalcium phosphate, but 
certain deposits yield rock running as high as 78%. 

Tennessee blue rock phosphate belongs to the De- 
vonian period® and at present is mined only in Lewis 
County near the little town of Gordonsburg. 

This type of rock occurs as a conglomerate deposit, 
derived in part from the underlying Ordovician lime- 
stone, and in part from the remains of marine life 
which were more highly phosphatic than those of the 
Ordovician period and hence required little or no sub- 
sequent leaching to render them of economic value. 

Blue rock occurs as distinct strata, varying in color 
from gray to bluish black, and in texture from a hard, 
massive, close-grained rock to coarsely odlitic material 
which is rather easily disintegrated. The thickness 
of the beds varies from a few inches to four feet, with 
an average thickness of about two and one-half feet. 
No bed less than eighteen inches thick is considered 
worth mining. 

The rock is overlain by a massive blue-black shale, 
three feet or more in thickness, and hence it is usually 
necessary to employ underground methods of mining. 





® Haves AND ULRICH, U. S. Geol. Survey Columbia Folio 95 
(1903); Hook, J. S., Resources of Tenn., 4, 51-6 (1914). 
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The average grade of this type of phosphate is about 
72% tricalcium phosphate, though individual deposits 
will sometimes run over 75%. 


WESTERN PHOSPHATES 


The most extensive deposits of phosphate rock in the 
United States, and probably in the world, occur in 
southeastern Idaho, western Wyoming, northern Utah, 
and western Montana. These fields have also been 
traced into Canada. 

Most of the development work in this vast area, 
however, has been done in southeastern Idaho and on 
the Idaho-Wyoming border. 

The phosphate region is served by two railroads, 
though some of the rich deposits are too far removed 
from transportation facilities to warrant their commer- 
cial development at the present time. 

The western phosphates are generally regarded as 
original sedimentary deposits laid down when that 
portion of the earth’s surface was submerged in 
water. They are of Carboniferous age and occur in 
both Permian and Mississippian rocks, but the deposits 
in the former formation have so far proved of the greater 
commercial importance.’ 

The topography of much of this area is extremely 
rugged, the phosphate strata being folded, faulted, and 
submitted to intense erosion. As Mansfield states, 
however, the phosphate owes its exposures to these 
disturbing erosive forces, as otherwise they would be 
buried too deep to render their commercial exploitation 
possible.*® 

These deposits resemble somewhat the blue phos- 
phate rock of Tennessee, but the beds are usually much 
thicker. The richer strata are from two to six feet in 
thickness and contain from 65 to 75% tricalcium phos- 
phate, and less than 3% of iron and aluminum oxides. 
The beds of phosphate are interstratified with limestone 
and shale, which at present are regarded as of little 
commercial importance though many of these strata 
are highly phosphatic. 

Most of the development work in this area is being 
done by a large copper company in Montana, which 
utilizes the rock to market its surplus sulfuric acid, 
producing thereby both triple superphosphate and 
phosphoric acid. 


SOUTH CAROLINA PHOSPHATE 


The phosphate area of South Carolina lies along the 
coast in a belt about twenty miles in width, extending 
from the Wando River in Charleston County to the 
Broad River in Beaufort County. 

This rock belongs to the Tertiary period and accord- 
ing to Rogers’ is derived from the Edisto Marl which is 
believed to be of Miocene age. The rock occurs as 
bowlders, nodules, and small pebbles in a matrix of 
sand and clay somewhat similar to that found in the 





7 MANSFIELD, G. R., Am. J. Sci., 46, 591-8 (1918). 
8 MANSFIELD, G. R., Second Pan-American Scientific Con- 


gress (1917), p. 23. 
9 Rocgrs, G. S., U. S. Geol. Survey Bull. 580 (1914) 
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Florida pebble regions. The nodules are much pitted 
and these pits are filled with clay and foreign material 
which must be washed out before the product is market- 
able. 

The South Carolina phosphate beds have an average 
thickness of only one foot and hence mining is consider- 
ably more costly than in the Florida pebble regions 
where the beds are twelve feet and more in thickness. 
The rock is also of a much lower grade, averaging 
about 60% tricalcium phosphate, and containing a 
rather high percentage of carbonate of lime. 

While the South Carolina phosphate deposits are by 
no means exhausted, and are excellently located in 
regard to transportation facilities and proximity to the 
fertilizer market, the higher grade and more cheaply 
mined deposits of rock in Florida have gradually caused 
a curtailment in the output and in 1925 mining opera- 
tions were suspended. 


PHOSPHATES OF KENTUCKY 


The phosphate deposits of Kentucky so far developed 
have proved to be of such limited extent that they 
are no longer a factor in the industry. The more 
readily accessible deposits have been mined out and 
in 1926 operations were suspended. 

Prospecting for phosphate has been carried on inter- 
mittently at various places in Jessamine, Scott, Wood- 
ford, and Franklin Counties, but only in Woodford 
County, at Midway and Wallace Stations, close to the 
Louisville and Nashville Railroad, has any quantity of 
the mineral been mined. 

The Kentucky phosphate region forms part of the 
great Cincinnati agricultural line, extending from Nash- 
ville, Tennessee, in a generally northeasterly direction 
through Lexington County almost to Cincinnati. 
South of that city it divides into two broad domes, one 
culminating near Nashville and the other in Jessamine 
County, Kentucky. The phosphate strata are of the 
same age (Ordovician) and closely resemble the brown 
rock phosphate of Tennessee.'° Much of the rock is 
so disintegrated and mixed with foreign material that 
it must be washed in order to obtain a product suitable 
for the manufacture of superphosphate. 

The material which has been sold for this purpose 
has had an average grade of 72% tricalcium phosphate. 
In addition to that manufactured into superphosphate, 
an appreciable tonnage has been sold as finely ground 
raw rock for direct application to the field. 


ARKANSAS PHOSPHATE 


The phosphates of northern Arkansas, while well 
situated to supply the areas west of the Mississippi 
River, have so far proved of little economic importance 
due to their relatively low grade as compared to the 


Tennessee deposits. The workable beds have been de- 
veloped in the northwestern part of Independence 
County along Lafferty Creek, north and west of the 


10 PHALEN, W. C., ‘‘Phosphate Rocks in Central Kentucky,” 
Ky. Geol. Survey, 1915, 80 pp. 


White River and about ten miles from Batesville on 
the Missouri Pacific Railroad. 

This rock was formerly shipped to Little Rock, Ar- 
kansas, and manufactured into superphosphate, but 
in 1912 mining operations were suspended as it was 
found more economical to supply this fertilizer factory 
with phosphate rock from the Tennessee fields. 

While formerly considered of Devonian age, more 
recent investigations indicate that the Arkansas phos- 
phate belongs to an older period. It is closely associ- 
ated with manganese ore which may insure their future 
development.!! 

The phosphate occurs in two strata, one directly 
overlying the other. The first, or upper, layer is from 
three and one-half to six feet in thickness and consists 
of a hard, massive rock made up of the rounded frag- 
ments of organic debris, closely cemented together. It 
varies in color from light gray to brownish black. 
This bed averages from 55 to 60% tricalcium phosphate, 
but is rather high in iron oxide. Directly under this 
stratum is another bed of phosphate from two to four 
feet in thickness, closely resembling the upper stratum, 
but containing only from 30 to 40% tricalcium phos- 
phate. This lower layer was thrown away in mining 
operations. 
an W. H., Bureau of Soils Bull. 81 (1912), pp 

(Part II will appear in the August issue.) 


CLEANING SODIUM METAL 


E. B. WILSON 
College of the City of New York 


SODIUM metal may be cleaned by slicing it into strips 
about a quarter of an inch thick, putting into a flask, 
covering with toluene and heating the flask until the 
toluene boils and the sodium melts. The metal will 
flow out of the film of oxide which coats it and collect 
in a large globule. The molten, metal can be poured 
into a beaker. The oxide, carbonate, etc., remain in 
the flask. Before the sodium has time to solidify, 
the beaker is rotated slightly in order to break the large 
globule into several smaller ones of whatever size desired 
for the particular synthesis involved. The plastic 
metal may be broken up by a stirring rod into pieces of 
proper size if rotation is unsatisfactory. We have 
found it undesirable to attempt to filter the molten 
metal through wire gauze or glass wool. It may be 
siphoned directly from the flask into previously heated 
glass tubes if the purpose for which it is to be used de- 
mands this. Clean sodium may be secured safely and 
quickly by this method. The metal will tarnish less 
if preserved under toluene rather than kerosene as the 
toluene is purer and absorbs water less readily than 
kerosene. 





IRVING 
LANGMUIR 


KATHARINE B. BLODGETT 


Research Laboratory, General Electric Company, 


Schenectady, New York 


OYAL trumpeters sounded a fanfare in the 
Music Hall of Stockholm on the evening of 
December 10, 1932. Two American flags dipped 

in salute as Dr. Irving Langmuir came down the steps 
from the platform to receive the Nobel Prize in chemis- 
try from King Gustav V of Sweden. A moment later, 
returning to the platform where distinguished guests 
were seated, the American chemist took the place re- 
served for him among the Nobel laureates. Thus the 
Swedish Academy proclaimed to the world that science 
had weighed the achievements of Dr. Langmuir and had 
found them richly valuable. 

A smaller world, composed of the two or three 
hundred workers with whom Dr. Langmuir has been 
associated in his daily work, has also been appraising 
his worth for a number of years. Their appraisal has 
been of the sort that one gets from the immediate 
members of one’s family. The qualities of a great 
man soon become legendary to the world at large, 
but not to the workers in his own laboratory and 
office, and for fourteen years I have been hearing their 
verdict. His associates, many of whom are themselves 
inventors of foremost rank, say that ‘Langmuir is 
like none of the rest of us.’’ One needs to hear the 
tone of sincere admiration with which this phrase is 
spoken, however, to understand its full significance. 














A Sxr Party ON Buck MOvuNTAIN, LAKE GEORGE 


Dr. and Mrs. Langmuir are in the center of the picture. 





Dr. LANGMUIR EXAMINING DATA IN THE RESEARCH 
LABORATORY, NOVEMBER, 1932 


From the staff members who bring to Dr. Langmuir’s 
office the problems that nobody else can solve, to the 
librarian who has just cataloged his 145th published 
paper, the employees of the Research Laboratory agree 
that nobody else is like him. 

Dr. Langmuir’s older brother tells us! that “Irving 
owes his enthusiasm, freshness of outlook, and tre- 
mendous curiosity to his mother, and his surefootedness 
and common sense to his father.” Granted that genius 
must be born in men and women, the scientific genius 
of a Langmuir, as of anyone else, would yet go to grass 
if it were not cultivated by the most rigid mental 
discipline. Stern toward workers whose mental proc- 
esses are vague and whose theories are badly thought 
out, I fancy that Dr. Langmuir has always been far 
more stern toward himself. Few people are willing to 
take the trouble to train their minds as he has trained 
his. Few people are willing to acquire the scientific 
background that he possesses, which includes as much 
knowledge of physics as of chemistry, together with an 
expert facility in mathematics and a broad grasp of 
engineering. If he is impatient with other people 
because of their mental stodginess, I suspect it is be- 
cause he has never tolerated stodginess in his own 
mental faculties; just as he has learned to forego pan- 
cakes so that he may be a successful mountain-climber. 

Forty-six years ago Irving Langmuir was a little boy 
who was forever trying to find out how things worked. 
His older brother writes: 


1 Lancmurr, A. C., “My brother Irving,” Ind. Eng. Chem., 
News Ed., 10, 305 (1932). 
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I was a student of chemistry in 1887 and one of my first prepa- 
rations was chlorine gas, which fascinated me, and I gloried in 
its smell. Walking home one night I carried a 4-oz. stoppered 
bottle of the gas and offered it to Irving, aged six, to smell. 
In his enthusiasm for science he did not 
smell but inhaled the contents of the bottle 
and nearly strangled then and there. Fortu- 
nately pneumonia did not develop but my 
father closed down hard on any more chem- 
istry. Still, after a few years, chemistry 
gradually crept back, and Irving and I 
performed many an experiment, mostly of a 
spectacular variety. . 

Irving studied in some of the elementary 
schools of Paris while his parents were living 
there. About that time, in 1893, his mother, 
writing to an American friend, said: 

“Irving thinks exercise is of much more 
importance than his studies, and I guess it 
is just as well, for his brain is too active and 
I really think if he studied vigorously we 
could not send him to school. His brain is 
working like an engine all the time, and 
it is wonderful to hear him talk with Herbert 
on scientific subjects. Herbert says he fairly 
has to shun electricity for the child gets be- 
side himself with enthusiasm and shows 
such intelligence on the subject that it fairly 
scares him.” 

When he could not find Herbert, Irving would back his 8-year- 
old brother Dean into a corner and talk science to him until he 
cried for help. 


In a recent paper? Dr. Irving Langmuir wrote: 


The importance of arousing even a young boy’s interest in 
independent work can hardly be overemphasized. My real 
interest in science was derived from my brother Arthur, who en- 
couraged me to have a workshop at the age of nine, and later a 
laboratory when I was only twelve. Until I was fourteen I al- 
ways hated school and did poorly at it. At a small boarding 
school in the suburbs of Paris, however, being an American and 
having a friend who was influential with the head of the school, 
I was freed from much of the absurdly rigorous discipline to which 


2 LaNomulIR, I., Ind. Eng. Chem., 20, 332 (1928). 
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the French boys were subjected. Thus I could spend time alone 
in the school laboratory and was encouraged by one of the 
teachers to learn to use logarithms and solve problems in trigo- 
nometry, subjects not required by the curriculum. 

I have been fortunate in having many 
wonderful teachers. Prof. R. S. Woodward, 
at Columbia, in connection with his courses 
in mechanics, was extremely stimulating and 
encouraged me to choose and solve my own 
problems for class work instead of those re- 
quired in the regular course. I should like 
to see spontaneous work of this kind take a 
much more prominent part in our educational 
system. 


The events of his student years are 
described vividly by his brother in the 
article from which I have already 
quoted. In 1899 he entered Columbia 
from Pratt Institute in Brooklyn, 
choosing the courses in metallurgy so 
that he might get an adequate train- 
ing in mathematics, not obtainable at 
that time in the chemical course. After 
graduating from Columbia in 1903 
_ with the degree of metallurgical engi- 
neer, he spent the following three years as a student with 
Professor Nernst in Germany. 

Professor Nernst received the Nobel Prize in chemis- 
try himself in 1920, so when Dr. Langmuir met his old 
professor in Berlin a few weeks ago one wonders which of 
them contrived to pay the more graceful compliment to 
the other. I venture a guess that the German’s super- 
latives may have been more elaborate than his pupil's, 
for Dr. Langmuir never attempts what the English 
school-boy calls “‘ladling out the treacle.’’ An ardent 
admirer of greatness in other people, his praise is dis- 
cerning and wholly without personal bias, is always 
simply spoken, and is apt to be contained in one 
sentence. The laboratory worker who wins from him 
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just the two words, ‘‘Very fine,’’ has won 
a compliment greatly to be prized. 
Among the letters of congratulation 
that have come to Dr. Langmuir from 
German friends of his student days, 
there have been as many written by old 
skiing friends as by chemists. One of 
them writes, ‘‘I remember that you made 
the almost unbelievable day’s trip on 
foot from Géttingen over the Brocken 
to Andreasberg, and arrived late in the 
evening at our hotel.’’ That was a 52- 
mile walk! Another writes, “Do you 
remember that we slept together in a 
hut one horribly cold night on a skiing 
trip?’ To this day, when Dr. Lang- 
muir is worn out with overwork on the 
120th, or 130th, or 140th paper that he 
has been writing, he and Mrs. Langmuir 
pack up their skiing togs, take their 
skis, and start off in gay mood for the 
nearest snow. In recent years they 
have climbed the highest peaks of the 
Adirondacks and the White Mountains 
in the dead of winter, and have taken 
cross-country trips in Canada so ambitious that it would 
make other people’s legs ache just to picture the 
distance. Asked one night by Colonel Lindbergh which 
he liked the better, flying or skiing, Dr. Langmuir 


caused the other dinner guests to gasp by the prompt 











Dr. LANGMUIR SHOWING His NEPHEWS, DAVID AND 
ROBERT LANGMUIR, THE USE OF A SLIDE-RULE 


Dr. Langmuir organized the first troop of Boy Scouts 
in Schenectady. 


frankness of his reply “Skiing.”’ Since Dr. Langmuir 
owns his own plane which he pilots himself and enjoys 
hugely, it remains for Colonel Lindbergh to climb Mt. 
Marcy on skis with him before they can settle the 
question between them. 
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Dr. LANGMUIR ON THE LAWN OF His HOME IN SCHENECTADY 


While Dr. and Mrs. Langmuir and their two children, 
Kenneth and Barbara, were spending the Christmas 
holidays in Switzerland, it seemed strange to their 
friends at home to see their house empty at Christmas 
time. Their house, large as it is, is barely large enough 
at Christmas when people in a town like to gather in the 
homes where they find the warmest welcome. Fragrant 
with Christmas greens fastened in every nook and 
corner, with games at the dining-room table and more 
games in the living room, with a German Baumkuchen 
of vast proportions, with homemade Christmas toys and 
decorations made by Mrs. Langmuir’s ingenious fingers, 
with Dr. Langmuir as absorbed in the games as a small 
boy and keeping every one ‘‘on the go,’’ Christmas is 
really Christmas at their 
house. 

In summer time the 
same hospitality reigns 
at their camps at Lake 
George. Indeed Dr. 
Langmuir, who is his 
own carpenter at Lake 
George, whenever time 
permits, had to spend a 
week-end last summer 
making a new dining- 
table for the porch, ever 
so much larger than the 
old table, so that it would 
be large enough for all 
the guests at their week-: 
end parties. In the 
spring, after the ice has 
left the lake, the family 
move from their snug 


Dr. LANGMUIR AND His 
DAUGHTER BARBARA 
IN 1921 
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winter camp on the mainland to spend their summer 
week-ends and vacation in their camp on an island. 
There on hot Saturday afternoons one can see the 
Langmuir motor-boat, the “‘Penguin,’”’ out on the lake 
while the family and their guests take turns at riding 
the aquaplane towed behind the boat. In the fall their 
shouts can be heard on the wooded slopes of the 
mountain where they are cutting ski-trails for the 
winter’s sports. In winter there is no weather too 
cold for their skate-sailing and ski-trips—and always 
“Father” is the moving spirit behind the outdoor ad- 
ventures. 

Dr. Langmuir is fond of hobbies, and believes that 
each person shoyld have several of them. He says of 
himself, ‘Perhaps my most deeply rooted hobby is to 
understand the mechanism of simple and familiar 
natural phenomena.’’ Newcomers at Lake George who 
do not know him often feel that they should investigate 
when they see the “‘Penguin,’’ with one lone occupant, 
remaining in the same spot on the lake for hour after 
hour on a windy day. As they draw near and see Dr. 
Langmuir sitting contentedly with “funny little rags” 
tied to long strings that float on the water, and not, 
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as they had supposed, in despair over engine trouble, 
they steer their own boats off in another direction and 
go away even more mystified than they came. 

The clue to the mystery is that for years Dr. Lang- 
muir has been intensely interested in making a study, 
in summer, of the relationships between wind velocities, 
waves and currents, and in winter of the phenomena 
connected with the formation and the disappearance of 
ice in the lake. Ata dinner given in his honor at The 
Chemists’ Club in New York on the evening of his 
departure for Sweden, his brother said: 


Last October I was with Irving in a motor-boat on Lake George 
and I noticed that he was timing the waves with a stop watch. 
He said that he thought he had worked out the most accurate 
and convenient method for the determination of wave-lengths and 
wave-heights and had developed a formula which would indicate 
the height of a wave if you determined the time interval between 
two successive white caps. By this method one could find the 
height of waves seen through field glasses a mile away. 

He is leaving us this midnight on the Bremen en route for 
Stockholm. Let us wish him a rough trip, for both Irving and 
his wife are good sailors. I am quite sure you will find him to- 
morrow on the bridge, stop watch in hand, following the course 
of the great waves of the Atlantic. 
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An Economic Appraisal of the Chemist's Career 
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If mass production is a mistake; if technological un- 
employment is to become chronic; if we have perfected a 
manufacturing technic only to be drowned in a flood of 
goods we cannot consume; what then will chemical training 
avail a young man who must earn his way in the world 
during the next ten years? These disquieting questions 
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OUNG men are not dismayed by prophecies of 

doom. Their self-confidence discounts the fu- 

ture; but at a time when they know that, 
through no fault or failure of their own, the doors of 
employment are shut tight and cannot be opened by 
any effort of theirs, the natural optimism of youth is 
overshadowed by an uneasy skepticism. The thought 
that our business system has been smothered under a 
flood of goods, produced by machines we cannot con- 
trol, prompts the query whether technical training is 
today the personal asset they had been led to believe 
it would be. 
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worry our students. Yet the chemicalization of many 
industries 1s a fact, the economic consequences of which 
are realistically estimated in this article. Wider opportuni- 
ties for chemist and engineer will demand of them a better 
commercial understanding not only of industrial chemis- 
try, but also of chemical economics. 


++ + 


If mass production is a mistake; if research destroys 
values more quickly than it creates new wealth; if 
technological unemployment is to become chronic; 
if some form of planned economy akin to socialism is 
inevitable—and these doubts are raised on all sides 
today—is it remarkable that students, who know they 
must make their way in the workaday world, should be 
wondering what place there will be for chemists? At 
two of our large universities, where I recently lectured 
on certain phases of chemical economics, the questions 
asked by students showed plainly that many of them 
are deeply concerned with this personal problem. 
They are not willing cheerfully to accept general 
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statements to the effect that the chemical industry’s 
future is bright with promise of greater opportunities 
for chemists and chemical engineers. They are as 
curious as a cautious bond buyer; and rightly so, 
for they are investing their time and pledging their 
future. 

Upon what basis then do the leaders of our chemical 
industry so confidently expect its expansion? Are 
their expectations reasonable, and if fulfilled, what will 
be the effect upon business in general and upon the 
careers in particular of chemically trained technicians? 

Machine production is an economic force of sufficient 
power to move our social and political foundations; 
but the dismal prophets overlook a new factor in our 
industrial economy. Chemical production has been 
increasing prodigiously since 1920, while since 1909 the 
rate of increase in the use of mechanical energy in 
manufacturing has positively been declining. We are 
plainly in a transition period and, at such a time, it is 
extremely pertinent to remember that our economic 
system, that any economic system, is a natural develop- 
ment. Economic change is inexorable, relentless; and 
while its tempo has been greatly quickened during the 
twentieth century, its force and its direction have not 
changed throughout recorded history. 

Every economic system is predicated upon two basic 
conditions. The first of these is human nature, since 
human wants are the dynamic force that drives the eco- 
nomic machine under the governance of human hopes 
and human fears. The second, to borrow a phrase 
from patent law practice, is ‘‘the state of the art,” 
the art in this case being the sum total of all ways and 
means, both physical and social, which man has at his 
command to make his life on this earth more safe, more 
comfortable, more enjoyable. 

The ‘economic man’’ is not the good old Robinson 
Crusoe with neatly docketed desires and dislikes which 
the classical economists pictured. But we know his 
dominant motives and how he will react under given 
conditions. Under the J/aissez-faire system of eco- 
nomics, for example, we know that there are very great 
stimuli to creative invention and to the production and 
distribution of all sorts of goods; and it is a common- 
place criticism of any controlled system of economics 
that these incentives to progress must be to a greater 
or lesser extent removed. But more than this, our 
present system has developed not only out of the 
physical conditions created by the application of power 
to tools, but also out of the long social struggle for 
economic liberty. As Wesley C. Mitchell has pointed 
out: 


That men like making and spending money as a way of organiz- 
ing economic activity on the whole better than any other system 
they have yet practiced on a large scale, is indicated by history... 
The business economy grew out of the preferences of millions of 
men in successive generations in all quarters of the world. The 
medieval king and his tenants, the lord of the manor and his 
serfs, seem all to have gained by substituting monetary payments 
for the rendering of personal services. No one forced the house- 
wife to give up making her own bread and her candles; no one 
forced the frontiersman to buy clothing in place of dressing in 
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buckskin. It was because they preferred the new way of pro- 
viding for their wants when the opportunity to choose was pre- 
sented, that consumers patronized the retail shop selling factory 
products..... But broadly speaking, it seems clear that this 
feature of culture could have attained such general acceptance by 
the most advanced peoples of the world after so thorough a trial 
only because it seemed to meet their needs more adequately than 
the other forms of economic organization with which they have 
had experience. 


Accordingly, we must not fail to reckon with human 
nature, nor to realize that this important influence 
upon economic development is subject to but slight 
control and can be changed but little. 

The situation is quite different, however, when we 
consider “‘the state of the art.’ Here the salient char- 
acteristics are great and rapid change and the con- 
stantly increasing control which man is able to exert. 
These are the very conditions which fate the chemical 
industry to be the dominating industry of the future. 
After the mechanical revolution of the past century, 
the logical sequence of scientific discovery foreshadows 
the chemical revolution. Indeed, it is already upon us. 

The distinguishing feature of the mechanical phase of 
the Industrial Revolution was its employment of power. 
The coming chemical phase of industrialism is natu- 
rally characterized by the substitution of chemical for 
mechanical operations. 

Already the humming wheels of the machine age are 
slowing down. The rate of increase in the use of power 
during the past half century has lost much of its initial 
momentum. In 1790, when the first effects of the 
Industrial Revolution were just felt in America, the 
sole source of industrial power was the water wheel 
generating from fifteen to thirty horsepower. It has 
been estimated that at that time from 3500 such mills 
the horsepower used by the 4,000,000 population was 
about 70,000. In 1870, the total mechanical horse- 
power employed in our factories, mines, and for trans- 
portation was nearly 7,000,000, or one hundred times as 
much, for a population of 38,000,000 or ten times as 
great. In other words, the use of mechanical energy 
per person had increased ten times. Since 1870, the 
horsepower consumed per person has increased only 5.6 
times. 

Analyzing the rate of increase during the past sixty 
years, we find that it has been steadily declining and 
that the peak came as far back as 1909. The increase 
from 1869 to 1889 was 54 per cent.; from 1889 to 1899, 
it was 39 per cent.; to 1909 it was 53 per cent.; to 
1919, it was 37 per cent.; and to 1929, it was 25 per 
cent. These figures, taken in conjunction with the 
fact that between 1920 and 1930 there was an actual 
gain of 1,280,000 workers in our manufacturing indus- 
tries, ought to prove a sensible counterbalance to tall 
statistics purporting to show that our “units of energy 
consumption” are increasing in astronomical ratios 
and that technological unemployment threatens us with 
a pauper labor ciass. 

On the other hand, the importance of chemicals in 
industry, measured by whatever yardstick, has been 

rapidly increasing. From 1914 to 1927, the horse- 
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power consumed in all industries increased from 22 to 
38 millions, while in the chemical industry the gain was 
992,703 to 1,840,049, or nearly double the national all- 
industry average. The dollar value of the products of 
all industries over these same years grew from 34 billions 
to 62 billions. The value of American chemical prod- 
ucts in 1914 was $1,299,085,000; in 1929, $3,315,228,- 
000. In other words, both the energy used and the 
goods produced in our chemical industries has multi- 
plied by three while these same figures for all industry 
have only doubled. 

Almost all of this vast chemical output is consumed as 
raw materials in other industries. Evidently ‘‘the state 
of the art’ in chemical processes is increasing at a 
rate nearly twice as fast as extensions in the use of 
mechanical energy. Even energy production itself may 
become a chemical operation, for every brilliant dis- 
covery in the sub-atomic field of physical chemistry 
brings us closer to the possibility of some day harnessing 
the stupendous and inexhaustible energy of the atoms. 
In one pound of uranium there is stored atomic energy 
equivalent to 320,000 pounds of anthracite coal; or, 
such resources failing, there is the possibility that we 
may some day unlock the secret of photosynthesis. We 
might then apply the energy of the sun, which is de- 
livered at the rate of six B.t.u. per minute, per square 
foot of sunlit surface. Chemical factories like green- 
houses, with great glass chimneys and glass retorts, 
which Umberto Pomilio prophesied at the Williamstown 
Chemical Conference in 1926, may not be so fantastic a 
dream as they seemed at the time. 

But leaving aside these engaging possibilities, and 
standing firm upon the actualities of present accom- 
plishment, the development of all kinds of chemical 
operations in industry has today reached the point 
where now none of our factories can operate without 
chemicals. Agriculture is just as dependent upon fer- 
tilizers and insecticides. Transportation, warfare, 
medicine, even the arts, must each have its essential 
chemical supplies. 

Exact chemical knowledge has not only given com- 
mand over many operations previously carried on by 
mechanical methods; but it has also provided a wealth 
of new chemical raw materials. Of these, in the near 
future, the new light-metal alloys and the various syn- 
thetic plastics will in many directions revolutionize not 
only the industries of the country, but the living condi- 
tions of our people. As the Industrial Revolution 
opened up such vast resources for production, so the 
Chemical Revolution will make possible a greater and a 
broader consumption which will enable us to transcend 
splendidly the progress of the past century. 

Already it is possible to foresee some of the economic 
effects of a more thorough chemicalization of industry. 
The results appear to be constructive. We do not 
have to speculate, for example, upon such fundamental 
facts as lower costs, conservation of land and raw 
materials, and a rapid rate of technological progress 
which means on the one side a higher obsolescence and 
on the other the creation of new industries. 
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The Chemical Revolution will lower costs. Chemical 
process and synthetic product both win their way to 
commercial use first and foremost upon this basis. 
Not only is it the constant endeavor of industrial 
chemical research to make use of the commonest and 
most available raw materials; but the chemically 
produced product tends always to become the lower in 
price, the higher its consumption goes. The chemical 
and the natural materials used in manufacturing thus 
differ markedly. Since to lower the cost of goods is a 
potent and thoroughly practical way of increasing the 
purchasing power of the consumer, chemistry will make 
important contributions to what we recognize as one of 
the great, unsolved problems of tomorrow. 

Until the present, the impact of chemical progress has 
been felt most strongly upon raw materials. Dyes, 
Chile saltpeter, camphor, perfumes, many flavors, some 
fats, the varnish gums, and natural resins can all be re- 
placed as industrial commodities by their chemically 
produced rivals. Tin, tungsten, and platinum are 
three metals that would have proved wholly inade- 
quate, if chemistry had not made certain substitutes 
available for several of their uses. 

In the future, some of our most important natural 
commodities are certain to be considered more and 
more as chemical processing materials. The eco- 
nomic crime of burning as fuel a ton of coal that costs 
$5.00 and which after processing in a by-product oven 
produces coke worth $4.50 and by-products worth 
$3.50 should evoke the derisive laughter of our grand- 
children. Our wasteful employment of the storehouse 
of chemical materials in crude petroleum and natural 
gas will also evoke their mockery. 

Even farm crops seem destined to become in a 
measure chemical raw materials, and Dr. William J. 
Hale in his stimulating little book ‘Chemistry Tri- 
umphant”’ declares that even today with alpha-cellulose 
from wood available at 4 cents a pound, the price of 
cotton can never rise far above this modest figure. In 
the same vein he says, ‘“‘Corn might well be worth $1.00 
per bushel, if one desired the sum total of all its com- 
ponents associated in just those exact proportions as 
nature has built up in the corn kernel. But as the 
world advances chemically, man learns better and 
better how to prepare these several components and, of 
course, at lower and lower costs.’’ With the equivalent 
of corn oil worth 5 cents a pound, starch from cassava 
worth 1 cent, and crude gluten cake worth 1/, cent, he 
calculates that a bushel of corn containing 1.4 pounds of 
oil, 30 pounds of starch, and 23 pounds of gluten is 
chemically worth 42.7 cents a bushel. He frankly 
states his belief that some day, and not in the distant 
future, these chemical values will eventually control 
many agricultural prices and advises the farmers to 
prepare to meet chemical costs and by the use of 
fertilizers produce surpluses available for industrial 
processing in chemical factories. 

In another way, the chemical industry has already 
directly affected the agricultural economics of the world. 
Coal-tar dyes have released over one million of acres of 
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land formerly devoted to growing madder and indigo, 
and if, on the opposite side of the ledger, starch, sugar, 
and cellulose are to become important industrial mate- 
rials, the effects may be revolutionary upon the age-old 
problems of farm production. 

Finally, the very rapid rate of change in ‘‘the state of 
the art” of chemical industry will demand revision of 
several old, favorite economic concepts. Chemical 
manufacturing is unique in that it constantly faces com- 
petition from both new products and new processes. 
This greatly increases the risks of chemical investment. 
It also very greatly raises the rate of obsolescence. The 
result of these different conditions is that the wise 
chemical manufacturer continually carries on research 
both for improvements in his plant technic, and for new 
products or at least to find new uses for his old products. 
Furthermore, he has the strongest incentive to translate 
improvements very promptly into plant operation. 
Accordingly, there is always the greatest stimulus to 
chemical advancement. 

In many chemical operations, the deterioration of 
plant equipment is exorbitant compared with the fabri- 
cating processes. This is increasingly true as higher 
temperatures and greater pressures are engaged in 
chemical operations. As chemical processes are used 
more and more widely in all industries, we may expect, 
therefore, an acceleration of plant construction and 
apparatus replacement; higher allowance for obsoles- 
cence and plant depreciation; greater investments in 
research; many improvements in established products 
and the development of all sorts of new products. 
Progress under a chemical régime will be ever swifter and 
greater than it has been during the era of machinery. 

Over a wide area of our economic activity these 
chemical influences will be obviously beneficial. 
Cheaper goods, more goods, new goods—all three tend 
not only to keep the wheels of industry turning, but 
also to make more work, to create new wealth, to dis- 
tribute purchasing power more broadly. From the 
more narrow point of view of the chemical industry it- 
self, the chemical future can only mean more research; 
the development of new chemical raw materials for 
other industries; the perfection of the continuous and 
automatic process, and the better use of the cheapest 
raw materials in order that chemical prices may be con- 
tinually brought down. The outlook is for a vastly 
increased market for all chemicals. 

All these signs and portents indicate plainly that as 
the market for chemicals widens, and the employment of 
chemical processes throughout all industries becomes 
more common, the opportunities for the man technically 
trained in chemistry are correspondingly greater. But 
the economic tendencies which we have reviewed in- 
dicate also some changes in the attitude of the indus- 
trialist toward chemicals and chemists. Although it 
seems a Ripleyesque statement, nevertheless it is true 
that the business executive in chemical fields is sold on 
research. In fact, as Dr. B. T. Brooks! has pointed 


1 Brooks, B. T., ‘‘Ballyhoo and research,’’ Chem. Markets, 
31, 119 (Aug., 1932). 
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out, the propaganda for research has in certain instances 
oversold him. But his attitude today is more realistic 
than it has been in the past. Research may not be so 
popular as a fashionable bit of “‘window-dressing”’ but 
it will assuredly be more practical and upon a sounder 
foundation. The extension of automatic control and 
continuous operations in all sorts of chemical processes 
means fewer laborers and more technicians. The fab- 
rication and formulation of synthetic chemical raw 
materials in all sorts of industrial operations are certain 
to create new demands for chemically trained superin- 
tendence of operations that in the past have been 
governed by rule-of-thumb. New chemical products, 
new chemical uses, entirely new industries of a chemical 
character, all open up fresh and broader opportunities 
for chemists and chemical engineers. 

These are patent facts, but it is equally clear that the 
severe economic pressure upon prices and competition 
will demand of the chemical technician a more thorough 
understanding of business conditions, of prices and 
markets, of supply and demand, of commercial ap- 
plications, and distribution methods. It has been the 
common complaint of executives that even in the past 
chemists have too frequently lacked a comprehension 
of commercial problems. In the future the demand 
for business sense combined with technical knowledge 
will be even keener. Possibly there is here a gap in 
our chemical training. To expect the great technician 
to be a financial genius is no whit more unreasonable 
than to demand that the financier be an expert research 
worker; nevertheless, a working knowledge of the 
fundamentals of chemical economics is certainly not 
beyond the grasp of the average student. It is knowl- 
edge that will give him, as a student, a broader interest 
in chemistry, and later a more sympathetic under- 
standing of the industrial problems surrounding chemi- 
cal production. 


PHOSPHINE FOR DEMONSTRATIONS 
HOWARD M. TEETER 
Peoria Central High School, Peoria, Illinois 


A METHOD of generating phosphine for demon- 
strations is suggested by the fact that calcium phos- 
phide reacts with water to produce phosphine. 

A large hydrometer jar and an ordinary glass filter 
funnel constitute the necessary apparatus. In use, 
the jar is filled with water to such a height that, when 
the funnel is inverted in the jar, the water-level is 
about one-half inch above the end of the funnel tube. 
Lump calcium phosphide must be used. A large lump 
of phosphide is selected, and immediately after the 
phosphide is dropped into the water, the funnel is 
placed over it. Phosphine evolves rapidly and rises, 
and, as it comes to the surface, ignites, forming excel- 
lent vortex rings. The funnel tube serves to collect 
the phosphine into large bubbles and to guide it to 
the surface. With experimentation, an instructor can 
adjust the apparatus to suit individual circumstances. 
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SYMPOSIUM on 


LABORATORY NOTEBOOKS, 
RECORDS, and REPORTS’ 


1. In the Secondary School 


WILHELM SEGERBLOM 


Phillips Exeter Academy, Exeter, New Hampshire 


A recent investigation of the function of the laboratory 
and a more recent symposium on student notebooks reveal 
that about two-fifths of the teachers use a bound blank note- 
book for writing complete records, one-fifth use loose-leaf 
notebooks, about two-fifths use special kinds of notebooks, 
inclusion of textbook material is not encouraged, record is 
usually written in the laboratory and inspected by the 
teacher, and the notebook is considered a record of the 
actual experimental work of the student. 
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UR symposium implies the two premises that 

(1) laboratory work is an essential part of in- 

struction in chemistry and (2) laboratory work, 

to be of real value, should be recorded in some more or 

less permanent form. This form, be it notebook, re- 
cord, or report is the result. 

The record of laboratory work naturally varies with 

the type of school, and its exact form depends upon a 

number of factors, among which might be mentioned: 


(1) the use to which the record is to be put; 

(2) the time available for its preparation; 

(3) working conditions in the individual schools; 

(4) the textbook requirements of the school system; 

(5) the training and mental preferences of the 
teacher; and 

(6) the equipment of the laboratory with respect 
to apparatus and chemicals. 


It is evident, therefore, (1) that notebooks may vary 
greatly, (2) that two radically different types may be 
equally serviceable under different conditions, and 
(3) that it is clearly impossible and unfair to say that a 
certain type of notebook or record is exclusively superior 
to all other kinds. 

To clarify the situation it might be wise (1) to enu- 
merate some of the types most in use, (2) to determine 
the extent to which each is used, and (3) to consider 
the good and bad features of each kind. 

In this clarifying we are helped by the results of a 
recent investigation along this line conducted largely, 
but not exclusively, in the New England states. 


* Presented before the Division of Chemical Education at 
Washington, D. C., March 29, 1933. 


The data were obtained from about one hundred 
schools, including public and private, large city and 
small country high schools, classical, technical, voca- 
tional, and denominational schools. This gave a good 
cross-section of the chemistry-teaching field. 

About two-fifths of the teachers require their students 
to use a bound blank notebook in which they write 
complete records of the experiments in their own words 
and in essay type. 

About one-fifth use loose-leaf notebooks or alter- 
nate blank-page manuals, usually with printed para- 
graph headings, the paragraphs to be written in full, 
though some prefer blank spaces to be filled in with very 
brief answers. 

About two-fifths use a special kind of notebook. 
Kinds mentioned included: (1) composition paper 
punched after the record is written, (2) separate sheets 
for daily reports, (3) optional with the student, (4) 
loose-leaf with printed directions, (5) loose-leaf with 
directions partly printed and partly dictated, (6) loose- 
leaf with all directions copied by the student, (7) loose- 
leaf with mimeographed directions, and (8) loose-leaf 
with printed directions and with interleaved blank 
sheets. 

The majority of the teachers required a rather full 
and complete record of the experiment consisting of 
brief answers in the form of complete sentences. A 
formal literary production was not looked upon with 
favor. The type of notebook which requires only the 
writing in of a word, a formula, or an equation was 
emphatically out of favor. 

The inclusion of material not gained from the experi- 
ment but culled from the textbook was, in general, 
not encouraged. As one teacher put it, ‘“The labora- 
tory notebook should contain a record of what the 
student did in the laboratory and what he concluded 
therefrom.”’ 

The main purpose of the report or record is, then, 
not to verify the statements in the text but ‘‘to have a 
record for further study’ and ‘‘to make the pupil 
think clearly what he is doing, to make him crystallize 
his thought to help him remember what he has done, 
and to show him the value of a permanent, complete, 
and accurate record.”’ 
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When students are guided by paragraph headings, 
these usually include materials used, description of pro- 
cedure, observations or results, and conclusion. 

About two-thirds of the teachers require that the 
report be written in the laboratory. The time of 
handing in the report varies from each period to once 
in four or six weeks, but the majority require the reports 
within two days of the time the experiment is per- 
formed. 

The report of the experiment is inspected by the head 
chemistry teacher or the teacher under whom the work 
was done, in over three-quarters of the cases. Except 
in those cases where the instructor inspects the note- 
book on the spot during the period the time required 
for inspecting 25 records varied from 15 to 200 minutes. 
In the majority of cases the students are required to 
make the necessary corrections and then check up to 
see that the corrections have been made. 

The reports of the experiments are discussed in class 
by about three-quarters of the teachers. The same 
proportion give a grade in the laboratory work, though 
this is determined in a variety of ways. 

This part of my paper may well be concluded with 
the following quotation: 


The teacher is often so much overwhelmed with detailed cor- 
rections of notebooks and keeping a detailed book system of 
grading as to create a tendency in the student’s mind to think 
more of grades, treating the course as a sort of checker game to 
get into the king row of the high grade and to hinder the vitality, 
inspiration, and spontaneity of the teacher. A teacher should 
be in fine condition for the personal touch, and the student not 
fearful of grades. Too much grading is often the weapon of a 
poor teacher. 


The great object of the laboratory course is to train the student 
to think in the domain of chemistry. Simply performing an 
experiment is only a meanstothisend. The results of the experi- 
ment should be discussed to see that the student is really using 
his mind and learning to think and to draw correct conclusions. 


In order to avoid the danger of this investigation 
being too much a local expression of opinion, several 
representative teachers in the Atlantic and Central 
states were asked to furnish data similar to those al- 
ready discussed. Since there was no significant dis- 
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crepancy between the replies of the two groups, the 
expression of New England opinion as given above may 
be considered as fairly indicative of opinion from the 
country at large. 

Although this investigation was made about nine 
years ago, it is of interest to note that at the meeting of 
the New England Association of Chemistry Teachers 
last December a symposium on ‘Student Notebooks 
and Records” was conducted and the opinions expressed 
therein were essentially identical with those obtained in 
the previous investigation. The personnel of the 
symposium was entirely different from that of the in- 
vestigation so it expressed an independent point of 
view. One might conclude, therefore, that opinion is 
fairly well crystallized on the subject of notebooks and 
records. The symposium emphasized two points: 
(1) much is gained by inspecting the records at the time 
the experiment is done while the matter is warm in the 
mind of the student and (2) training students to fill in 
definite forms tends to make them helpless when re- 
quired to make a record which shall be a serviceable 
tool in their further study of chemistry. 

Since effect follows cause, let me in closing refer 
briefly to the laboratory manual, of which the labora- 
tory notebook or record may be considered the out- 
come. The fact that about thirty per cent. of the 
teachers taking part in the investigation I have referred 
to at some length used their own notes in preference to 
over a dozen printed laboratory manuals listed, shows 
that a large number of teachers are dissatisfied with the 
manuals on the market and are trying to adapt their 
work to the needs of their pupils. 

May I leave these two questions with you? (1) 
Will an improved type of laboratory manual bring 
about an improved and more generally adopted type 
of laboratory notebook record? (2) Is the new type 
of chemistry workbook which combines (a) directions 
for laboratory experiments, (6) questions and problems 
usually found at the ends of chapters in the text, (c) 
drill exercises to fix in mind the points already learned, 
and (d) devices for helping the student correlate his 
ideas, destined to help solve this ever-present question 
of laboratory notebooks, records, and reports? 


2. In the College 


B. S. HOPKINS 


University of Illinois, Urbana, Illinois 


The student's written record of his laboratory experi- 
ences forms an important part of his work in chemical 
education. There are advantages and disadvantages in 
the various types of notebooks and choice should depend 
upon circumstances, aims, and the preferences of the 
instructor. Whatever the form selected, provision should 


be made for drill in self-expression. Various problems 
arise: How much descriptive matter should the student 
be required to give? Are drawings essential? Should 
complete sentences be required or are one-word answers 
to questions sufficient? When should the student make 
his written record? Should temporary records be en- 





i wa~= =—sO~ | 


"AO oO OPS ms wDHpD Tn = 


Juty, 1933 


couraged or permitted? Is neatness essential? What 
value is there in special reports? When should the in- 
structor inspect the notebook? Should unsatisfactory 
work be repeated? What portion of the semester's grade 
should be derived from the notebook? 


+++ 


HE preparation of a suitable written record is an 

important part of a student’s training in the 

study of chemistry. This statement applies with 
equal force whether he is taught by the method of indi- 
vidual laboratory instruction or by the process of 
demonstrations and explanations. The ability to see 
what happens, to observe changes, and then to describe 
his observations briefly, clearly and intelligently, con- 
stitutes a major portion of the task in chemical educa- 
tion. These processes are especially important to stu- 
dents of college age because they are assumed to have 
a greater maturity than can be expected in preparatory 
school. College students should realize that they are 
preparing themselves for the serious business of living 
and earning a living. There are few habits which will 
be of greater value, no matter where their lot may be 
cast, than those involving accurate observation, sensible 
interpretation, and logical conclusion, together with the 
ability to record these steps concisely, accurately, and 
in correct English. To omit these processes or any 
portion of them leaves a void which will, in considerable 
measure, defeat the purposes of chemical education, 
turn laboratory work into busy work, and convert a 
well-selected series of experiments into a succession of 
“stunts’’ whose educational value decreases rapidly as 
the semester advances. 

It is perfectly obvious that a uniform system of note- 
books which is to be required under all circumstances 
and conditions is not desirable. The requirements 
must be adjusted in accordance with the interest and 
ability of the student, the purpose of the curriculum 
he is following, the conditions under which he works, 
and the tastes and ideals of his instructor. It would 
be the height of pedantry for a group of this sort to 
attempt to agree upon any notebook system with the 
purpose of proclaiming it as the plan which is superior to 
all others in all places and under all circumstances. It 
would be infinitely worse for any individual to insist 
that his views are supreme and that other ideas occupy 
a lower level on the educational scale. Under these 
conditions all that the present author can hope to ac- 
complish is to call attention to some general principles 
which he believes to be important, to describe some 
practices which experience has shown to have educa- 
tional value, and to hope that teachers of chemistry 
will adapt to their own conditions any observation 
which may seem to be useful. 

It is fortunate that there are many styles of notebooks 
available for those who are entrusted with the task of 
selecting a suitable type for class use. For present 
convenience they may be grouped into two classes: 
A, the “‘fill-in” type, which has the form of record fully 
outlined but with certain key words, phrases, and the 
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The teacher answers these questions by the conduct of 
his course. He should be prepared to justify his answers 
before his students, his colleagues, the administrative 
officers of his institution, the patrons of his school, and 
the demands of an advancing civilization. 


++ + 


quantitative data to be supplied by the student; B, 
the ‘plain page’’ type, in which the student is left 
entirely to his own resources in tabulating the written 
record of his laboratory experiences. Either of these 
types may utilize the loose-leaf plan or have a perma- 
nently bound book. Both types have advantages, and 
disadvantages. 

If a student is furnished a notebook which has a 
definite format for his record, it is not necessary for 
him to lose much time in determining what is expected 
of him. As a consequence his task becomes relatively 
simple and he should be able to carry out his experimen- 
tal observations with a distinct purpose in mind. Asa 
result he does a definite thing and does it with a mini- 
mum loss of time. When this type of record comes to 
the instructor for his approval he knows what to look 
for and where, on each page, his attention is required. 
He also is able to work quickly and accurately, while at 
the same time he obtains a clear measure of the skill, 
accuracy, and understanding of each student in his 
class. There is much to be said in favor of notebooks 
of this type. 

If student records are made in notebooks of this 
style, there are certain weaknesses which the instructor 
must guard against, in order to reach maximum ef- 
ficiency in his teaching. First, there is a tendency to 
make the work mechanical both for the student and 
the instructor. It is doubtful if the process of filling 
in the key words in the proper places makes as lasting 
an impression on the student’s mind as would be ac- 
complished if a more complete record were required. 
There is some danger of hurried, superficial work. 
The student receives little or no training in the forma- 
tion of sentences and paragraphs, in expressing his own 
individuality by his written record, or in developing his 
ability to tabulate his data in a useful and convenient 
form. There is difficulty in varyifig the list of experi- 
ments from year to year by introducing optional pro- 
cedures or by inserting extra experiments from outside 
sources. These difficulties are not serious and their 
effects may be avoided easily if the instructor is alert 
to the need and the opportunity. 

When a student is asked to record his results upon 
a plain page, he frequently finds it difficult to under- 
stand just what is expected of him. He may waste 
much time in copying the instructions from his manual 
or he may make his entry so brief and general as to be 
worthless. Being uncertain of his best procedure he 
may neglect note-taking entirely or postpone the 
“writing up’’ process until a later time. If he gets 
behind his classmates in his experimental work he al- 
most invariably considers the notebook as the least 
vital part of his work and accordingly adopts the vicious 
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expedient of rushing through the fort of experimenta- 
tion and writing up his work in his evening hours or 
during some week-end which perchance may not be 
filled with more attractive activities. 

On the other hand, the student who is left somewhat 
to his own resources in the formulation of his notebook 
record must study his experimental assignment in 
order to be sure that he understands its fundamentally 
important parts. He must comprehend his assign- 
ment sufficiently to select its vital portions and to see 
the relationship between the various steps in the ex- 
periment. He must learn to interpret his results, to 
formulate his findings in concise and accurate language, 
and to express what he has learned in good, English 
form. He must devise his own method of tabulating 
his data and draw his own conclusions. If he follows 
these processes conscientiously he will learn more 
chemistry and certainly he will become more truly an 
educated person than would be likely if the process 
of notebook making were simplified for him by relieving 
him of all obligation except the writing of here and 
there a word or phrase on an otherwise completed page. 

It is easily seen that this procedure must depend for 
its success upon the earnestness and sincerity of the 
mature student. Not all college students of chemistry 
are able at first to meet this rather rigorous demand. 
Under these circumstances it is both the duty and the 
privilege of the instructor to give very definite help 
in order that the student may comprehend what is ex- 
pected of him. If he is seriously interested in his own 
progress he usually responds quickly to helpful sugges- 
tions and when he learns how his written record should 
be made, his improvement is rapid, his interest is 
quickened, and his understanding is deepened. In ad- 
dition to the more exacting requirements from the 
standpoint of chemistry, this procedure gives training 
in English, in punctuation, in paragraphing, in penman- 
ship, and in spelling—all of which are sometimes sorely 
needed. It is the opinion of the author that chemistry 
teachers must be alert and interested in good usage of 
our language. One of the most fundamental objec- 
tives of modern education must be the vitally important 
ability for self-expression, all too frequently neglected. 
If our graduates are to be educated in the true meaning 
of that term it is not sufficient to give training in 
chemistry alone. The ability to express ideas clearly 
and definitely is an absolute essential. Nowhere does 
the chemistry teacher have a better opportunity to 
enforce this prime essential than in the record made in 
the laboratory notebook. In no part of the entire 
curriculum is there a better opportunity than chemistry 
offers to teach self-expression. Here the student is 
not depending on impressions received from the opin- 
ions of others, but he is actually dealing with materials, 
with changing phenomena, and with the subtle forces 
of nature; he is required to observe at first hand, to 
develop a mental picture from what he sees, and then 
to formulate in his own way his own impressions. 

One of the most difficult problems at the beginning 
of a course in chemistry is to make clear to the students 
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how much descriptive matter should be written con- 
cerning each experiment. Some teachers are content 
with brief, disconnected answers to questions, which 
may be expressed in a single word. Others, at the 
opposite extreme, insist on a full and complete descrip- 
tion of the apparatus employed, the materials used, 
the procedure followed, the phenomena noted, the 
results, the equations, and the conclusions. Certainly 
between these too extremes there must be a golden 
mean which will discourage hasty, superficial surveys 
while at-the same time it does not impose a tedious and 
irksome task of writing long descriptions which the 
instructor, himself heavily burdened, finds no time to 
read and properly evaluate. The writer believes that 
the notebook entry should be complete enough to be 
intelligible without reference to the description in the 
laboratory manual. It should be framed in complete 
sentences written in good form with reasonable at- 
tention to punctuation, spelling, and paragraphing. 
Whenever possible, data should be tabulated so the 
reader can see the results quickly and determine the 
amount of understanding which has been exercised. 
A good rule to follow is this: a freshman’s notebook 
should be a complete and understandable record of his 
accomplishments, stated in good English. It should 
be a daily record of what he has done, just as a re- 
search worker’s notes must give a daily “‘log’”’ of his 
experimental study. In making this log students 
should be encouraged to use their own ingenuity as to 
order, arrangement, classification, and tabulation, since 
in this manner they will be led to a critical study of each 
experiment in all its details. 

When should the student make his record in his 
notebook? Obviously his record will come nearest to 
the truth when the impressions made upon his mind 
are freshest. This is undoubtedly while the experiment 
is being performed. My own study of college chemistry 
was begun under a man whom I still consider one of the 
two best teachers of chemistry that it has ever been my 
privilege to know. He had a favorite remark which 
made a deep impression on the students in his classes: 
“Tf you add a reagent to a solution in a test-tube and 
get a precipitate, the best time to describe that precipi- 
tate is before you stop to set the tube in place in your 
rack.” While this advice may over-emphasize the need 
of making a prompt record, it is certain that the best 
description of a chemical change is the one that is made 
when the phenomena are fresh in mind. So we believe 
the notebook entries should be made as the work pro- 
gresses. This of course slows down laboratory progress, 
but we believe firmly that quality is more important 
than quantity. As a result of this belief our students 
are required to write their notes in the laboratory and 
to leave their notebooks in their lockers unless there is 
a special reason for taking them away. 

This plan has the advantage of permitting each in- 
structor to know intimately what his students are doing 
in the laboratory. Help from last year’s notebooks is 
rather difficult to obtain and each student is required to 
work out his own salvation. In addition to slowing 
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down the work it has the disadvantage of exposing the 
notebook to laboratory accidents and to the production 
of untidy records. We overlook the effect of unavoid- 
able accidents and do not regard neatness as absolutely 
essential to notebook excellence. The record must be 
legible, complete, and intelligent and it must represent 
the original work of the owner, but it may show the 
honest soil of the workshop. Neatness, good penman- 
ship, drawings of the apparatus, and elaborations of 
one sort or another are commendable, but we do not 
consider them either vital to good chemistry teaching 
or worthy of a serious position among our requirements. 

It is always difficult to prevent students from making 
temporary records, of weighings on loose scraps of 
paper. Their usual excuse is that they do not want to 
enter the weights in their notebooks until they are 
sure the experiment is ‘‘coming out right.’’ Our prac- 
tice is to require that original records be made in the 
notebook, on the ground that it is as important to 
record failures as successes. If a notebook is to repre- 
sent the ‘‘log’’ on the journey through the wilderness 
of general chemistry, then each day’s work should be 
given a permanent record, since the wise worker learns 
more from his failures than from his successes. 

If it is important for the student to make his written 
record promptly, it is vastly more important for his 
instructor to inspect this record without delay and to 
make any comments which may be needed. If an at- 
tempt were made to establish a mathematical expression 
conveying the educational value of the teacher’s cor- 
rections it might read something like this: the ef- 
fectiveness of the instructor’s criticisms varies inversely 
as the square of the time elapsed between the comple- 
tion of the record and the delivery of the criticism. 
Prompt action on the part of the instructor is preferred 
by the student. If he has failed at any point or needs 
to make a more careful study of any phenomenon he 
wants to know it before he applies his mind to other 
things. If he has been unusually successful and merits 
praise for his work he is equally eager to know this also. 
In either case he goes on to the succeeding experiments 
with a spirit of confidence and a greater determination 
to effect a complete mastery of each new experiment in 
turn. 

In accordance with this idea of the prompt evaluation 
of notebook records, some of our staff require that each 
experimental result must be approved before the next 
number is taken up. This is a very effective system 
which stimulates good endeavor, prods the laggard, and 
discourages a flippant attitude. It may be followed so 
conscientiously, however, that it materially slows down 
progress. It is questionable whether the aims of good 
pedagogy are met when students are required to stand 
around for any considerable time before they are al- 
lowed to proceed. To avoid this possibility sometimes 
each of our students is permitted to continue work at 
his desk while his instructor passes around from indi- 
vidual to individual inspecting both the experiment in 
progress and the record of work completed. These 
methods have the advantage of allowing intensive 
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quizzing of each student. They offer a splendid op- 
portunity not only to evaluate the written record but 
also to effect a searching inquiry into the student’s 
understanding of the principles involved. It is the 
firm conviction of the present author that oral quizzing 
in the laboratory is a very vital adjunct of the written 
record. It frequently happens that the student makes 
a presentable record in his notebook in spite of a failure 
on his part to comprehend in full detail his entire experi- 
ment. Any lack in understanding may be discovered 
by oral quizzing, a stimulating process which is bene- 
ficial alike to student and teacher. It takes time, it 
may slow down laboratory progress to an unreasonable 
degree, and it makes heavy demands on the energy of 
the teacher. But it supplies a very active motive to 
complete understanding of the daily tasks and is a 
most effective method of preventing superficial work. 

The ideal method of procedure is to examine every 
notebook every day. This is possible in small sections 
but when enrolments grow large and budgets shrink 
the best we can do is to examine each notebook as fre- 
quently as possible. Certainly where the usual labora- 
tory schedule prevails a teacher has a right to complain 
about his teaching load when he is unable to inspect 
every notebook at least once a week. 

A perennial problem is presented by the matter of un- 
satisfactory laboratory work. To what extent should 
a student be required to repeat experiments in which 
his first results are faulty? If his percentage of error 
is high in a quantitative experiment is there educational 
advantage in repetition? It is the author’s opinion 
based on long experience and close observation that a 
student should rarely be forced to repeat an unsuccess- 
ful experiment, especially if it requires quantitative 
calculations. It is usually true that an error which is 
promptly discovered will be cheerfully corrected with- 
out protest. If gentle persuasion is needed no harm 
is done, but if the error is not detected immediately 
and compulsion must be resorted to, I believe more 
harm than good usually comes from requiring repeti- 
tion. If the offender feels that he is being punished, 
he is likely to resent this requirement, to hurry through 
the “‘back”’ experiment, obtain worse results than he did 
the first time, and then to save more unpleasantness 
he is tempted to “‘doctor’’ his results so he may pro- 
ceed with his classmates. Of much greater value both 
to his chemistry and to his integrity is the process of 
helping him to locate his own causes of error, to devise 
methods of avoiding similar errors in the future, 
and to understand as fully as possible why his manipu- 
lation did not bring better success. 

The notebook plan suggested above provides for 
training in close observation, scientific study and diag- 
nosis, satisfactory self-expression, and effective scrutiny 
of results. A student may acquire these habits satis- 
factorily, but fail to develop the requisite amount of 
neatness. In order to impress upon our students the 
notion that a chemist needs to be neat, we require a 
few formal reports during his first semester’s course. 
These are usually based upon some quantitative experi- 
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ment. The report is written up at home, the student 
is urged to use his own ingenuity in the arrangement 
of the report while the elements of neatness, skill in 
arrangement, and general interest shown are promi- 
nent factors in determining the acceptability of the 
report. Students usually respond heartily to these 
requirements and are justly proud of their handiwork. 
Perhaps the greatest fault in the practice lies in the 
fact that the students frequently exaggerate the impor- 
tance of these reports. Asa result they sometimes feel 
that their report grades should be the most important 
factor in determining the semester standing. 

The final question of each semester, so far as labora- 
tory notebooks are concerned, deals with the amount of 
credit to be accorded to the written record when the 
final grades are determined. The author believes that 
the weighting of the grades in every course should ac- 
cord closely with the emphasis during the semester. 
Where much laboratory work is required, the laboratory 
grade should carry greater weight. When emphasis 
during the semester has been placed upon the notebook 
and its various adjuncts, it is obvious that suitable 
recognition of success or failure in these features should 
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be made in the final grade. Our own practice in our 
beginning five-hour course is to base 40 per cent. of 
the final grade upon the laboratory work. This is 
done because of the large amount of time and energy 
required in fulfilling our laboratory requirements. 
The proportion of the laboratory grade which is to be 
derived from the written record is determined by each 
instructor, who is expected to use his own judgment in 
determining the relative importance of this phase 
of our work as it applies to his own group of stu- 
dents. 

In conclusion it is obvious that the author believes 
thoroughly in teaching chemistry in the laboratory; 
he is convinced that chemistry ranks high as a subject 
of educational value in our modern world; that ef- 
ficient teaching involves careful, painstaking atten- 
tion to the details of the written record; and that the 
chemistry notebook furnishes an excellent opportunity 
to insure alert observation, keen-minded selection, pre- 
cise tabulation, and, above all, direct and effective self- 
expression. These several abilities will be sorely needed 
when our students come to face the stern realities of 
competitive modern life. 


3. In the Research Laboratory 


ROSS A. BAKER 


The College of the City of New York 


Information furnished by research executives in a num- 
ber of industrial laboratories indicates surprisingly uni- 
form rules for the recording of experimental work. Their 
practices should be of interest to laboratory instructors as 
well as to newly appointed research workers. 


++ oe oere re 


HERE is such a great diversity of opinion among 

chemistry teachers regarding the objectives of 

laboratory work, and such a wide variation in the 
methods of recording laboratory notes, that one is 
tempted to violate a canon of academic freedom by 
asking the simple question, ‘‘Can all be right?” 

It has been said that a good teacher using a poor 
method may have greater success than a poor teacher 
using a good method, and there is evidence to show that, 
in some situations, laboratory notebooks may do more 
harm than good. 

In industrial laboratories, the making of notes is of 
fundamental importance. Where research is an or- 
ganized effort to discover and profitably apply facts all 
new data must be properly recorded, correlated, in- 
terpreted, and finally harnessed in order to yield a re- 
turn on the investment. Hence the original procedure 


of the research worker, his findings, his bibliographic 
searches, his conversations with others, and similar 
items of potential value must be recorded in permanent 
form. ss 

It is generally agreed that many valuable experi- 
mental data are lost for want of proper recording; even 
the omission of an apparently unimportant detail may 
necessitate the repetition of costly experiments. Hence 
research workers are expected to make such accurate 
and detailed records that, years later, their experiments 
may be duplicated in every particular. 

In a well-organized industrial laboratory, the note- 
book of a new man is regularly scrutinized by a coun- 
selor, with more care, probably, than is exercised by his 
counterpart, the freshman laboratory instructor, and. 
according to the principle of Le Chatelier, eco1omic 
pressure must inevitably operate to produce a notebook 
system of tested efficiency. 

Upon the assumption that chemistry teachers might 
profit from a glimpse at the notebooks of workers in 
applied fields, an inquiry was addressed to research di- 
rectors of sixty-five representative industrial labora- 
tories, inviting general comment and, in particular, ask- 
ing what instructions they customarily issue to new 
laboratory appointees regarding notes and reports. 
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Constructive replies were received from the companies 
listed below.* All who answered expressed a keen in- 
terest in the subject, although, as one executive con- 
fessed, ‘‘there is probably a greater difference in prac- 
tice than in opinion of what is desirable.” 

The assumption that one who is capable of doing re- 
search is also prepared to record his notes efficiently or 
to make acceptable reports to his employers is unwar- 
ranted. To quote from several replies: 


“The average college graduate receives inadequate training in 
methods of recording experimental data and preparing reports.” 

“I have found a very great difference in the abilities of various 
men to keep good records, and sometimes I am inclined to think 
that the most important training that can be given a man in a 
scientific course in tollege is that of observing accurately and re- 
cording clearly and systematically the things he has seen.”’ 

“It seems to me that if those in charge give careful thought to 
simple methods of recording data, the ‘embryo chemist’ could 
render much more valuable service in industrial laboratories than 
he sometimes does.” 

“We have had indications that men leaving college are not 
sufficiently observant, and in the case of those who do notice 
things, there are many instances where they fail to record their 
observations.” 

“‘Our greatest criticism of recent graduates is that they are, asa 
rule, exceedingly poor writers and have the bad habit of jumbling 
everything together. There is not enough effort being made to 
turn out a man who knows how to keep a notebook. One of the 
difficulties we have encountered, and which I think traces di- 
rectly back to college training, is that they try to keep two note- 
books. In one they try to jot down notes as they go along, and 
then they try to keep another notebook which looks pretty, for 
the inspection of their superior. Naturally this secondary note- 
book has very little value. To be of value, from the patent point 
of view, the notebook must be original and must contain the 
man’s original observations. When we put this sort of thing up 
to our new men, they invariably produce terrible books, showing 
complete absence of system in many cases.” 

‘Keeping of satisfactory records is an important problem and 
one of the most valuable points of technic which can be imparted 
to students while in school.” 

“The chief deficiency in young chemists is failure to date and 
title records properly. The other important deficiency of the 
young American chemist is in spelling. Most university grad- 
uates come to us spelling and pronouncing ‘laboratory’ as ‘labra- 
tory,’ ‘insoluble’ as ‘insoluable,’ and making other mistakes too 
appalling to record.” 

“Quite frequently, the laboratory manuals given the students 


* Abbott Laboratories; Aluminum Co. of America; American 
Cyanamid Company; American Hard Rubber Co.; American 
Sheet & Tin Plate Co.; Armour & Co.; Bakelite Corporation; 
Barber Asphalt Co.; Bristol-Myers Co.; Brooklyn Union Gas 
Co.; California Fruit Growers Exchange; Champion Fibre Co.; 
Cheney Bros. (Mfgrs. of Silk); Consolidated Gas Co. of N. Y.; 
Corning Glass Works; Crane Co.; DeLaval Separator Co.; Mar- 
tin Dennis Co.; Dennison Mfg. Co.; Diamond State Fibre Co.; 
Doherty Research Co.; Dorr Co.; Dow Chemical Co.; du Pont 
de Nemours & Co.; Flintkote Co.; General Electric Co.; General 
Motors Corporation; Grasselli Chemical Co.; J. H. Heinz Co.; 
Hoover Co.; International Nickel Co.; Krebs Pigment & Chemi- 
cal Co.; Koppers Co.; Laboratory Products Co.; Lehn & Fink, 
Inc.; Arthur D. Little, Inc.; MacAndrews & Forbes Co.; Mellon 
Institute of Industrial Research; Merrimac Chemical Co.; Mid 
Continent Petroleum Corp.; National Biscuit Co.; Parke, Davis 
& Co.; E. L. Patch Co.; Philadelphia Quartz Co.; Pittsburgh 
Plate Glass Co.; Pratt & Lambert, Inc.; Procter & Gamble Co.; 
Roessler & Hasslacher Chemical Co.; Rubber Service Labora- 
tories Co.; E. R. Squibb & Sons; Standard Oil Co.; Standard 
Oil Co. of N. Y.; Swan-Myers Co.; Swift & Co.; Thermatomic 
Carbon Co.; Union Oil Co. of California; Vacuum Oil Co.; 
Vanadium Corporation of America; Virginia-Carolina Chemical 
Corporation; Viscose Co.; Western Precipitation Co. 
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are so complete that there is little encouragement for the student 
to write down anything but ‘yes’ or ‘no,’ ‘soluble’ or ‘insoluble,’ 
‘pink solution’ or ‘green precipitate.’ ”’ 

“Most men who come to me are proficient only in the writing 
down of figures. One of our most prominent technical institu- 
tions constantly turns out men who are proficient in the writing 
down of figures, and exceedingly deficient in (1) the analysis of a 
phenomenon or process for its variables, and (2) the selection of 
these variables with respect to their bearing on a specific angle of 
the problem being studied. I do not feel at liberty to mention 
the name of this institution; if I did, I would feel called upon to 
suggest that its educational methods be studied as a guide in 
how not to teach students.” 


NOTE-TAKING 


In most industrial laboratories, a sharp distinction is 
made between primary and secondary records. Pri- 
mary records are the original notes made by the ob- 
server, while secondary records are reports based upon 
these original notes. Only in rare instances do the 
original notes also serve as the final reports. 

The notebook which contains the original data is re- 
garded by research directors as the most precious of all 
laboratory records. It is the worker’s diary or logbook 
which is expected to contain an original, permanent, 
complete, and indubitable account of the work done, in- 
cluding negative as well as positive results. These 
notes must be not only legible when ‘‘cold,’’ but also in- 
telligible to one not familiar with the work. That is, the 
descriptions of apparatus and procedure should enable 
another to duplicate them in all details for the purpose 
of checking results. Accuracy is placed first, although 
neatness and arrangement are of great importance. 
One executive says, ““We much prefer the men to give 
twice the necessary description rather than nine- 
tenths the necessary description.”” Another adds, “I 
would much prefer to see a dirty notebook completely 
written than a good-looking record, incomplete.” 

To insure legal protection, it is necessary to confirm 
the date, the place where the work was done, and the 
person or persons by whom it was done. All calcula- 
tions should be recorded in order that arithmetical 
errors may be discovered in checking them. The prac- 
tice of making notes on separate scraps of paper is 
vigorously denounced. Every effort is made to keep 
the record up to date, 7. e., to write up each day the re- 
sult of that day’s work. The notes should include 
records of conferences on the problems on hand, ideas 
which have a bearing upon them, disclosures of ideas to 
others, and items such as ‘“‘“Mr. Smith of Chicago was 
here at 10 A.m.; I gave him a sample of my alloy No. 
114.” 

In some laboratories, detailed directions are issued to 
incoming men regarding the recording of notes. In 
others a considerable variation is expected. Space will 
not allow more than a composite picture of the note- 
book ‘‘prescription.”’ 

The notebook is bound and numbered and contains 
numbered pages. The average size is 5” X 8”. The 
pages themselves are ruled or quadrilled. Each book is 
the permanent property of the company, and is issued 
to the worker on memorandum receipt. 
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The laboratory work is recorded in ink, together with 
all calculations, while the work 1s in progress. No era- 
sures are permitted and no pages are torn out or left 
blank. If a mistake is made, it is lined out in ink, and 
a suitable explanation is made and initialed. At the 
top of each page appears the date of the work recorded 
on that page, while a change of date is recorded at the 
appropriate point on the page. The worker’s signature 
and date should appear at the bottom and should be 
witnessed by at least one other person. It is interesting 
to note that college graduates are preferred as witnesses 
since an alumnus can be located years later, if necessary, 
through his alma mater. 

Each experiment should be titled clearly and should 
be limited to one object or to the variations of a single 
factor. The title should appear at the top of each page 
devoted to the experiment. After the preliminary title 
there should be a statement of the problem involved, 
and then (1) the procedure, including a description of 
the apparatus, (2) the data, and (3) the conclusion. 
The book should also contain an index. 

It is admitted that the bound notebook presents some 
difficulties when a single worker is simultaneously carry- 
ing forward several projects. For example, it is im- 
possible to estimate correctly the space to be reserved 
foreach. This particular objection may be met by de- 
voting a separate notebook to each project, canceling 
unused pages by drawing lines through them, initialing, 
and dating. But there are other objections sufficient to 
divide the directors into two groups, with the “‘fast- 
binders” greatly outnumbering the ‘‘loose-leafers.”’ 
The loose-leaf system is, in general, confined to routine 
or control tests. The entire supply of laboratory sta- 
tionery or forms is numbered consecutively so that each 
sheet may be accounted for. Separate sheets admit of 
very flexible consolidation and filing. 

It may not be out of order to outline the practice in 
one research laboratory which uses the loose-leaf sys- 
tem. Here the research worker, at the close of the day, 
is expected to make careful notes of his day’s work, in 
ink. When the experiment has been finished, or every 
two weeks, these notes are removed from the loose-leaf 
binder, and are typed by a stenographer, four copies 
being made. These are returned for approval to the 
man who did the work, after which he signs and dates 
them. One copy is retained by the worker, and the 
other three go to the office. At the end of the year, all 
the laboratory notes are assembled, indexed, and 
bound. 

In some laboratories which prescribe bound note- 
books for the original notes, loose-leaf flexibility is at- 
tained by means of some duplicating system, such as 
alternate, detachable pages for carbon copies. One 
laboratory uses bound notebooks made of tracing paper 
which will permit blueprints to be made. Another 
makes photostats. 


REPORT WRITING 


An industrial report is a secondary report, the pur- 
pose of which is to indicate (1) the experiments which 
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have been conducted and their outcome, and (2) such 
conclusions as seem warranted, including their bearing 
upon previous work and recommendations for the fu- 
ture. A report is best written by the individual who 
performed the work, and should be prepared with the 
same care as a paper to be presented before a scientific 
meeting. 

Adequate reports enable the worker to keep a clear 
perspective of his work, and at the same time assist 
others in judging his value to the organization. Some- 
thing is generally wrong with either the individual or the 
management when the necessary report writing becomes 
aburden. Nevertheless the time of the research worker 
should be conserved as much as possible for actual ex- 
perimentation, and we must recognize the fact that 
brilliant investigators sometimes suffer under the re- 
straints imposed by routine. One executive remarked: 
“Some of the finest experimenters and most reliable re- 
search men whom I have ever known, keep very meager 
notes. On the other hand, some men lacking in keen- 
ness of observation or experimental accuracy keep ex- 
cellent records of their work.” 

A report may merely describe progress, or it may ter- 
minate a completed project; it may be designed for in- 
tra-laboratory use, for the research director, the patent 
counsel, the advertising manager, or some other execu- 
tive. But, whatever the nature of the report, its cor- 
rectness, clearness, and conciseness are ideal qualities. 
It should be impersonal, and should treat of but a 
single subject. While the arrangement must be co- 
herent, it will, of course, vary with conditions. 

As the name implies, progress reports tell what the 
researcher has done, what he is doing, and what he pro- 
poses to do. Their frequency varies with conditions 
and but few laboratories require daily reports in an- 
ticipation of the final report which is due upon comple- 
tion of the project. 

With regard to the form of the report itself, space will 
permit only a brief description of the practices in 
various laboratories. 

The outside cover should give the subject of the re- 
port and the serial number or other designation by 
which it may be filed and indexed. The introductory 
page should indicate (1) the subject, (2) the authoriza- 
tion for the work, (3) the name of the person making 
the report, (4) the date submitted, (5) the dates inclu- 
sive of the experimental work, (6) the serial numbers of 
the notebooks containing the original data, (7) a table 
of contents, and (8) the names of persons to whom cop- 
ies of the report have been issued. 

The main body of the report should be preceded by a 
consistently brief summary of the entire investigation, 
giving (1) the background upon which the study is 
based, (2) the nature and results of the experimental 
work, and (3) the conclusions, including, if possible, an 
evaluation of the work done, and a recommendation as 
to the next step. This summagy is an excellent ap- 
proach to the subject, and should enable a busy execu- 
tive to obtain a bird’s-eye picture of the work without 
having to read further. 
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The body of the report is expected to contain a record 
of all experiments tried and all results obtained, whether 
positive or negative in character. Details should not be 
lacking, but should not be carried to extreme. The 
writer should use clear, concise language, avoiding as 
far as possible technical terms and long, involved sen- 
tences. This portion of the report should also cover 
sources of information, description of apparatus, 
sketches and photographs, summaries of test data, and 
an analysis of these data. 

A self-consistent choice of titles and subtitles is very 
important and should be carefully made. In general, 
tables are preferred to chronological description. In 
any case, the subject matter presented in the body of 
the report must be complete enough for any chemist to 
re-calculate the data and to understand thoroughly the 
method of procedure. 

The conclusion should show the relation of the project 
to previous work, and should include a recommendation 
as to future work. The report should close with ac- 
knowledgments and a bibliography. 

After having been typed, the report should be care- 
fully read by at least one other person familiar with the 
work, and capable of judging its merit. It should then 
be signed with the full name of the person making it, 
and the signature witnessed. 

It is interesting to observe the after-effects of expo- 
sure to virile systems of note-taking which are taught in 
several of our universities. Widely scattered research 
workers still order their laboratory notebooks from 
the college stationers who supplied them during their 
undergraduate days, and many of the laboratory rules 
quoted by different executives can be traced to their 
common experience as students under some outstanding 
instructor. 

The replies from laboratory executives contained 
many casual observations which were of more than 
passing interest. The following quotations illustrate 
the nature of these ‘‘by-products.”’ 


“The practice of asking someone to assist in operations such as 
filtering, evaporating, and completing some part of your work is 
not conducive to absolutely reliable work. There are then two 
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possibilities of alibi. Each person in this laboratory is asked to 
refrain from such practice, except in cases of emergency. Insuch 
cases, permission will be required, and every effort made to render 
the requested assistance perfectly understood.” 

“In the report never criticize, either directly or by implication, 
those involved in the situation. When unfavorable conditions 
have been found, describe them and the means developed to 
correct them, in codperative language, so that those concerned 
will feel that they have had a part in solving the difficulty rather 
than that they are being accused of responsibility for it.”’ 

‘However admirable the composition and however valuable the 
data, a report must be diplomatic. Diplomacy is often erro- 
neously regarded as the art of adjusting the truth to accommodate 
one’s motives. On the contrary, as far as laboratory reports are 
concerned, diplomatic statements are the whole truth, cour- 
teously stated.” 

“The recording of laboratory data in an industrial research 
laboratory is a somewhat different problem from the recording of 
laboratory data in a college, principally because of the fact that 
the laboratory notebooks become the original and most valuable 
records in case a patent question arises later on. I believe, how- 
ever, that students should realize the importance of complete and 
accurate laboratory records made at the time the experiments are 
carried out, and you will certainly have the good will of industry 
in anything you may be able to accomplish in this direction.” 

“Take all data in as clear and complete a manner as possible, 
to avoid subsequent misinterpretation. Make brief notes on 
interviews during the interview when possible, not from memory 
afterwards. Show notes as soon as they are written up to person 
interviewed.” 

‘Many of our research men received some of their early train- 
ing in our analytical laboratory where each analyst is told that 
accuracy is required, cleanliness is necessary, and speed appre- 
ciated, and that the notebook is considered an indication of his 
neatness and ability to organize his work. These books are in- 
spected at frequent intervals by our supervisors, who place a 
certain value on their contents and set-up in evaluating the man’s 
possibilities for future promotion.” 

“T have found it a very practical and useful scheme to intro- 
duce even a very rough sketch of the apparatus connected with 
any experiment described. This serves a double purpose, but 
one of them, which is very valuable and not at first to be thought 
of, is that it enables one more readily to find the description of an 
experiment as he turns the pages of his notebook, it usually be- 
ing impracticable to index such a notebook.” 


In conclusion, the author wishes to thank those who 
responded so helpfully to the questions which were 
asked and to express the hope that their contributions 
may stimulate laboratory instructors to re-examine 
their own practices in the light of industrial experience. 


4. In Industry 


ROSE 


R. E. 


E. I. du Pont de Nemours & Company, Wilmington, Delaware 


Editor's Note: A considerable portion of Dr. Rose’s 
talk took the form of an explanation and discussion of 
various specimens of non-writien laboratory records. 


++ + 


Obviously this cannot be reproduced. The following 
condensed summary, however, conveys an idea of the 
system of records preserved in his laboratory. 


+++ 
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OTEBOOKS, as used in the research labora- 
| \ tories of the chemical industry, are rigidly 
accurate records of facts. Their function differs 
somewhat from that of the academic notebook to 
the extent that they are not regarded as having any 
pedagogical value. This does not mean that they do 
not serve the purpose of measuring the ability of the 
writer of the notes. 

A notebook must fulfil the following conditions. 
It must describe what was done minutely and un- 
equivocally. It must disclose the object of the work, 
and it must fix within very narrow limits the time during 
which the work was done. All this is in harmony with 
the fact that research in industry is always regarded as a 
business, no matter how far it may go in the direction 
of abstract science. Since it occupies the position of an 
investment, the records made in the course of the work 
must allow of determining precisely how much it has 


cost. The cost is arrived at by taking the sum of the’ 


time spent on the work by the research man or men 
and their payroll assistants, if any, the materials 
used, and the overhead—that is, the proportion of the 
distributed costs of executive supervision, general 
laboratory services, and maintenance. It is not 
necessary for the man to put an account of this into 
his notes, but as a part of his record he must furnish 
a detailed distribution of his time against the codes 
assigned to the projects he is working on. I have here 
two such forms. 

In order to check this against the amount of work 
done and its value, it is necessary to have the notebook 
record. This must describe what has been done each 
day and is entered on a notebook with numbered pages, 
which the man dates as he does the work. 

This book is merely a log of the work done and does 
not have to be systematically arranged. System is 
brought into the record in a weekly report which the 
worker must make. This has to be brief and sufficiently 
precise to enable the executive to understand exactly 
what has been done and its relation to the whole 
project. At the end of each month a summary is 
drawn up, and this report is more properly a survey 
of the previous four weeks and what is planned for the 
near future. 

In all of this the underlying idea is that research 
results are tangible property, and property that is 
accumulated at a great deal of cost, though it is property 
that may bring in a great deal of profit. The note- 
book is then only one of the records which safeguard 
the results obtained. The notes which it contains 
must, therefore, be precise enough to be free of am- 
biguity if used as evidence in a court of law. They 
must bear a date for the same reason, and moreover, 
since the courts will not accept an inventor’s notebook 
as establishing a date of conception without corrobo- 
rating evidence, the notebook must be witnessed and 
dated from time to time by some one not engaged in 
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work upon the project—the director, for instance 
In some measure the notebook is an account against 
the sum set aside for the particular piece of research 
by the management, since all research is carried out on 
a project system to avoid an expenditure that is out 
of proportion to any possible return on the money. 

Wherever possible, work that is in any sense routine 
is not a matter of notebook record but is reduced to a 
report form, the form bearing such remarks as may be 
necessary to adapt it to the record which it carries. 
As examples of this I have here the forms which we 
have found convenient in reporting the results of tests 
carried out upon material furnished by the research 
laboratory in their efforts to introduce new dyes or to 
improve old ones. 

[A unique type of “‘notebook’’ was displayed for the 
purpose of recording the results of dye tests, consisting 
of a strip of cloth ten to fifteen feet long and about one 
foot wide, dyed with the material under consideration. 
On this were several strips cut from the same piece 
which had been treated with various testing reagents, 
and typewritten tags giving the description of each test. 
This was rolled up and constituted the permanent, final 
record in the investigation of that particular dyestuff. ] 

In this case we have the ideal notebook; that is, the 
actual experimental evidence. The written notes are 
merely a commentary on the record. Quite obviously 
it is much easier to see differences between samples 
than to describe them, and fortunately for us the differ- 
ences can be recorded in a compact form, which is 
permanent. I do not see how this plan can be made 
to work in recording research which is in the nature of 
synthetic work, but some approach to it might be 
possible, and certainly it is always well to have samples 
illustrating exactly each step in the development. 
Sometimes one deals with such small quantities that 
one cannot spare enough for samples, but I think, in 
general, notebooks would be the better for being 
accompanied by photographs, at least of the apparatus 
used, or very clear sketches, and a collection of the 
products produced would certainly be valuable. 
In the case of measurements, no permanent record of 
the observations is possible except in words or figures, 
but these should be made as far as possible on standard 
report forms so as to avoid unnecessary time spent 
in mere formal repetition. 

In addition to work of this kind in the technical 
laboratory, we have the responsibility of seeing that 
material going to customers is uniform and exactly up 
to standard, and at the same time we have the re- 
sponsibility of using up every usable pound of material 
made by the plant. This entails an extremely close 
cooperation between the plant and our standardizing 
laboratories, and it also makes necessary a very rigid 
system of records. I have such a set of records here, 
which may be of interest to some of you, although 
they are not in the nature of notebooks. 
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5. Duscussion 


Notes by Secretary Norris W. Rakestraw 


Bacon (Union College): We use a notebook method 
which is very convenient, by which each student leaves 
a carbon copy of his notebook record each period when 
he leaves the laboratory. These are filed and constitute 
an immediate record of the student’s daily progress. 


Ullmann (Lehigh University): In my opinion it is 
essential that notebooks be indexed and supplied with 
cross references to facilitate finding material when one 
wishes to look for it. 


Coburn (Hercules Powder Co.): The necessity of 
using several notebooks when several projects are in 
course has been mentioned. I find it just as convenient 
to use a single book, drawing a heavy line between the 
records of different projects as they are entered, and 
noting the page numbers on which they are continued. 
This indicates the continuity of the work without 
breaking the chronological sequence. 


Miss Patten (Medford High School): I should like to 
ask how one is to prevent students cheating and stealing 
records if notebooks are allowed to be taken from the 
laboratory. This is often a great problem in the high 
school. 


Mattern (McKinley High School, Washington): It 
is my idea that the problem of a laboratory notebook is 
to get something into the student’s head, and for this 
purpose a quiz at the student’s desk is most important. 
One must impress the student with the fact that honesty 
in his records is one of the most valuable results to be 
obtained from his work. 


Newell (Boston University): One should start the 
student out with the idea that the notebook is a record of 
facts. After proper appreciation of this is reached there 
will be no incentive for cheating on the part of those who 
are fundamentally honest by nature. If they are not 
it is difficult to say what can be done about it. Further- 
more, if one realizes the tremendous amount of work 
which is required of the high-school student, how rushed 
he is in all of his classes, and what great temptations 
there are to find short-cuts, it is a wonder that so many 
of them actually do their own work honestly. 


Hendricks (University of Nebraska): I should like to 
say a word in defense of the student. We require him 
to be honest, but on the other hand, are we really honest 
with him? We make strict requirements concerning 
his notebook and tell him that it is highly important, 
but after all, do we really read it? And if we do, how 
much actual credit do we give it? 


Stillwell (University of Illinois): The value of the 
notebook must, of course, be impressed upon the stu- 
dent, and one way to do this is to have hour quizzes 
in which the notebook can be actually used. In order 


to do this the notebook must be readable and under- 
standable. This method eliminates the tedious grading 
of notebooks and puts the emphasis upon the student’s 
ability to reproduce what he has done. 


Day (Ohio State): We need a clarification of objec- 
tives in laboratory work. Among these, certainly from 
the standpoint of the program in an Arts College, is an 
appreciation of the scientific method. We need to 
develop the powers of observation and the ability to 
draw conclusions. To this must be added a certain 
amount of training in actual technic. I think it is not 
sufficiently realized that training in the physical sci- 
ences is important in maintaining the democratic nature 
of our society. For here we meet upon a common field, 
with a common end, in such a way as to level class 
distinctions. Something has been said concerning the 
writing of reports. This element in a student's labora- 
tory work should come later in his course, say in the 
senior year, rather than in the first year. We have no 
time here to devote to the work of English composition. 
No one can possibly be a scientist unless he can be exact 
in his statements. This point should be emphasized 
in elementary notebooks; the book form is immaterial. 
We cannot treat a report as an English composition. 


Nelson (Purdue University): Is it advisable that 
graduate students in college sign, date, and witness 
their notebooks as has been mentioned as essential in 
industrial laboratories? 


Baker (College of the City of New York) (Answer): 
I think it is not too much to expect that a graduate 
student should have the date, the title of his work, and 
his signature on each page of his notebook. After all, 
each student should be able to say, ‘“This is a record of 
what J did on that day.”’ Once he gets this habit it will 
be valuable to him subsequently. The General Elec- 
tric Company, for example, never criticizes its workers 
for including too much in their notes. Even casual 
observations such as the stopping and starting of ma- 
chinery or conversations with colleagues or visitors are 
oftentimes found in their notebooks. Furthermore, it 
is not too much to expect that a student should be able 
to write a report showing that he appreciates the bear- 
ing and meaning of the experiments he is doing. Un- 
fortunately this capacity is not always developed. 

Day (Ohio State): What a student may be expected 
to do in this direction seems to me to depend upon the 
type of student. We admittedly use two different 
types of procedure for two different types of students. 


Zachlin (Willard Storage Battery Co.): Emphasis 
has been placed on two types of records, the ‘‘daily 
log’’ versus the regular report. But it seems to me the 
time to require a comprehensive and explanatory report 
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is when a piece of work has been brought to final com- 
pletion and this cannot be specified in terms of days or 
weeks. 

—_———— (Dept. of Agriculture): I should like to 
know if instruction is actually being given in keeping 
records and making reports. It is easy enough to tell 
what is wrong but is anything being done to show how 
to do it right? 


Evans (Ohio State): At the Denver meeting we 
passed out some mimeographed material showing the 
results of coéperation between the departments of 
chemistry and English. The latter was invited to co- 
operate in reading reports on lectures in a course that 
we give on The Nature of Matter. In this case the 
English department did actually give instruction by 
working out a “style sheet’’ in some detail, showing 
how such reports can best be written. These reports 
were accepted as term papers in chemistry and also for 
credit as English themes. Such suggested forms as 
were given do not take away individual originality but 
serve as a guide in instruction. 


Newell (Boston University): There have been cases 
of codperation with other departments than English. I 
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know of cases where the departments of history and 
social sciences have been brought into consultation in 
connection with chemistry courses as, for instance, in 
the history of chemistry. These departments can con- 
tribute something in the way of content, just as the 
English departments can in form. 


Evans (Ohio State): The English Teacher’s Associa- 
tion in our State asked that the material which I have 
just mentioned be presented before one of their meetings 
and considerable interest was shown. 


Day (Ohio State): In connection with this same 
project, I might say that the students were referred to 
the JOURNAL OF CHEMICAL EpucaTION to find forms for 
reports, etc. 


Gordon (Johns Hopkins): It seems to me that one of 
the principal reasons for poor notes and reports is the 
fact that students do not know what they are going to 
do and why. They have no clear objective in view 
when they start experiments and consequently it is not 
surprising that their records are confused. The re- 
search worker, on the other hand, generally has his ob- 
jectives clearly in mind and is consequently able to 
make a more intelligible record of his results. 





INEXPENSIVE LABORATORY MANUAL RACK 
A. C. ADAMS 


King College, Bristol, Tennessee 


THE accompanying sketches illustrate an inexpensive 
rack for keeping the laboratory manual from being 
damaged by water and other liquids that may be on 
the desk surface, and which also permits dry or solid 


FIGURE 1 FIGURE 2 
reagents which have been spilled on the book to roll 
off. 

An ordinary wire coat hanger is bent with a pair of 
pliers at the points A and B as show in Figure 1, until 
the hanger presents the appearance shown in Figure 2. 


Then bends are made at C and D, and £ and F, which 
turn up the ends that are to hold the book pages back. 
The final bends are made at G and H, in such a manner 
as to cause the supporting portion to lie flat on the table, 
while the portion that is to support the book inclines at 
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FIGURE 3 


a convenient angle with the table. Figure 3 shows the 
rack as it appears when finished. Figure 4 shows the 
rack in use. 

This rack also is very handy when used on the re- 
agent shelf at about the level of the student’s eyes. 





The ROSIN ACIDS’ 


E. A. GEORGI 


Hercules Powder Company, Wilmington, Delaware 


Pure research on rosin acids has been conducted for 
over one hundred years. This research has led to the 
discovery that several isomeric acids exist and that others 
can be artificially created by isomerization. These dif- 
ferent acids or isomers can be identified by their crystal 
form, melting point, and optical rotation. However, 
because of the often peculiar action and transitory nature 
of these acids, which was not always known to the early 
workers in this field, many of the properties determined 
and recorded for them are of little value. 


+++ oo + 


AUPE in 1826 first succeeded in obtaining a 
crystalline acid from rosin. Since then workers 
all over the world have contributed to the knowl- 

edge of these acids. Much of the work has been of a 
controversial nature—different workers claimed to have 
done the same work, used the same raw material, and 
yet obtained totally different products. 

At present the literature lists some thirty-odd crystal- 
line rosin acids not to mention the references to non- 
crystalline acids. Maximum purity has been as- 
sumed for many of them because the melting point 
or optical rotation no longer changed upon further 
recrystallization. This fact alone does not assure maxi- 
mum purity, particularly not isomeric purity. 

Apparently very little has been done toward using 
other methods for ascertaining and assuring purity. 
One reason for this undoubtedly is because practically 
all of the research in the past has been conducted from 
a strictly organic chemical viewpoint without making 
use of physico-chemical methods. 


MELTING POINT 


The properties quoted by most authors in their claims 
of new acids are melting point and optical rotation. 
These properties relate to isomeric purity. Chemical 
purity has usually been assumed as practically 100 per 
cent. because the product has been recrystallized. 
This is not necessarily true because extreme rapidity 
of surface oxidation of some of the rosin acids prevents 
absolute purity being obtained unless special precau- 
tions are taken. The acid number of abietic acid has 
been found to be as much as 0.3 (0.15%) below theo- 
retical after as many as fifteen recrystallizations. 
This is believed to be due to both adsorption of im- 
purities and to surface oxidation. 

The melting point of a rosin acid is a difficult prop- 
erty to determine accurately; difficult because it is 


* This paper was presented at the Atlantic City meeting of 
the American Association for the Advancement of Science in 
December, 1932. 


not sharp—successive stages might be called sintering 
point, softening point, melting point, and finally clear 
liquid. These points are spread over a range of some 
ten or twelve degrees 
even with so-called pure 
acids. Unless investi- 
gators call the same 
point in this region the 
melting point, their fig- 
ures will not be com- 
parable. Examination 
of the literature shows 
this has probably not 
been done. 

In Figure 1 are listed 
the melting points of 
some twenty acids taken 
from nearly one hun- 
dred fifty references. 
There is no preponder- 
ance of points which one 
would expect had eight 
or ten of these investigators succeeded in obtaining the 
melting point of the same pure acid. The melting 
range of an acid is probably due to increased oxidation 
at elevated temperatures, and this oxidized acid acting 
as a solvent for the rest of the crystals. Solid solution 
of two isomers probably also accounts for it in certain 
instances. 





MELTING POINTS OF 


VARIOUS ROSIN ACIDS 
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OPTICAL ROTATION 


Optical rotation has been considered the most im- 
portant physical constant of the rosin acids; it is 
often quoted to the exclusion of all other constants. 
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% CONCENTRATION 
FIGURE 2 


Most of the time simply the specific rotation (one must 
often presume it is for the D line) is given with no men- 


tion of solvent or concentration. It can be shown that 
the specific rotation of the rosin acids depends not only 


415 





416 


on the solvent used but also the concentration in that 
solvent. For example, in Figure 2 abietic acid in ben- 
zene is shown to have a 
plus rotation in dilute 
solutions and a negative 
rotation in concentrated 
solutions. Also, if the 
correct concentration be 
picked, one would assume 
abietic acid to be in- 
active. 
[pane conc axhwshechoobsaboaboohea}-eotoo] — | Other acids not only 
amon race! | tecleoloclontocleteo|] Show different rotations, 
= —Prprrrrer) but the rotation concen- 
CETTE =~SCstration curve may even 
[LT TTTITTT TTT! shave a different «slope. 
This is illustrated by the 
two curves in Figure 2, 
in which carbon tetrachloride was the solvent when two 
different acid isomers were used. In Figure 2 three of 
the rotation-concentration curves are extrapolated to 
intersect at a specific rotation of —38°. When this 
acid was fused and a rotation obtained directly on the 
fused material a value of —35° was obtained. 

In Figure 3 are listed crystallographic data for nine 
rosin acids, one of which has been isolated in our labora- 
tories* and is as yet unnamed and heretofore unre- 
ported. The data for the other eight have been 
gathered from the most reliable published work. Even 
the often mentioned triangular form of abietic acid, 
which is very characteristic, can be changed by re- 
crystallization from the proper solvent provided the 
acid is sufficiently pure. Figure 4 shows successive 
stages of crystal growth obtained by adding water to 
abietic acid being recrystallized from anhydrous alcohol. 
These absorption forms can be obtained by proper 
manipulation even with a single crystal. The form 
obtained from anhydrous alcohol shows the relation 
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FiGuURE 4.—PurE AsreTic AcID RECRYSTALLIZED 
FROM DIFFERENT SOLVENTS 


of this acid to the rosin acids which crystallize in the 
rhombic system. In these rhombic acids the angle 6 
(see Figure 5) becomes 90°. 

Transition of certain of these rhombic acids to abietic 


*By G. N. Bishop and the author. 
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acid takes place by isomerization. It is known that 
application of heat (over 50°C.) or mineral acids, etc., 
will cause isomerization of certain rosin acids. For 
example in Figure 6 we see rosin acid crystals (1) from 
slash pine oleoresin (2a) after being isomerized with 








a Se Sa 
Abietic Acid --- C,,4.,¢-COOd 

arbre = 1186¢:1:0.u5u0 

Monoclinic Piaxial 

Sign of double refraction (-) 

Optic angle 2V = circa 65° 
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FIGURE 5 


The specific rotation of this crystal was obtained from 
a 2% solution in 95% alcohol. 


hydrochloric acid and (2b) after isomerization with 
acetic acid. Note in (2b) the two distinct crystal forms 
present. The smaller rhombic crystals (Figure 7) 
are of the newly isolated acid, referred to above and so 
far unmentioned in the literature. Isomerization of 
longleaf pine oleoresin proceeds in much the same 
manner. Figure 8 shows (1) the rhombic crystals 


1. OLEORESIN 2a. HCr 2b. AcgTic AcID 


FIGURE 6.—ISOMERIZATION OF SLASH PINE OLEORESINS 
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from the oleoresin and (2) the characteristic abietic 
habit after acetic acid isomerization. Figure 8 (3) 
shows the type of crystals obtained by a cold ether 
extract of stump wood. The crystal habit and optical 














FIGURE 7.—CRYSTALS OF NEWLY ISOLATED ROSIN ACID 


rotation indicate that the acetic acid content of pine 
heartwood, undoubtedly aided by the heat of the sun, is 
sufficient to cause, at least in part, isomerization of the 
acids in the tree. Hence, wood rosins usually contain 
large quantities of isomerized or abietic acid as con- 
trasted to the gum rosins or oleoresins which contain 
mainly the primary acids. 

Figure 9 shows the results obtained during a fractional 
crystallization of an American wood rosin. The two 
upper views are of intermediate fractions while that on 
the lower right shows the more soluble dextro-rotatory 
acid separated from this particular rosin. The picture 
in the lower left-hand corner shows the more insoluble 
levo-rotatory acid. The habit of these crystals also 
indicates that solid solution had occurred since re- 
crystallization of this sample changed not only the 
optical rotation and melting point, but also the crystal 


Stump Woop 
EXTRACT 


1. OLEORESIN 2. Acetic Acip 3. 


FIGURE 8.—ISOMERIZATION OF LONGLEAF PINE OLEO- 
RESINS 


habit. 
present. 
The fact that solid solution actually occurs is further 
brought out by the observation that if crystals be re- 
moved at intervals from a hot saturated solution of a 
chemically pure (isomerically impure) acid as the solu- 


During this change only one crystal form was 


FIGURE 9.—FRACTIONAL CRYSTALLIZATION OF ROSIN 


tion cools it is found that the rotation and melting 
points change, while the crystal habit does not. How- 
ever if this same acid sample be recrystallized twice at 
the same given temperature, no changes in its proper- 
ties will be observed. 


SALTS OF THE ROSIN ACIDS 


The salts of a given rosin acid have been variously 
described as being amorphous, crystalline, or jelly. 
Among them sodium abietate has invariably been de- 
scribed as a jelly; yet, in Figure 10 are shown crys- 
tals of sodium abietate recrystallized from alcohol. It 
has been found, however, that excess water or even 
small amounts of impurities will prevent its crystalliza- 
tion. The other crystals are needles of the double salt 


Acip Sopitum ABIETATE Soprum ABIETATE 
FicurE 10.—CRrysTaLs FROM ALCOHOL 


NaCoH902'3C20H3002. Apparently abietic acid is the 
only rosin acid giving this salt. It has been found 
that the rotation of this salt upon recrystallization 
is gradually lowered from near zero to (a)y) = —65° 
(2% solution in alcohol) which suggests solid solution. 


PROPERTIES USUALLY OVERLOOKED 


It is well to point out two other properties which are 
usually overlooked. They are the degree of saturation 
(or number of double bonds present) and the density. 
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While most of the rosin acids have two double bonds, 
acids .having only one and possibly none have been 
separated from rosins. The so-called pyro-abietic 
acids appear not to contain two double bonds. 

The density of abietic acid is close to 1.2; other acids 
have densities of less than one, which makes a gravity 
separation of the crystallized acids appear possible, 
although evidently never tried. 
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Still another method of investigation as yet untried 
is the application of the phase rule. It is believed 
this would prove to be a particularly fruitful method in 
explaining the apparent occurrence of solid solutions 
and addition compounds between the isomers. 

It is hoped that the above notes may prove to be of 
at least some aid to future investigators in more ac- 
curately characterizing any rosin acids isolated. 





SODIUM SILICATES, COL- 
LOIDAL and CRYSTALLINE’ 


JAMES G. VAIL 


Philadelphia Quartz Company, Philadelphia, Pennsylvania 


The most familiar soluble silicates are those which 
are primarily characterized by colloidal properties. How- 
ever, crystalline hydrated silicates of definite composition 
are now known and are equally remarkable and interesting 
in their properties. Some properites of silicates and the 
industrial applications based upon ihem are discussed. 


++ oe oe + + 


OLUBLE glasses, by which we mean _ soluble 

silicates and silicate solutions, are perennially 

interesting because of their capacity to display 
a wide range of physical and chemical properties. 
This has made them favorite materials for the experi- 
mental chemist and the development engineer not to 
mention the amateur patentee. Although from the 
manufacturer’s point of view few of the new uses give 
prospective outlets for substantial tonnage, and in a 
low-cost commodity tonnage is the only hope of profit, 
yet new applications and properties adapted to new 
industrial uses have a strong attraction to those of 
us who are naturally curious and who take pleasure 
in solving technical problems. 

The most familiar soluble silicates are those which 
are primarily characterized by colloidal properties. 
The solutions at high concentration are sirupy, the 
amount of solids they can contain at a given viscosity 
is a function of the ratio between sodium oxide and 
silica which, among industrial products, ranges from 
Na2O-4SiO2 up to NasO-1.5SiO2, These glass-like 


* Presented before the Division of Chemical Education at the 
eighty-fifth meeting of the A. C. S., Washington, D. C., March 
28, 1933, as a contribution to the symposium on ‘‘Recent De- 
velopments in Various Chemical Industries.” 


bodies may be associated with any desired quantity 
of water. The ease with which the anhydrous prod- 
ucts may be put into solution ranges from great diffi- 
culty and the need of special conditions in the case of 
Naz2O-4SiO2 to quite ready solubility at the alkaline 
end of the series of colloidal products. : 

The variation of properties among these composi- 
tions is conveniently suggested by three specimens. 
A solution of Na,O-4SiO, containing 40% solids is 
stiff enough at atmospheric temperatures to exhibit a 
conchoidal fracture when a lump is broken in the hand 
and fluid enough to be rolled into a ball which exhibits 
lively bouncing properties. This ball floats readily 
in a thinly fluid silicate of composition Na,O-2SiO, 
containing approximately 50% solids. The most 
alkaline of the three colloidal silicates chosen for illus- 
tration is a solution containing 63% solids. It also 
can be rolled into a ball which, instead of bouncing 
when dropped on a hard surface, acts more like a 
lump of lead. Instead of breaking with a conchoidal 
fracture it may be drawn out into long threads like 
molasses taffy. Because of its high concentration it 
sinks in the liquid which floated the bouncing ball. 

We are not here dealing with definite compounds, for 
all the intermediate compositions can be made. These 
are colloidal systems permitting the preparation of 
products of graded properties from one extreme of 
composition to the other. Silicate solutions of this 
type are the basis of acid-proof and refractory cements, 
quick- and slow-setting adhesives, grease-proof coatings, 
parting films for rubber, detergents, deflocculators, 
and endless compositions of matter to be found in the 
literature and the arts. 
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The reason that colloidal silicates more alkaline 
than Na2O-1.5SiO2 are not offered lies in the tendency 
of the preparations to crystallize. This applies to 
both fused glasses and systems which contain water. 
Soluble silicate crystals have long been known, but 
their preparation in dry, free-flowing form, free from 
uncrystallized or supercooled material is a development 
of recent years (1). Four crystalline hydrates of 
sodium metasilicate are known (3): 


Na,SiO;:5H.20, melting point 72.2°, triclinic 
Na2SiO;:6H2O, melting point 62.8°, monoclinic 
NaeSiO;:8H,0, melting point 48.3°, monoclinic 
Na2SiO;:9H20, melting point 47.8°, orthorhombic 


The 5 and 9 hydrates are available to industry. 

These crystals dissolve with the absorption of heat, 
though uncrystallized liquids of identical composition 
either raise or make much smaller changes in the 
temperature of the water used to dissolve them. It is 
interesting to note that the admixture of two appar- 
ently solid materials each containing approximately 
the same quantity of water can yield, in a few minutes, 
a thin fluid while the temperature is lowered in the 
process. For example, a jelly-like silicate of Na,O- 
4SiO. composition, containing about 57% of water, 
is sufficiently solid to be handled manually. When 
this is mixed with an equal weight of the ennahydrate 
of sodium metasilicate, the two promptly react to 
form a thinly fluid, cold solution. It is obvious that 
no change of concentration is involved. 

The different alkalinities of silicate solutions of the 
same Na,O content are readily shown by a special 
mixture of indicators prepared by dissolving 0.05 g. 
trinitrobenzene in 50 cc. of methyl alcohol (97 to 
99%), adding 10 cc. of distilled water, thoroughly 
mixing, then dissolving in the trinitrobenzene solution 
0.08 g. indigo carmine (indigo disulfonate), 0.03 g. 
malachite green, and 0.02 g. phenolphthalein. Solu- 
tions are then made up from four silicates having 
ratios 1:4, 1:2.6, 1:2, and 1:1, respectively (commercial 
grades “‘S,” “Star,” ‘““D,” and “Metso” sodium meta- 
silicate 5 hydrate), in such a way that each contains 
2.5% Na,O. By adding 1 cc. of the special indicator 
solution to each 100 cc. of the silicate solution there is 
obtained a range of colors corresponding to pH’s 
approximately 11.6, 11.9, 12.3, and 13. It is advisable 
to add the indicator last to the silicate of 1:4 ratio 
and shake immediately to avoid the possibility of 
coagulating the silicate by local dehydration by the 
alcohol of the indicator solution. 

This experiment illustrates by its range of colors the 
qualitative difference between the silicates when used 
as alkalies and buffers. A further comparison results 
from the observation of the effect of titration with acid 
upon pH. As most washing operations involve some 
degree of neutralization of the alkali and as pH affects 
the corrosion of sensitive materials being cleansed, 
such as soft metals and delicate fabrics, it will be seen 
that discrimination should be used in the choice of 
silicates. 
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Sodium metasilicate pentahydrate, though it con- 
tains but 28.9% total Na,O, has actually about twice 
as much alkali available above pH 10 as soda ash with 
58% Na,O, and three times as much as trisodium 
phosphate. Compared with caustic soda, however, 
its activity is very much milder—a fact which is wel- 
comed by the dry-cleaning industry where solvent is 
clarified in an alkaline solution. A small quantity of 
caustic solution accidentally carried over in the solvent 
can work great damage to the sensitive fabrics being 
dry-cleaned, whereas experience has shown the risk 
with metasilicate to be much less and its properties 
are such as to make it a very effective means of re- 
claiming the spent solvent (4), (5), (6), (10). 

The silicates, it should be remembered, are neutral- 
ized by very weak acids. Even a sodium bicarbonate 
solution will react with any of the silicate solutions 
to form carbonate and, if the concentration is sufficient, 
to precipitate silica. On the other hand, dilute solu- 
tions may be neutralized or made acid without imme- 
diate precipitation. The gel-forming characteristics 
are to a considerable extent a function of the concen- 
tration of silica so that while sodium bicarbonate 
easily causes the gelation of a solution of 1:4 composi- 
tion, it is much less likely to cause this effect in the 
stable solution of metasilicate. 

The reaction between silicate and bicarbonate solu- 
tions can be conveniently illustrated by dissolving 
30 cc. of ‘“E”’ silicate (Na,O-3.2SiO2, 40° Baumé, 
clear) in 100 cc. of distilled water. Separately dissolve 
5 g. of sodium bicarbonate in 60 cc. of distilled water 
and add 5 to 10 drops of phenolphthalein indicator 
solution and 5 drops of methyl orange. Only the 
alkaline color of the methyl orange appears. Now 
mix the two solutions well and allow to stand quietly. 
The mixture which takes on the brilliant red of the 
phenolphthalein at the moment of mixing gradually 
develops an-opalescence and sets to a stiff gel. 

Among the uses for crystalline sodium metasilicate 
is a wide range of cleaning operations. First, in 
laundering it has been shown to be an efficient builder 
for soap (2). It increases the lather and detergent 
effect in soft water and is a useful wetting-out agent 
with or without soap in what the laundryman calls 
the break. This is the initial step of the washing 
procedure where albuminous materials are dispersed, 
soap-destroying compounds neutralized, and loosely 
attached dirt removed at low temperature before the 
washing proper. Under conditions appropriate to 
efficient laundering, the metasilicate is easily and 
completely rinsed from the fabric and no deposition 
of silica in the fiber takes place. Ash determinations 
of cotton goods washed twenty times show no meas- 
urable increase in the non-cellulose material. Refer- 
ences to the accumulation of ash in fabrics laundered 
in the presence of silicate solutions are usually based 
either on opinions unsupported by experiment, or 
on the use of silicates at inappropriate concentrations, 
or in conjunction with added materials able to de- 
compose them. 
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In the cleaning of metals preparatory to electro- 
plating and finishing, a high degree of perfection in the 
removal of grease is required. The excellent wetting 
power of metasilicate, either alone or with an addition 
of about 1% of rosin, together with the low risk of 
injuring the metal surface, has been shown to be a 
substantial technical advantage both in those processes 
where still baths are used and when the cleaning action 
is accelerated by the liberation of gas on the surface 
of work made cathode or anode in an electric circuit. 
The ease with which the solution can be completely 
rinsed from the cleaned articles, usually with water 
followed by an acid dip, is another reason for the use 
of this new reagent (8), (9). 

In the cleaning of glassware, a lustrous surface is 
obtained by using metasilicate of low concentration, 
and accumulated scale is gradually removed from 
bottle-washing machinery. On account of the un- 
desirability of completely removing deposited materials 
which have a lubricating effect from chains and bearing 
surfaces which operate in the hot wash liquors, it is 
usual to use metasilicate combined with caustic soda 
at some sacrifice of efficiency. It is to be hoped that 
this penalty will not always be imposed, for machines 
could be designed which do not depend on lubricated 
parts moving through wash liquors. The germicidal 
effect of sodium metasilicate is greater than that of 
other alkaline salts when used alone, though not as 
great as that of caustic soda. The germicidal effect of 
caustic soda is increased by the addition of sodium 
chloride and/or alkaline salts of which sodium meta- 
silicate is the most potent (7). Severe corrosion of 
milk bottles washed in caustic solutions is a common 
experience but can be entirely controlled by the use 
of metasilicate either alone or combined with the 
caustic. 

The hydrates of sodium metasilicate are very soluble. 
The pentahydrate melts in its water of crystallization 
at 72.2°C. It is interesting to note that the sirupy 
liquid thus formed is so easily supercooled that re- 
crystallization of the melted mass does not ordinarily 
occur. 

When used for general cleaning of tile and cement 
surfaces, it has been repeatedly observed that sub- 
sequent cleaning operations are easier. The reason 
is found in the deposition in porous structures, such 
as portland cement, of a siliceous deposit which makes 
the surface less permeable. This is a variant of the 
familiar phenomenon which occurs when silicate solu- 
tions are used to preserve eggs by depositing gels in 
the pores of a calcareous shell or when the siliceous 
types of silicate solutions are used for hardening and 
oil-proofing concrete floors. 

Thus it will be seen that the crystalline silicates 
differ from the colloidal forms in providing ready solu- 
bility in cold water, high pH sharply modified from 
the behavior of caustic solutions, greater adaptability 
to the exigencies of industrial cleaning and, at the 
same time, show a close relationship in their behavior 
to the more familiar forms. 
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ELECTRIC FURNACE FOR CALCIUM 
CARBIDE PREPARATION 


WILLIAM B. SANFORD 


Savona Central School, Savona, New York 


TWO students in my chemistry class wished to pre- 
pare calcium carbide. To carry out the experiment 
they constructed an electric furnace. The student 
drawing clearly explains the construction. They used 
carbons and a resistance from a health lamp to form 
the arc. The pit was 
closed with an as- 
bestos plug, in which 
was a small hole to 
permit the escape of 
carbon monoxide. 


Ground N wed 
Asbestos 
c = | 


They ground and mixed coke with an equal weight of 
lime. They calculated the weights should be in the 
ratio of 3 to 5, but later found that better results were 
obtained by using equal weights of each. The arc 
passed through the mixture for ten minutes. The car- 
bon monoxide burned at the opening in the asbestos 
plug. 

Very small pieces of calcium carbide had formed. 
The students removed the pieces from the furnace and 
allowed them to cool. They placed them in a test- 
tube and added water. The acetylene formed was iden- 
tified by its odor. The gas was ignited as it bubbled 
out. 

The yields were very small but the experiment created 
a great amount of class interest. At present the stu- 
dents are preparing to use sand and carbon in an at- 
tempt to prepare carborundum. 
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The ORIGINS of SUGAR 
MANUFACTURE in AMERICA 


IT. A Sketch of the History of Sugar Refining in America 
C. A. BROWNE 


U. S. Department of Agriculture, Washington, D. C. 


NOTHER phase of the history of sugar manu- 
facture in. America deals with sugar refining, 
by which is meant the elimination of the molasses 

and other residual impurities of raw sugar by clarifica- 
tion, filtration, decolorization, and recrystallization. 
Nearly all of the cane sugar which was made in the 
tropical colonies of America previous to 1700 was 
shipped to Europe for refining, there being ordinances 
and regulations by the mother countries against the 
establishment of many colonial industries. 

At the time of the settlement of the eastern colonies 
of North America, Holland was the leading sugar- 
refining country of Europe, and it was natural, there- 
fore, that sugar refining should have been among the 
first industries to be established in the Dutch colony of 
New Amsterdam, which was settled in 1624. This 


town soon became a shipping center of considerable 


importance. It was founded by a trading organization, 
the Dutch West India Company, whose sailing ships 
unloaded here their casks of muscovado, cassonade, 
and other tropical sugars where, after weighing, they 
were stored in the company’s warehouses either for 
reshipment to the sugar refineries of old Amsterdam 
in Holland or for local purposes of trade. The bakeries 
consumed some of this sugar and, as many bakers of 
that time understood the rudiments of the art of 
purifying sugar, it was perhaps in one of the early 
bakeshops of New Amster- 
dam that our American 
sugar-refining industry had 
its first simple beginning. 
New Amsterdam was 
conquered in 1664 by the 
English, who changed its 
name to New York, and all 
its early industries passed 
thereafter under the control 
of Great Britain, although 
individual owners continued 
in possession of their per- 
sonal property as before. 
There was no eviction or 
expulsion of the old pro- 
prietors and thus it came 
about that the early sugar- 
refining industry of New 
York continued to develop 


FIGURE 17.—STOREROOM OF AN OLD DuTCH SUGAR REFINERY 
OF THE EIGHTERNTH CENTURY, WITH CASKS OF SUGAR AND 
Factory EQUIPMENT 


From a print in Reesse’s ‘“‘Suikerhandel van Amsterdam.” 


largely under the control of Dutch families, such as 
the van Cortlandts, Rhinelanders, Cuylers, Roosevelts, 
and many others who might be mentioned. 

About the time of the birth of George Washington 
there began to be a great expansion in many of the 
infant chemical industries of the English colonies 
of North America and so we find in the New York 
Gazette for August 17, 1730, an announcement which 
states that Nicolas Bayard has erected a sugar refinery 
for making ‘“‘double and single Refine Loaf-Sugar, as 
also Powder and Shop-Sugars and Sugar-Candy which 
he supplies at wholesale and retail, having procured 
from Europe an experienced artist in that mystery.” 
This announcement is interesting to the student of 
American chemical industries for several of its features. 
First we should note the variety of refined sugars 
which Bayard proposed to manufacture, the production 
of these having hitherto been guarded jealously as a 
mystery and secret by European refiners who did not 
wish to lose their American markets to colonial manu- 
facturers. This same attitude prevailed also for a 
long time with reference to the manufacture of gun- 
powder, dyestuffs, soap, paper, textiles, and a large 
number of other chemical products. But the secrets 
of such manufactures can never be permanently 
guarded and so we note secondly that Nicolas Bayard 
was successful in obtaining an experienced artist from 
Europe to assist him in his 
new enterprise of sugar re- 
fining. The early history 
of our American chemical 
industries is filled with 
similar accounts of skilled 
European technologists who 
came to America for a 
better opportunity to exer- 
cise their talents. The 
third point that should be 
observed with reference to 
Bayard’s new sugar refinery 
is the example which it 
affords of the gathering 
movement for the estab- 
lishment of domestic colo- 
nial industries, the efforts to 
prevent this during the next 
forty years by Great Britain 
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being one of the chief causes of the American Revolu- 
tion. 

Nicolas Bayard’s ‘‘Sugar House,’’ as it was called, 
stood upon the north side of the present Wall Street 
in New York between William and Nassau Streets, 
near the site of the old Assay Office, and it finds a 
prominent place upon the old maps of New York City 
from 1730 until the Revolution, about which time it was 
demolished. 

The sugar refiners of Amsterdam in Holland at this 
time excelled those of other European cities both in 
skill and in the excellency of products and the ‘‘ex- 
perienced artist’? whom Bayard procured was in all 
probability a native of Holland. The refined sugar 
products that Bayard advertised in his 1730 announce- 
ment were identical with those made in Holland and the 
interior arrangements of his new refinery of which we 
have no knowledge were in all probability very similar 
to those existing in the refineries of Amsterdam. 
We have very full and accurate knowledge about the 
equipment of the old Amsterdam refineries, two 
pictures of which, photographed from contemporary 
prints, are shown herewith. The first of these (Figure 
17) shows the main floor of an old Dutch refinery with 
office, weigh room and storage space for casks of sugar, 
evaporating pans, molds for the drainage of sugar and 
other paraphernalia. The next picture (Figure 18) 
shows the evaporating room of the same refinery 
with fireplaces, sirup pump, open kettles, and other 
operating equipment. A view of the “fill house’ 
of a European sugar refinery of this period is shown 
in Figure 19. It was here that the many conical 
molds, filled with the magma of sugar crystals, were 


FIGURE 18.—EVAPORATING RooM OF AN OLD DutTcH RE- 
FINERY OF THE EIGHTEENTH CENTURY 


From a print in Reesse’s ‘“Suikerhandel van Amsterdam.” 


placed in rows and tiers upon earthenware receptacles 
into which the adhering molasses and washing liquor 
slowly drained. The interior arrangements of the 
early sugar refineries of New York were no doubt very 
similar to those shown in these pictures. 

Exterior views are shown of several old New York 
sugar refineries. The first of these (Figure 20) is that 
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of Peter Livingston’s Sugar Refinery which was erected 
in 1754 on the south side of Liberty Street, between 
William and Nassau Streets, not very far from the 
refinery of Nicolas Bayard. This building was used 
as a military prison by the British during their occu- 
pancy of New York in the Revolution. The next 
picture (Figure 21) is that of the sugar refinery of 
John van Cortlandt, erected in 1756, near the north- 
west corner of Trinity churchyard. The third picture 
(Figure 22) is that of Rhinelander’s famous sugar 
house which was erected in 1763, on the corner of the 
present Rose and Duane Streets, by Henry Cuyler, Jr., 
and was afterward sold to William Rhinelander. 
It was also used as a military prison during the Revolu- 
tion. This structure survived the longest of the old 
New York sugar refinery buildings, having been torn 
down only in 1892. 

The process of purifying sugar, as conducted in 
these old refineries, was of a very primitive character. 
The tropical raw cane sugars which were imported 
at that time for refining consisted of a moist low-grade 
muscovado (varying in color from a yellow to brown 
and containing more or less adherent molasses), and of a 
higher grade cassonade freed from its sirupy mother 
liquor by covering in conical molds with wet clay, 
after which the loaves were dried in the sun. The 
cassonade, being more free from impurities, was natu- 
rally preferred for refining. The raw sugar was 
dissolved and heated in kettles with lime water; the 
albuminous matter of eggs was then added and the 
precipitated coagulum of impurities removed by 
skimming and filtering through cloths. The liquid 
was then evaporated to a thick sirup, which after 
crystallization was poured into conical molds. At the 
point of each mold was an opening from which the 
adhering molasses drained into a pot. 

The sugar in the mold was then covered with a pasty 
mass of clay and water; the latter percolating down- 
ward removed most of the residual molasses. The 
loaves of sugar, after draining, were removed from 


FicurE 19.—THE ‘“FILL-HOUSE”’ OF A EUROPEAN SUGAR RE- 
FINERY OF THE EIGHTEENTH CENTURY 
The conical molds, containing the magma of sugar crys- 
tals, were placed upon jars into which the molasses and wash- 
ing liquor drained. 
From a contemporary French print. 
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FIGURE 20.— 
LIVINGSTON’S 


SuGaR REFINERY, 


New York City, 


ERECTED IN 1754 


AND DEMOLISHED 


IN 1840 





From an old engraving in Valentine’s 
Manual of New York, 1858. 


the molds and dried in ovens, the product thus ob- 
tained being the single refined loaf sugar advertised by 
Bayard. These loaves were white and hard and gave 
forth when hit a ringing sound which was regarded as 
an indication of merit. The single refined product was 
frequently stained, however, with yellow patches due 
to traces of unremoved molasses and to remove this 
defect the loaves after removal from the molds were 
remelted, clarified a second time with a little lime and 
eggs, and then poured into molds for a second crystal- 
lization, the application of wet clay to the top of the 
forms being repeated as before. The molds were 
hoisted usually to the upper stories and attic of the 
refinery building (the ‘‘fill-house,’’ see Figure 19) 
where they were set into jars which received the 
drippings of molasses and sirup. The contents of the 
molds after this second crystallization and baking 
constituted the double refined loaf sugar of Bayard’s 
announcement and this product when pulverized was 
the powder sugar which he listed among his wares. 
The drippings of molasses and sirup when boiled and 
crystallized gave him his so-called ‘‘Shop-Sugars’’ 
of which there were different colored grades. The 
sugar candy which Bayard advertised was made by 
allowing the clarified sugar sirup, not too highly 
concentrated, to crystallize slowly upon small wooden 
sticks in kettles which were placed for several weeks in a 
carefully heated room. According to the purity of the 
sirup the candy varied in color from a brown to a 
water-clear product resembling the modern rock candy. 

The methods of refining employed in the sugar houses 
of New York immediately after the Revolution were 
substantially the same as those previously described 
for the time when Nicolas Bayard began operations 
in 1730 with the exception that animal blood had now 
begun to be employed as a coagulating agent in clarifi- 
cation instead of eggs, although the latter were oc- 
casionally used by some of the New York refiners 
until a much later date. There was very, little care 
exercised in the selection of the eggs for this purpose. 
The more fastidious European refiners were careful to 








separate the yolks of the eggs and to use only the 
albuminous white portion as a coagulating agent; 
but in the early New York and other American re- 
fineries the usual practice was to crush the whole 
eggs, all the various parts of which were supposed 
to assist in the process of clarification. The presence 
of spoiled eggs was thought by some to have a dele- 
terious effect; no efforts seem to have been made, 
however, to sort out the bad eggs, one New York 
refiner making the statement that no injury to the 
refined sugar resulted from their use. 

The use of animal blood from slaughter houses began 
in European sugar refineries about the year 1700, but 
did not come into general use until some fifty years 
later. Blood had a great advantage over eggs from the 
point of cheapness but its extreme susceptibility to 
putrefaction and the consequent tainting of the sugars 
and sirups with objectionable odors caused those who 
used it a great amount of trouble. The presence of 
numerous slaughter houses in New York during the 
early days gave the local refineries a plentiful supply 
of fresh blood for the clarification of their raw sugars, 
but during the warm summers the blood underwent a 
rapid putrefaction and became infested with the larvae 
of flies. The atmosphere of the, refinery was in conse- 
quence very offensive and workmen were known to 
faint from the objectionable odor. 

Benjamin Silliman, who was professor of chemistry 
at Yale College from 1802 to 1853, has left an interesting 
description of the post-Revolutionary methods of 
sugar refining as they were performed in New York 
at the old Liberty Street Sugar House, which, after 
various changes in ownership since the Revolution, 
was operated at the time of Professor Silliman’s visit in 
1832 by the firm of Teaman, Tobias and Company. 
The methods of this refinery had continued prac- 
tically unchanged for half a century, without any of 
the new epoch-making improvements which were 
then just coming into use. 

The raw sugar was first mixed with lime water in 
two large circular copper pans set into brickwork. 























FIGURE 21.—VAN CoRTLANDT’S SUGAR REFINERY, NEW 
York City, ERECTED IN 1756 AND DEMOLISHED IN 1852 


From a woodcut in Lossing’s “Field Book of the Revolu- 
tion.” 


Six hogsheads, containing about 5500 pounds of 
muscovado sugar, were divided between the two 
pans, the lime water taken being about one gallon to 
every fifteen pounds of sugar. Three and one-half 
gallons of fresh blood were then added to each pan, 
and the contents stirred with gradual heating until the 
sugar was dissolved. The heat was increased to just 
below the boiling point and held at this temperature 
for about three hours until the thick blanket of co- 
agulated blood and other impurities had risen to 
the surface. This blanket was then removed by per- 
forated skimmers and the underlying solution ex- 
amined as to transparency. If it was still turbid a 
little more lime water and blood was added, the 
heating and skimming being continued until the liquid 
was perfectly clear. The latter was then poured by 
means of dippers through woolen filtering blankets 
in order to remove suspended impurities. The scum 
and impurities on the filter were then pressed in bags 
between perforated boards in order to remove as much 
as possible of the adhering liquid. 

The pressings were united with the main solution 
from the filter blankets and returned to the clean 
copper pans where the combined liquid was evaporated 
over a brisk fire to a thick sirup, the final endpoint 
being determined by the stringiness of the product 
between the fingers. When this point was reached the 
fires were dampened and the thick sirup in the pans 
run into cooling vats where it was stirred with wooden 
paddles to promote granulation. When crystallization 
was complete the magma of molasses and sugar crys- 
tals was poured into conical molds of unglazed red 
earthenware. The sugar molds in the early days of 
New York refining were imported from Europe, but 
they were afterward obtained from Norwalk, Con- 
necticut. The opening at the tip of the mold was 
closed, while being filled, with a wad of paper. 

When the molds were filled they were hoisted into 
the draining room (“‘fill-house’) above, the paper 
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wads were removed and the tips placed in earthen 
jars. After one or two days’ draining the molasses 
was poured out from the pots, the molds replaced, and 
the surface of the sugar plastered with argillaceous 
fnud. The water percolating downward from the clay 
through the sugar removed most of the adhering 
molasses; the claying and draining of the molds were 
repeated a second and third time, any cavities in the 
sugar being filled in with finely broken lumps. After 
the final draining the loaves of sugar were emptied 
from the molds; if the small ends were discolored 
with traces of sirup they were cut off and after crushing 
used for filling the cavities of draining loaves as pre- 
viously described. The truncated loaves formed the 
lump sugar which was used for powdering. The loaves 
and lumps of drained sugar were then placed in the 
oven which consisted of a large sheet iron cylinder 
passing through three floors of the refinery from the 
lower story where the heating furnace was placed. 
After drying for five or six days in the oven at a tem- 
perature of about 130°F., the sugar was removed when 
it was ready for the market. For making the finer 
grade double loaf sugar, the single refined product 
after emptying from the molds was dissolved, clarified 
a second time, recrystallized, purged, and baked as 
previously described. 

The first drainings of molasses obtained in this 
process were boiled down for making a low-grade 
brown sugar known as “bastard,” the drainings from 
which were sold as refinery molasses. The drainings 
of the clayed sugars were put in the pans with the next 
lot of sugar to be clarified. The residues of scums 
were sold usually to cordial manufacturers who re- 
moved the adhering sirup for making extracts. The 
old Liberty Street Sugar House, which was torn down 
in June, 1840, was among the last to employ this 
primitive wasteful method which gave from one 
hundred pounds of raw sugar a yield of only about 
fifty pounds of white refined product. 

The sugar refining industry of New York, as well as 
of other American cities, suffered greatly during the 
period of financial depression which followed the War 
of 1812, and it was not until after the business revival 
which started in 1824 under the tariff system of Henry 
Clay that the modern era of sugar refining, with the 
use of the steam engine, the vacuum pan, and the bone- 
black filter, began. The revised tariff of 1828, which 
fixed a rate of three cents a pound upon raw sugar and 
eleven cents a pound upon refined sugar, afforded the 
sugar refiner a sufficient margin of profit to permit 
experimenting with new inventions and a corresponding 
improvement is noted at this time in the methods of 
sugar refining. 

The introduction of the vacuum pan by Howard of 
London and the introduction of bone charcoal by 
Figuier of Montpellier both occurred in 1812, but the 
employment of these new inventions in America was 
considerably delayed by the interruptions which came 
with the War of 1812. The earliest refinery company 
in New York City to use these improvements seems 
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to have been the firm of Archibald and Delafield which 
was active until 1833. They employed a steam engine 
of eight horse-power for running the vacuum pump 
and, while relying chiefly upon the newer improved 
methods of refiring, they still used blood and clay to a 
limited extent for their lower-grade sugars. Mr. 
Archibald of this firm can be called the father of modern 
sugar technology in America, for he not only led the 
way in introducing the newer European processes, 
but he was our earliest foremost inventor in this field 
and took out numerous patents for improvements in 
manufacturing and refining sugar. 

The process of refining sugar by the newer methods 
practiced about 1830 consisted in first mixing the raw 
sugar with a little water, and then allowing the magma 
to drain in molds until the adhering molasses was 
removed, a procedure similar to the modern one of 
affining. The washed sugar was then dissolved in a 
blow-up, to which three per cent or more of bone black 
was added, together with a mixture of alum and milk 
of lime, called Howard’s finings. After heating to a 
boil and skimming, the solution was passed through 
bag filters and then evaporated in a Howard vacuum 
pan to a thick sirup, which after granulating was 
poured into molds and allowed to drain; the molds 
were then liquored by covering with a magma of re- 
fined sugar and water, the advantage of this method 
over the old process of claying being that less sugar 
was dissolved, less molasses was produced and a higher 
grade of refined sugar was obtained. The sugar used 
for the liquoring magma had to be better in quality 
than the product in the mold. When the liquoring 
sirup had displaced all the molasses and the drainings 
were clear, the loaves were removed from the molds 


and dried in ovens in the usual way. This process . 


took about twenty days and gave a sugar equal to the 
double refined loaf of the old method. 

The sugar refineries of New York in 1830, of which 
there were eleven, were small establishments with a 
daily melting average of only about two tons each. 
The enlargement of these small units into the modern 
New York refineries with an average daily melting 
capacity of over 1000 tons had its inception in 1832, 
with the establishment of the firm of R. L. and A. 
Stuart, who commenced operations in three small 
wooden buildings on the corner of Greenwich and 
Chambers Streets. This first establishment of one and 
a half tons daily capacity was replaced in 1835 by a 
six-story brick building with a daily refinery capacity 
of six tons; in 1849 this unit was increased by the 
addition of a large nine-story building which enabled 
the Stuarts to refine sixty tons of sugar per day. The 
Stuart establishment was equipped with all the latest 
improvements and with its varied personnel of three 
hundred workmen, consisting of coopers, carpenters, 
machinists, sugar boilers, etc., was a worthy prototype 
of the modern New York Sugar Refinery. The Stuarts, 
however, were eventually eclipsed as sugar,refiners by 
another family whose enterprise made their name 
almost synonymous with that of the industry. 


FIGURE 22.—RHINELANDER’S SUGAR REFINERY, NEw YORK 
City, ERECTED IN 1763 AND DEMOLISHED IN 1892 


From an old woodcut. 


In 1805 the firm of A. and D. Havemeyer began 
sugar refining in a little building, twenty-five by forty 
feet, in the rear of 87 and 89 Vandam Street. The 
proprietors and four or five employees constituted 
the entire personnel of the plant. In 1828, W. F. and 
F. C. Havemeyer, sons of the original founders, took 
over the business which was enlarged in 1847 by the 
erection of a spacious ten-story refinery running through 
a distance of two hundred feet from Vandam to Charl- 
ton Street, and having a melting capacity of about 
thirty-five tons of sugar a day. 

These first large refineries, erected by the Stuarts 
and Havemeyers, were badly located, owing to their 
distance from the water front, a condition which 
forced a great many New York refiners a few decades 
later, when competition became more keen, to abandon 
the business. The Havemeyers were among the first 
to realize the great importance of a water-front loca- 
tion in the economy of handling sugar, fuel, and other 
supplies. After disposing of their business on Vandam 
Street to William Moller and Son, they joined in 
erecting the refinery of Havemeyer and Elder in 1861, 
on the East River at Williamsburg, which by rapid 
development has grown into the present large refinery 
of the American Sugar Refining Company. 

The late Dr. C. F. Chandler, during the early days 
of his long professorship at Columbia, acted as a con- 
sulting chemist for the firm of Booth and Edgar, who 
had a sugar refinery at the Southeast Corner of West 
and King Streets. He began his duties on May 1, 
1868, and his reminiscences of this connection are 
among the most delightful to which I have ever listened. 
He went down to the refinery at six in the morning 
and worked until eight making the necessary analyses 
of sugars, sirups, molasses, bone black, etc., and con- 
ducting experiments upon both a laboratory and 
factory scale. This refinery had an output of ten 
thousand pounds of loaf sugar per day. The methods 
employed were a mixture of the new and old. Blood 
was still used in clarification, as in some other New 
York refineries at this time, but with the disappearance 
of abattoirs from the city shortly after this the supply 
of blood was cut off, and its use disappeared. No 














NaI. Doneblack Cooler. 


Suiifier. 














NoG BONTELACK TANKS at 




















Ni 23. Arhita Vie 


Aw x Ge. , 









































PAGES FROM VAN CLEEF’S THESIS ON “SUGAR REFINING” 








Nel THE MEDTER 











a EPO Osseo Rta bat 


Ga 7 Steet en 
moh He LA 


: he cen bee Ae na he atte ft. 

eorusnaay 4 eee: ef chee bower 

Oca jommrnaay Rd: 
“ pith hey athe 

















Jury, 1933 


centrifugals were employed, the sugar being purged 
in conical molds according to the old method. 

There were twenty-seven sugar refineries in opera- 
tion in the New York district at the time Dr. Chandler 
began his connection with Booth and Edgar. The 
capacity of these varied from five to sixty or more 
tons per day with a total possible production of about 
250,000 tons, although the actual turn-out was less 
than half of this amount. The refining business at 
this time was in a bad state, the margin between the 
price of raw and refined sugar was constantly dropping 
and the old wasteful methods of manufacture were no 
longer profitable. Competition became more keen; 
it was now a mere question of the survival of the 
fittest and one by one the less efficient refineries were 
discontinued, the result being that in 1880 only twelve 
were left to continue the struggle. Attempts were 
then made in the interest of self-preservation to limit 
the meltings of sugar but these efforts proved to be 
utterly futile. The final outcome of it all, when the 
growing losses of the business threatened a wide 
disaster, was a general consolidation and reduction in 
the number of refineries to the present basis. In this 
triumph of efficiency over wasteful indifference, 
chemistry played a most important part. A chemist 
was an almost unknown entity in the New York re- 
fineries before the time when Dr. Chandler began his 
activities. The polariscope came into general use at 
about this period and it was only by the help of this 
instrument that the immense losses of the old methods 
of refining were detected and gradually eliminated. 


The most interesting and instructive period in the 


long history of sugar refining in America was just be- 
fore 1870, when the old and new methods were vying 
for supremacy. The most modern and the most 
antiquated appliances could then be found in operation 
side by side. 

Some years past, after long efforts to find photo- 
graphs or other pictorial views of the processes of sugar 
refining as they were conducted in the United States a 
half century or more ago, my search was rewarded in a 
very unexpected manner. I found one day in Stam- 
mer’s old second-hand book shop of New York a dust- 
covered thesis upon Sugar Refining, by Augustus 
Van Cleef of Columbia College, written in the year 
1869. The title page, text, and ink drawings of this 
thesis are remarkable examples of penmanship and 
they enable one to visualize perfectly the methods of 
sugar refining as they were carried out in the refinery 
of Greer, Turner and Company of New York sixty- 
three years ago. Some of the illustrations of this 
thesis are shown in the accompanying reproductions 
(p. 426). 

The vertical section of the building shows the re- 
finery proper upon the right (occupying less than a 
half of the entire space of the building), the large 
““fill-house,’’ where the sugar was drained upon the 
left, and the immense stove for drying the sugar ex- 
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tending through six floors of the building in the 
center. The raw sugar was first stirred in the mixer 
(1) with a certain amount of char filter washings 
(sweet water) in order to dissolve as much as possible 
of the adhering molasses. The washed sugar was then 
poured into conical molds and placed on the ground 
floor of the ‘“‘fill-house’’ (11) until the molasses had 
drained away. The washed sugar after draining was 
then hoisted by an elevator to the eighth floor of the 
refinery where it was dissolved in the blow-ups (9), 
with the addition of milk of lime and animal blood, 
about seven gallons of the latter being used for six 
hogsheads of raw sugar. The clarified solution then 
was passed through the bag filters (8) to remove 
suspended impurities and through the bone-black 
filters (7) to remove coloring matter. The clear, 
filtered sirup was then concentrated in a vacuum pan 
(3) to the granulating point when it was emptied into 
the so-called heater (2) and stirred with a mechanical 
agitator until crystallization was complete. The 
magma of crystals was then poured into molds which 
were hoisted to the upper floors of the ‘‘fill-house’’ 
for draining. After the adhering molasses had run off, 
the sugar in the molds was washed with successive 
portions of ‘‘white liquor,” a concentrated sirup of 
refined sugar, in order to remove the last traces of 
color. The white liquor drainings constituted the so- 
called ‘‘drips’’ of which there were various grades. 
When draining was complete the loaves were taken 
from the molds and after cutting off the discolored 
tips, baked to dryness in the stove (12). After leaving 
the stove the loaves were ground in a mill (4) to granu- 
lated sugar, which after filling into barrels was stored 
in the shipping room (5). The various secondary 
processes in this treatment, such as revivifying the 
bone black and working up the drips and molasses, 
must be passed over with a bare mention. 

The enormous refinery ‘‘fill-house’’ with its equip- 
ment of countless molds and draining pots is seen 
from this description to have continued unchanged in 
New York since the time of the first refinery erected 
in 1730 by Nicolas Bayard. This phase of the old 
process of purging and drying involved a most ex- 
travagant waste of space, timte, and labor. In the 
reconstruction period through which the American 
sugar-refining industry passed in the seventies and 
eighties, the ‘‘fill-house’’ was the first thing which had 
to go. This was made possible by the introduction of 
the centrifugal and granulator which performed in a 
few minutes the work that required weeks by the old 
methods. 

The story of the modernization of our American 
sugar-refining industry, with its account of the intro- 
duction of new labor-saving devices and of improved 
processes of manufacture; falls beyond the scope 
of the present paper which has been to describe some 
of the early conditions from which one of the important 
chemical industries of the United States has developed. 

















The CULTURAL, or PANDEMIC, 
CHEMISTRY COURSE after 


SIX YEARS of TRIAL’ 





This paper contains a review of the author’s six years of 
experience teaching a course of the ‘‘pandemic’’ type; i. e., 
one designed for liberal arts students who do not intend to 
elect advanced chemistry courses. Experiments in in- 
struction methods, choice of subject matter, laboratory 
assignments, seminar groups for better students, and the 
problem of the student who decides to take further chemistry 
courses are discussed. The growth of pandemic courses 
in this country is reviewed. 


+++ + + + 


WELVE years ago the author had the pleasant 

experience of assisting the late Professor Boltwood 

teach several small groups of liberal arts students 
in Yale College. These students were preparing for no 
further courses in chemistry so that greater freedom 
was possible in the choice of subject matter than in the 
usual type of elementary chemistry course. This mod- 
est attempt was, as far as the author knows, the first 
toward the goal of a special type of chemistry course for 
the strictly non-professional science student. 

Then in 1926' there appeared in the JOURNAL OF 
CHEMICAL EpDuCATION the pioneer paper on the sub- 
ject of cultural chemistry courses by Professor Bancroft 
of Cornell in which the name ‘‘pandemic”’ chemistry 
was first suggested for this type of course. In the same 
year the author organized a course at Yale to meet this 
need. In the fall of 1928 at the Swampscott meeting 
of the American Chemical Society, this Division held a 
symposium on pandemic chemistry. Here two types of 
courses were suggested; one in which the applications 
of chemistry were to receive major emphasis and an- 
other in which the philosophy of the science was to be 
stressed. Several objections were raised in the dis- 
cussion. Many thought the first type of course too 
easy and the second too difficult. A considerable 
number could see no reason for giving such courses at 
all. 

Six years have passed and during them considerable 
experience has been gained with this type of course. 
The results can now be given where formerly only opin- 
ions could be expressed. During these years several 
textbooks, which have made the task of organizing such 
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courses considerably lighter, have appeared. The 
growth in their number has been surprising. From per- 
haps five at the time of the Swampscott meeting the 
number has grown to at least ninety at the present time. 
These are offered not only at many of the larger uni- 
versities but also at a considerable number of small 
colleges. 

The author’s experience has been exclusively with 
that type of pandemic chemistry course in which the 
philosophy of the science has been the basis of the order 
of presentation of the subject matter.2 The fundamen- 
tal theories of chemistry have been studied in the fol- 
lowing order: first, those of the structure of matter 
from its states to the ultimate electrons and protons 
(or had we better say, negatrons, positrons, and neu- 
trons?); second, the theories of the nature of changes 
in matter and of equilibria; third, the solution theories 
including that of electrolytic dissociation; and, finally, 
‘organic chemistry. When a given theory is to be dis- 
cussed, the experimental evidence, upon which it is 
based, is brought to the student’s attention. The 
theory is then weighed in the light of this evidence and 
its reliability subjected to question. Finally the mani- 
fold applications of the theory to the development of 
natural resources, to the chemical industries, and to the 
daily life of the individual are discussed. Consider as 
an example the theory of electrolytic dissociation. The 
factual evidence for its validity, which includes dis- 
obedience of the solution laws, electrical conductivity of 
solutions of electrolytes, Faraday’s laws of electro- 
deposition, and the nature of reactions between electro- 
lytes, is first discussed. The original Arrhenius theory 
is applied to the explanation of these phenomena. Its 
failure to explain the behavior of strong electrolytes is 
pointed out and the modern extensions of the theory are 
discussed. Then its many applications receive atten- 
tion: e.g., acids, bases, and salts; neutralization, hy- 
drolysis, and precipitation; analytical chemistry; the 
heavy chemical industries and the economic importance 
of such substances as sulfuric and nitric acids, soda ash, 
caustic soda, lime, and ammonia; electrolysis and the 
electrochemical industries; electrochemical cells and 
the problem of corrosion. This method of presentation 
engenders a greater respect for the science of chemistry 
than any recital of its manifold accomplishments only. 





2 Timm, “‘An experiment in chemical education at Yale,” zbid., 
6, 1316 (July-Aug., 1929). 
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The synthetic ammonia process means far more to any 
student after he has studied the effect of temperature 
and pressure changes on equilibria and catalytic action. 
In the reading periods the students are given the choice 
of reporting on one of several chemical industries or on 
some theory which has been discussed. In one of these 
periods over half the class read such books as Edding- 
ton’s ‘“‘Nature of the Physical World’ and Darwin’s 
‘“‘New Conceptions of Matter,’’ whereas a lesser num- 
ber reported on such topics as the petroleum or the iron 
and steel industry. 

One of the most valuable opportunities that a pan- 
demic course offers to the teacher is that of experi- 
menting with a,wide variety of new topics. The ob- 
ligation to cover certain material prerequisite for ad- 
vanced courses has been removed. Some of the topics 
used may seem too difficult to those who have not tried 
teaching them, perhaps because they are normally 
discussed with graduate students only. However, upon 
attempting to teach them they have appeared to the 
students no more difficult than such an old favorite as 
Dalton’s atomic theory. For example, no one can deny 
the great importance of the quantum theory to modern 
physical chemistry. Yet few teachers of elementary 
chemistry have found time to discuss its importance 
with their students. Many believe it to be too diffi- 
cult a concept to be attempted. The author has found 
that the simpler aspects of the corpuscular and the 
wave theories of both energy and matter can be under- 
stood by the average liberal arts student and that they 
have a greater cultural value than a discussion of, for 
example, solubility product or a city gas plant. 

The cost of giving such a course is of interest es- 
pecially at this time of reduced departmental budgets. 
Since it makes possible a segregation of the liberal arts 
from the science students, the former can be handled in 
large lecture sections because individual drilling and 
quizzing are unnecessary. The author meets nearly 
three hundred men three times a week in two lecture 
sections. With assistance in grading the ten-minute 
papers, which are given weekly, and the reading period 
reports this number of men can be handled efficiently. 
Perhaps the best distribution of time from the student’s 
viewpoint would be two lectures weekly to large sections 
and a third period devoted to discussion in which small 
groups meet under an instructor. 

The laboratory may well be made optional or not be 
offered at all. It has been the author’s experience that 
the majority of liberal arts students find chemistry 
laboratory work distasteful. Deplorable though this 
attitude may be, the fact must be faced that it results in 
the almost complete failure of such students to benefit 
by their laboratory experience. At Yale some 40 out of 
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300 students elect the optional laboratory course. Inso 
far as possible the policy has been to assign a simple 
problem for each exercise and to allow the student to 
work out the details of the experimental procedure for 
its solution. For example, when electrochemical cells 
are to be investigated, each student is given some eight 
electrodes of different metals, a choice of solid salts of 
these metals, a porous cup, anda voltmeter. He is told 
to make up cells of different pairs of metals, to vary the 
concentration of the electrolytes in each side of his 
cells, to measure the electromotive force in each case, 
and finally to explain his results. Problems of this sort 
avoid the usual “‘cook-book’”’ type of directions. 

For the past two years we have been experimenting 
with seminar groups of better students who are willing 
to do extra work with no additional credit. The results 
have been most gratifying. A topic is selected and the 
material is divided between two students. Each pre- 
pares a half-hour paper which he presents before the 
group. Such topics as modern methods used to dis- 
cover new elements, the detection of an isotope of hy- 
drogen, methods of investigating the structure of alloys, 
X-rays and crystal structure, the hormone, insulin, and 
many others have been discussed. 

Two reasons perhaps more than others have dis- 
suaded many elementary chemistry teachers from or- 
ganizing a pandemic course. On the one hand they 
believe that such a course must necessarily be made less 
difficult than the traditional type, and on the other 
they do not know how to solve the problem of taking 
care of the student who becomes so enthusiastic about 
chemistry that he changes his mind and decides to take 
advanced courses. The pandemic course can be made 
as difficult as the instructor cares to make it. Such 
topics as the use of X-rays to determine crystal struc- 
ture, the photoelectric effect as a proof of the validity 
of the quantum theory, the origin of spectra, electron 
diffraction by crystals, and the modern theories of the 
behavior of electrolytes in solution are in no sense easy. 
But if interest be maintained by illustrations of their 
philosophic or practical importance, they are not be- 
yond the powers of the average liberal arts student. 
The problem of the student who decides to go on with 
chemistry after taking a pandemic course has been 
exaggerated. If at the outset all students who have 
any doubts as to their field of major interest are sent 
into the regular elementary course, only very infre- 
quently will such cases arise. When they do, the 
ability of the student must decide whether he is to be 
permitted to go on. With a background of sound 
fundamental theory, the superior student can be safely 
allowed to take advanced courses. The inferior student 
should not be permitted to do so. 





THE photograph of the van’t Hoff panel which appeared on the frontispiece page of the June JOURNAL 
should have been credited to Dr. Avery A. Ashdown, though it came to us through Dr. Newell’s 


hands. 


We are indebted to Dr. Tenney L. Davis for the information that the bronze 


plaquette bearing van’t Hoff’s likeness is a reduced replica of a marble bas- 
relief in the corridor of the van’t Hoff Laboratorium at Utrecht. 











A study of the facts of inorganic chemistry in their rela- 
tion to atomic structure leads to the conclusion that there 
can be but two fundamental chemical properties. By 
means of these properties, activity and basicity, the many 
apparently unrelated facts of inorganic chemistry are 
resolved into a systematic whole, thus making possible 
the correlation of facts and the prediction of new facts. 
Activity and basicity, as they relate the elements to each 
other, are shown in the accompanying periodic classifica- 
tion of the elements. 


~+ oe + + + 


HE facts of inorganic chemistry are of funda- 
mental importance to the chemist even though 
- his special field of interest may lie in some other 
branch of the subject. These facts, however, are volu- 
minous and are too often learned only to be forgotten 
by the workers not directly concerned with them. 
With sufficient a priori interest, the student of inorganic 
chemistry will search out and master the facts for 
his own sake. Even such a student, however, will 
find greater pleasure in his search if the facts can be 
brought into some scheme which would make possible 
the verification of a law or the testing of a theory. 
The facts of inorganic chemistry lend themselves most 
admirably to such a correlation when considered from 
the standpoint of the periodic law and the structure of 
atoms. 

By a consideration of atomic structure in its relation 
to the properties of the elements, the atom may be 
considered as composed of three essential parts, viz., 
a nucleus, extranuclear electrons in stable equilibrium, 
and valence electrons. Since the nucleus increases in 
mass and density with increasing atomic number, any 
influence which it may have on the properties of the 
element will express itself in a gradual change from 
one element to the next. On the other hand, the stable 
extranuclear electrons exhibit in the different elements 
a periodic arrangement which must account for much of 
the distinction between Division A and Division B 
elements. The valence electrons not only show a defi- 
nite distinction between the two divisions but exhibit 
a well-defined periodicity within each division. The 
elements of Group VIII exhibit transitional character- 
istics in both their stable electron grouping and valence 
electrons. If we consider these facts in their relation 
to chemical change and observed properties of the ele- 
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ments, the following postulates may be made. While 
the truth of some of them may not at once be evident, 
it is believed that they are sound in principle and that 
they contain the fundamental principles underlying 
chemical change. 


1. Atoms must either lose, share, or gain electrons 
when they enter into chemical combination. 

2. The extranuclear electronic arrangement in the 
atoms of the different elements tends to assume that 
of the preceding or following rare gas, the tendency 
being inversely proportional to the change neces- 
sary to effect that form. Because of the relatively 
stable shell of eighteen electrons formed during 
the process of building a new quantum number or 
stable shell of eight electrons, two corollaries to this 
postulate become evident: 

(a) When the outermost stable shell contains eight 
electrons, the tendency to lose valence elec- 
trons increases with increasing number of 
shells and with decreasing number of valence 
electrons. 

(6) When the outermost stable shell contains 
eighteen electrons, the tendency to change the 
composition of the valence electron shell de- 
creases with increasing number of shells and 
with decreasing number of valence electrons. 

3. An atom in chemical combination tends more 
strongly to retain its own and any acquired elec- 
trons the greater the number of valence electrons 
involved, the greater the number of electrons in 
the outer stable shell, and the smaller the number 
of electron shells. 


From a consideration of the above postulates, one is 
led to the conclusion that there can be but two funda- 
mental chemical properties. These may well be called 
by the already familiar names, activity and basicity. 
The activity of an element may be defined as the ten- 
dency of its valence electrons to form a more stable 
grouping than is found in the free element. This 
is accomplished by giving up some or all of its valence 
electrons or by acquiring additional electrons from an 
outside source. Which of these an element will do 
depends not only on the arrangement and number of 
valence electrons but on the mass of the nucleus and 
the nature of the grouping of stable electrons. The 
arrangement of valence electrons divides them into two 
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classes according to whether they occupy positions in the 
outer shell or quantum number or find a place in an 
unfilled subgroup of a lower quantum number. It 
follows, therefore, that there should be a more or 
less definite relation between the activity of an element 
and its position in the periodic table. The principle 
governing this relationship is stated in postulate 2. 
Since the activity of an element is a measure of the 
tendency of its atoms to lose or gain electrons, it fol- 
lows that all chemical properties involving a transfer 
of electrons result from the activities of the elements 
involved. These include all combination and decom- 
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tion. It determines in large measure the nature of 
compounds and the stability of acids, bases, and salts. 
Perhaps the most outstanding and easily recognized 
specific chemical properties depending on basicity are 
those resulting from the character of the hydroxide. 
Whether it reacts as a base, as an acid, or is amphoteric 
is directly dependent on the basicity of the element. 
The nature of the reaction of halides in contact with 
water is also recognized as depending on the basicity 
of the elements involved. 

Somewhat less generally associated with basicity is 
the nature and stability of other salts. It is a well- 








PERIODIC CLASSIFICATION OF THE ELEMENTS. 
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INCREASING ACTIVITY: —> 


LEGEND: 


position reactions involving elements in the free state 
as well as all displacement and oxidation-reduction 
reactions. Such specific chemical properties, therefore, 
as the formation of binary compounds by direct union 
of the elements and the displacement of elements from 
their compounds as represented in the electrochemical 
series or in metallurgical processes are directly depen- 
dent on the activity of the elements involved. In like 
manner the resistance of compounds to the action of 
reducing or oxidizing agents, the tendency of an element 
to occur free in nature, and many of the uses to which 
elements are put are also governed by their activity. 
Basicity, the other fundamental chemical property, 
is defined by postulate 3. It is the tendency of an ele- 
ment in combination to exist as a simple positive ion. 
It results from the selective nature of ‘the valence 
sphere and is shown in the positive and negative char- 
acteristics exhibited by elements in chemical combina- 


INCREASING BasIcITY: #—>- 


known fact that oxides do not readily dissociate into 
ions. It would be expected, therefore, that the reac- 
tivity of oxides to form acids, bases, or salts should be 
a function of basicity. It is a familiar fact that oxides 
of the more basic elements react readily with water or 
with acids or acid anhydrides to form compounds that 
are highly ionizable, thus enabling them to exist as 
simple positive ions. In like manner, the decomposi- 
tion temperatures of hydroxides are inversely propor- 
tional to the basicities of the elements involved. The 
hydrolytic action of water on salts and the stability of 
salts under the influence of heat must also be governed 
by this fundamental property, since in both cases less 
highly ionizable compounds are formed. From this 
it follows that the number and kinds of normal salts, 
and the tendency to form basic salts, complex ions, 
and double salts are functions of basicity. It appears, 
therefore, that all specific chemical properties involving 
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change of composition without change of valence are 
determined chiefly by the basicity of the elements con- 
cerned. That there should be a more or less definite 
relationship between the basicity of an element and 
its position in the table is shown in postulate 3. 

From a purely theoretical standpoint, therefore, 
it is evident that most of the facts of inorganic chemistry 
result from the two fundamental properties, activity 
and basicity. Equilibrium reactions involving the 
law of mass action, however, appear to be influenced 
but little by these fundamental properties except in 
so far as they form the reason for a shift of equilibrium. 
By the use of these three fundamental principles, 
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therefore, the facts of inorganic chemistry may be re- 
solved into a systematic whole whose many and various 
parts bear a clearly defined relationship to each other. 
Numerous critical studies involving the relationship of 
atomic structure to observed properties have shown an 
almost complete agreement between theory and fact. 
The student finds in this agreement a basis for the 
correlation of his facts and a means of predicting 
properties and reactions unknown to him. 

The two fundamental properties, activity and ba- 
sicity, as they relate the elements to each other may be 
shown in graphic form as indicated in the accompanying 
periodic classification of the elements. 





UNDERGRADUATE ORGANIC 
LABORATORY CHEMISTRY 


IT. The Laboratory Course 
E. F. DEGERING 


Purdue University, Lafayette, Indiana 


Suggestions are given for closer correlation between 
theory and practice. This is achieved in part by re- 
quiring the student to present, at the beginning of the 
laboratory period, an equation outline covering the general 
topic under consideration. A list of experiments with 
costs for a hundred students is included. 


++ + + + + 


OES the average undergraduate come to the 

laboratory with little or no theoretical knowl- 

edge of what he is going to do, go through a 
seemingly mysterious set of exercises in a dismal way, 
and leave the laboratory with somewhat less than a 
hazy concept of what he has done? This depends, no 
doubt, on a number of factors; the number and type 
of students in the course, the manner of conducting 
the course, the correlation between lecture and labo- 
ratory, the type of experiments performed, the manual 
used, the number and type of assistants required, and 
the instructor in charge of the course. But the ex- 
perience and observations of the author have tended 
toward an affirmative answer to the above inquiry in 
a number of instances. 

To counteract this tendency and to conserve chemi- 
cals and supplies, it was thought advisable to try a 
somewhat new method of laboratory instruction in 
which there is a closer correlation between theory and 
practice. This seemed most readily accomplished 
by alternating assignments for the first few weeks of 


each semester between the library and the laboratory. 
Hence the course was outlined so that during the first 
few weeks of the semester, the student spends pre- 
liminary periods in the library obtaining all the in- 
formation he can on the general types of procedures 
he is to carry out at the subsequent laboratory period. 

Having completed his first library assignment during 
the first regular laboratory period, the student reports 
at the beginning of the second laboratory period to 
carry out the experiment upon which he has informed 
himself. At this time he presents in his notebook a 
complete outline of his findings, together with a com- 
plete condensed procedure for the specific exercises 
that are to be performed. A brief written quiz over the 
subject matter serves as a check on the thoroughness 
of the preparation. Then a few minutes of discussion, 
accompanied by a demonstration on the handling and 
manipulation of unfamiliar apparatus, serves to clarify 
any hazy concepts. The student is then ready to 
proceed with his assignment in the laboratory. 

Aside from serving to acquaint the student with his 
subject, and to conserve chemicals and supplies, the 
fundamental use of’ the library as the first step in any 
project is thus emphasized. Too frequently much time 
is wasted by failure on the part of the investigator to 
make a thorough search of the literature before for- 
mulating his plan of attack. The student also acquires 
practical training in the use of the library as a step in 
the solution of a particular problem. 
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Furthermore, laboratory experiments are usually 
limited to one or two of a given type. But the library 
affords one the opportunity to acquaint himself with 
all that the general subject under consideration has to 
offer. To illustrate, consider the topic ‘‘Purification of 
Organic Liquids.’’ Most manuals give experiments 
illustrating distillation and extraction, with perhaps 
one or two other methods. Assigned nothing but 
these experiments in his laboratory manual, the student 
performs the experiments assigned and feels that he is 
somewhat familiar with the subject. As a matter of 
fact he has a very narrow view of the topic under 
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Decantation, applicable to the separation of immiscible 
liquids with different densities. 

Dialysis, used in the removal of colloidal material from 
the mother liquor. 

Drying, as acetone by anhydrous calcium chloride. 

Extraction, as in the use of ether, chloroform, etc., for 
liquids which are much more soluble in them than in 
water. 

Filtration, for the removal of undesirable solids. 

Formation and decomposition of derivatives as acetalde- 
hyde from acetaldehyde ammonia. 

Freezing, readily applicable to the purification of certain 
liquids with a suitable freezing point, as benzene. 

10. Salting out, as in the recovery of ether from an aqueous 

solution. 
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PAGES FROM THE NOTEBOOK OF THOMAS B. BAUER 
Showing the preliminary work on the left-hand page (Part A) and the laboratory work on the right-hand page 


(Part B). 


consideration. Assigned to the library, with proper 
references at his disposal, the student may present an 
outline in his notebook similar to the following: 


Purification of Organic Liquids 
1. Distillation. 
a. Ordinary, as ether from metallic sodium under 
anhydrous conditions. 
b. Fractional, as in the separation of acetone from 
water. 
c. Steam, as in the preparation of chloroform from 
acetone and bleaching powder. 
d. Vacuum, applicable for unstable or high-boiling 
liquids. ‘ 
2. Decolorization, by boiling with some type of adsorbent, 
as activated charcoal. 


Undoubtedly the preparation and appreciation of the 
material covered in the above outline has better ac- 
quainted the student with the topic than an equivalent 
amount of time spent in the laboratory would have 
done. But with such a command of his subject at 
hand, a period spent in the laboratory now becomes of 
real value to the student in exemplifying his theoretical 
background. Having completed the experiment in the 
laboratory in correlation with the library assignment, 
the student’ is undoubtedly better versed in the subject 
under consideration than he would have been had he 
spent the full time in the laboratory with little or no 
theoretical foundation. The choice lies, it would seem, 
between one thing well done and two things poorly done. 
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After the first few weeks of each semester, the more 
general topics are completed. The subsequent experi- 
ments cover more restricted topics with less general 
diversification of methods and procedures, hence the 
outside reading assignments are more closely correlated 
with the general theory and require less time in prepa- 
ration. During the rest of the semester the reading 
assignments are merely supplementary to the regular 
laboratory work. But in order that this may take a 
definite form and actually require some thought on 
the part of the student, the experiments are divided 
into two parts, as 12A and 12B. For mere convenience, 
{2A is always placed on the left-hand page of the note- 
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he is making use of but one of the several possible 


procedures. 
The outline adopted for the first semester of 1932-33, 


together with chemical costs per one hundred students 
per experiment, is as follows: 


Experiment Cost 


Purification of organic solids (Libr.) 

Purification of organic solids (Lab.) 
a. Decolorization and fractional crystallization 
b. Sublimation 

Determination of purity of organic solids (Libr.) 

4. Determination of purity of organic solids by 

their melting points, and the calibration 
of a thermometer 


0.55 


(Lab.) 
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book, and consists of an equation outline of the general 
topic under consideration. Suppose the topic for 12A 
is ‘Alcohols.’ The occurrence, preparation, chemical 
properties, and uses of alcohols, in general equation 
form, as far as possible, appear on the left-hand page of 
the student’s notebook when he reports to the labo- 
ratory. The names of the organic products are placed 
to the right of the equations. The student then places 
the record of the specific experiments on aldehydes on 
the right-hand page, just opposite the general equation 
outline. In this way he has definitely before him a 
comparison between theory and practice. This serves 
to familiarize the student with the chemistry of his 
topic, and at the same time causes him to realize that 


5. Purification of organic liquids (Libr.) 
6. Purification of organic liquids by fractional 
distillation 
Determination of purity of organic liquids 
Determination of purity of organic liquids 
by their boiling points, and the calibra- 
tion of a thermometer 
Identification of organic compounds 
Qualitative organic analysis—identification 
of the constituents of a ‘‘known’’ and 
“unknown” 
Qualitative organic 
work on ‘“‘unknowns”’ 
Saturated hydrocarbons 
Preparation and properties of methane— 
complete ‘‘unknowns”’ from Exp. 1i 
Olefine hydrocarbons 


(Lab.) 
(Libr.) 


(Lab.) 
(Libr.) 


(Lab.) 
analysis—continue 
(Lab.) 
(Libr.) 


(Lab.) 
(Libr.) 
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13B. Preparation and properties of ethylene— 
make set-up at this period for the prepara- 
tion of ethylene dibromide 
Organic halides 
Preparation and properties of ethylene 
dibromide 
Acetylene hydrocarbons 
Preparation and properties of acetylene 
Alcohols 
Properties of alcohols 
Ethers 
17B. Preparation and properties of ethyl ether 
18A. Aldehydes 
. Preparation and properties of formalde- 
hyde 
. Ketones 
Preparation and properties of acetone 
. Acids 
Preparation and properties of formic acid 
. Esters 
. Preparation of ethyl acetate 
. Soaps 
. Preparation and properties of soap 
. Acid halides 
. Preparation and properties of acetyl chlo- 
ride—use */,; amounts called for in di- 
rections 
. Acid anhydrides 
Preparation and properties of acetic 
anhydride—use acetyl chloride from 
23B 
. Acid amides 
Preparation and properties of acetamide— 
use acetic anhydride from 24B 
. Amines 
Preparation and properties of methyl- 


(Lab.) 
14A. (Libr.) 
14B. 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 


15A. 
15B. 
16A. 
16B. 
Via: 


(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 
(Lab.) 
(Libr.) 


(Lab.) 
(Libr.) 


(Lab.) 
(Libr.) 


(Lab.) 
(Libr.) 
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amine—use one-half of the acetamide 
from 25B 

Cyanides 

Preparation and properties of methyl 
cyanide—use one-half of the acetamide 
from 25B 

Hydroxy acids 

Properties of hydroxy acids 

Carbohydrates 

Properties of the carbohydrates 

Cellulose 

Properties of cellulose 

Proteins 

Reactions of proteins 

Alkaloids - 

Preparation of caffein 


(Lab.) 12.48 
27A. (Libr.) 


27B. 


(Lab.) 6. 
(Libr.) 
(Lab.) 5. 
(Libr.) 
(Zab.) 17.5 
(Libr.) 
(Lab.) 9. 
(Libr.) 
(Lab.) 8. 
(Libr.) 
(Lab.) 7.7 


28A. 
28B. 
294A. 
29B. 
30A. 
30B. 
31A. 
31B. 
832A. 
32B. 

These selections were made on the basis of (a) the 
type of the experiment and (bd) the relative cost in- 
volved in performing it. As a result of this selection 
the average cost per experiment per student is only 
about five cents. This in itself is some justification for 
the system adopted. However, this is not intended 
as a stereotyped course, but merely as representative 
of a semester’s work. In a later paper the topic of 
“Diversification in Laboratory Organic Chemistry” 
will be considered. 

As stated at the outset, this method of conducting 
a laboratory is in the experimental stage in so far as 
this report is concerned, but the results so far are 
gratifying and the indications are that the same or a 
similar method with respect to laboratory instruction 
will be continued. 





SIMPLE GAS GENERATOR 


D. IRVINE WALKER 


Grinnell College, Grinnell, Iowa 


N RECOGNITION of the need for a compact, ef- 
ficient, and inexpensive gas generator to be used 
by the individual at the laboratory desk or by the 
instructor at the lecture desk, I offer the following speci- 
fications for one that complies with these standards. 
It may be used for generating CO2, H2S, He, C2H., etc. 
The generator may be made in a few minutes. The 
bottom of a 5/3” test-tube (C) is perforated and two 
holes are made in the sides, one about one-third and 
the other about two-thirds of the way from the bottom 
(x and y). This tube is fitted with a one-hole rubber 
stopper containing a right-angle tube, preferably fitted 
with a stopcock. The end is cut off a 1” test-tube (B). 
This is also fitted with a rubber stopper having a hole 
into which the test-tube (C) fits tightly. The whole of 
this apparatus (B and C) is fitted into a wide-mouthed 
bottle with a rubber stopper having an additional small 
hole for the purpose of admitting air. 
To charge the apparatus, the acid or liquid used is 


placed in the wide-mouthed 
bottle (A) so that it 
comes just above the hole 
(y). The small test-tube 
(C) is then taken out and 
charged with the metal or 
compound necessary for the 
evolution of the desired 
gas. 

When the stopcock is 
opened the acid or liquid 
rises in (B) and (C) and 
reacts with the substance 
in (C) to generate the gas. 
When the stopcock is closed, 
the gas continues to evolve 
until the pressure developed 
forces the liquid below (C) 
in (B). 







































The differences beiween the so-called American and 
European conventions as to the signs of the electrode po- 
tentials, and of the electromotive force of a voltaic cell are 
illustrated and compared. 

+++ + + + 


TUDENTS of physical chemistry are always con- 
fused by the two apparently contradictory con- 
ventions as to sign of (a) the electrode potentials 

and (b) the electromotive force of a voltaic cell. This 
is the case especially when a student has had two 





American 


American Chemical Society; Lewis and Randall; Taylor; 

MacDougall. 

(1) Positive electricity passes eft to right through the cell. 

(2) The electrode reactions are written as oxidations. 

(3) If the electrode reaction is an oxidation, its electrode potential 
is given a positive sign; if it is a reduction, the electrode po- 
tential is given a negative sign. 

(4) The cell reaction is obtained by subtracting the cathode 
reaction from the anode reaction. 

(5) E= x, - Ep 

— -" RT 

(6)A = A - nF In a. 

(7) E > 0 means that the positive current passes left to right 
through the cell as written. 

(8) Example, the cell: 

Zn(s), Zn++(a = 0.1 m), Cutt+(a = 0.01 m) Cu(s). 
Anode reaction, 
Zn(s) + 2 B—> Znt+(a = 0.1 m) 
Cathode reaction, 
Cu(s) + 2 ®@B—> Cutt(a = 0.01 m) 
Cell reaction, 
Zn(s) + Cutt(a = 0.01 m) —> Cu(s) + Zntt (a = 
0.1 m) 
Normal electrode potentials referred to the standard hydro- 
gen half-cell, 
H.(g. a. = 1 atm.), H+ (a = 1 m) 
Zn(s), Zn++ (a = 1m), E = +0.758 
Cu(s), Cut*+ (a = 1m), E = —0.345 


a°pasr.... 


E, = 0.758 — we log 0.1 


0.788 

—0.345 — — log 0.01 
—0.286 
0.788 — (—0.286) 
1.074 V 

eed 


E, 
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ELECTROMOTIVE FORCE of 
VOLTAIC CELLS—CONVEN- 


R. C. CANTELO 


University of Cincinnati, Cincinnati, Ohio 


CONVENTIONS 


TIONS as to SIGN 


“courses” under different instructors each of whom 
uses a different convention. 

It is the purpose of this note to illustrate the differ- 
ences between the so-called American and European 
conventions. The derivation of the expressions used 
may be found in textbooks of physical chemistry.? 





1 For example, MACDOUGALL, ‘‘Thermodynamics and chem- 
istry,’’ 2nd ed., John Wiley and Sons, Inc., New York City, 1926, 
chap. 17; THompson, ‘‘Theoretical and applied electrochem- 
istry,’”’ rev. ed., The Macmillan Co., New York City, 1925, 
chap. 5. 









European 


American Electrochemical Society; Creighton; Thompson; 

McLewis; European Chemical Societies. 

(1) Positive electricity passes right to left through the cell. 

(2) The electrode reactions are written as oxidations. 

(3) If the electrode reaction is an oxidation, its electrode poten- 
tial is given a negative sign; if it is a reduction, the electrode 
potential is given a positive sign. 

(4) The cell reaction is obtained by subtracting the cathode 
reaction from the anode reaction. 

(5) E=£, - E, 

~ RI. @tp@r:.... 

Oh te ea 

(7) E > O means that the positive current passes right to left 
through the cell as written. 

(8) Example, the cell: 

Zn(s), Zn*+* (a = 0.1 m), Cutt (a2 = 0.01 m), Cu(s). 
Anode reaction, 
Zn(s) + 2 @B—> Zn*+t (a = 0.1 m) 
Cathode reaction, 
Cu(s) + 2 ®B—> Cutt (a = 0.01 m) 
Cell reaction, 
Zn(s) + Cut*+ (a = 0.01 m) —> Cu(s) + Znt*+ (a = 
0.1 m) 
Normal electrode potentials referred to the standard hydro- 
gen half-cell, 
H, (g. a. = latm.), Ht(a = 
Zn(s), Zn*++ (a = 1m), E = —0.758 


Cu(s), Cutt (a = 1m), E = +0.345 
EB, = —0:758 + sat log 0.1 

= —0.788 
Ey = 0.345 + ne log 0.01 







= —0.788 — (+0,286) 
= —1.074V 












DEMONSTRATION of the 


SOLVAY PROCESS 


A. W. HOOTON 


University of Washington, Seattle, Washington 


HE purpose of this experiment is to produce 

sodium carbonate in the laboratory in a manner 

similar to that used in industry. Since there is 
little material in the literature concerning the Solvay 
process, the experiment should be of interest to the 
student in beginning chemistry. The operation of the 
Solvay tower is an excellent example of counter-current 
absorption and of complex solution. The apparatus 
for the experiment may be made at small cost and it 
includes the chief essentials of the industrial method. 
If it is constructed carefully and operated as described 
a good yield will result. 

The demonstration apparatus shown in the drawing 
is an approximation of the commercial equipment, and 
is made from ordinary laboratory materials. It em- 
bodies the three main features of the commercial plan, 
namely: brine storage, ammonia absorber, and car- 
bonating column. A separatory funnel, A, is connected 
to a two-hole cork in the top of the first condenser at 
B. One hole is left open to provide for the escape of 
excess gases. 


Cooling water flows through the jacket 








of the first condenser, C. This condenser is connected, 
by means of a piece of rubber tubing, to a condenser 
water jacket, designated as D. The water jacket is 
filled with glass tubing, cut into pieces about one inch 
long. The upper open- 
ing of the water jacket 
is connected to a sup- 
ply of ammonia, and 
the lower opening to 
a supply of carbon 
dioxide. The opening 
a at the bottom of the 
eet water jacket, E, is 


A Brine 


Waste Gas Out 


fitted with a cork in 

which there is a short 

piece of glass tubing. 

A beaker receives the 

liquor and precipitate 
as they come through. 
A small amount of 
water (enough to reach 
the bottom of the glass 
tubing) is placed in 
the beaker to prevent 
leakage of gas at this 
point. 

A saturated salt so- 
lution is placed in the 
separatory funnel and 
allowed to drip slowly 
into the column. The 
ammonia gas, which is led into the upper tube of 
the lower jacket, saturates the brine in the upper con- 
denser. The ammonia may, be obtained by boiling 
ordinary concentrated ammonium hydroxide solution. 
Carbon dioxide, led into the lower tube of the lower 
condenser, saturates the ammoniated brine as it trickles 
down over the bits of glass tubing. Carbon dioxide 
may be supplied by the action of hydrochloric acid on 
marble chips or from a tank of compressed gas. The 
effluent liquor is allowed to stand for a short time, after 
which it is filtered by suction. The precipitate is 
heated in an iron pan or porcelain evaporating dish to 
volatilize any ammonium carbonate present and to 
calcine the sodium bicarbonate to sodium carbonate. 

In case it is not desirable to take quite so much 
trouble with the experiment, the salt may be dissolved 
in concentrated ammonium hydroxide instead of in 
water. The ammonia inlet may be closed up by means 
of a short piece of rubber tubing and a pinch-cock. 


Water In _e= = 








WH; la 5) 


Short Freces of 
D V4 Glass Tubing 
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SIMPLE PHASE 


EQUILIBRIUM EXPERIMENT 


H. S. VAN KLOOSTER 


Rensselaer Polytechnic Institute, Troy, New York 


N DEALING with phase equilibria (either liquid- 

liquid, liquid-solid, or solid-solid) in condensed 

systems of two components, which are present in a 
given proportion by weight, it is necessary to know, at 
the temperature of the experiment: (1) the composi- 
tion of each of the two phases and (2) the relative quan- 
tities of these phases. These compositions have to 
be established by analysis, after which it is a simple 
matter to indicate the relative weights of the two 
phases. 

Since the equilibrium at a stated temperature is 
most readily established in the case of two liquid phases, 
the writer has used, for a 
number of years, the fol- 
lowing arrangement for 
showing the phase equi- 
librium—at room temper- 
ature—in the binary 


system water-ether (Fig- 


ure 1). A flat-bottomed 
flask of about 240-cc. 
capacity is sealed, by 
means of a graduated 
tube (part of an old 
buret) measuring about 
20 cc., to a round bulb 
of 100-cc. capacity fitted 
with a graduated neck 
closed by a tight-fitting 
stopper. 

A measured volume of 
water, say 240 cc., which 
fills the flask completely 
to the mark a, is intro- " 
duced. Next a volume mice 
of 130 cc. of anhydrous 
ether colored yellow by an organic dye insoluble in 
water (butter yellow, for instance) is carefully added 
so that it fills the stem to the mark } about 5 cm. above 
the top of the bulb. 

If W (Figure 1) represents 100% water and E 100% 
ether, the composition of the system is indicated by 
the point S, the ratio of the relative quantities of ether 
and water being SW: SE = (130 X 0.716) :(240 K 1) = 
27.9:78.1. The specific gravity of water is assumed to 
be 1 while that of ether is 0.716. 

Now these two phases, although at the same tem- 
perature, are not in equilibrium. Shaking, however, 
will readily bring about a state of equilibrium. Turn- 








Ppp 








ing the apparatus upside down and shaking the contents 
gently for half a minute (care being used not to warm 
the liquids) will displace the boundary several cm. up- 
ward, until after three or four consecutive manipula- 
tions a stationary position of the boundary is attained 
(mark c), indicating an increase of approximately 17 
cc. in the volume of the bottom layer. The total vol- 
ume has decreased by about 3 cc. (mark d) so that the 
top layer occupies a volume of 110 cc., a decrease of 
20 cc. when compared with the original volume of 130 
cc. for the anhydrous ether. By. withdrawing with a 
pipet about 20 cc. of the top layer, its specific gravity 
can be readily ascertained with a Westphal balance as 
being 0.72. Withdrawal of a sample of the bottom 
layer with the aid of a pipet having a long, narrow stem 
enables us to determine the specific gravity of the 
aqueous layer as being 0.99. The relative quantities 
of the two equilibrium phases are, therefore, in the ratio 
of SW’:SE’ = (110 X 0.72):(257 X 0.99) = 23.7:76.3. 
To establish the location of W’ (water dissolves 7% 
ether at room temperature) and E’ (ether dissolves 1% 
water at room temperature), quantitative analysis of 
the two layers would be necessary. 

Qualitatively one can readily show the presence of 
ether in the bottom layer by boiling some of the aqueous 
layer in a small 125-cc. Erlenmeyer flask provided with 
a wide glass tube about 50 cm. long. The first vapor 
escaping from the tube is pure ether and can be ignited. 
This affords an illustration of the principle of separating 
the constituents of a liquid phase by fractional distilla- 
tion. The presence of water in the top layer is demon- 
strated by adding, first, 10 cc. of carbon disulfide (or 
carbon tetrachloride) to an equal volume of anhydrous 
ether, when a clear solution results. Addition of carbon 
disulfide (or carbon tetrachloride) to 10 cc. of the 
ethereal top layer will produce a cloudy liquid due to 
the separation of another liquid phase. 

The apparatus* sketched herewith can also be 
satisfactorily used to demonstrate the relative decrease 
in solubility of one solvent in another by the addition 
of a solid, easily soluble in one of the two solvents. 
Nernst,! in 1890, found that the relative lowering of the 
solubility of a solvent (e. g., ether) in a second solvent 
(e. g., water) due to the addition of a third substance 
(e. g., naphthalene) is equal to the number of dissolved 
molecules of the added solute divided by the number of 


* Made for the author by H. A. Wayringer, 10 Frank St., 


Schenectady, N. Y. 
1 Nernst, Z. physik. Chem., 6, 16 (1890). 
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molecules of the solvent (ether). This principle has 
been worked out by Kiister? and by Tolloczko* in a 
procedure for the determination of molecular weights. 
The last-named author used apparatus similar to that 
sketched in the accompanying diagram. In carrying 
out this second experiment, one introduces, successively, 


2 Kuster, Ber., 27, 324 (1894). 
3 ToLLoczko, Z. phystk. Chem., 20, 389 (1896). 
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equal weights of naphthalene (say 0.25 g.) into the flask.* 
Each time, after vigorous shaking, the boundary is 
displaced downward for about the same number of 
scale divisions, showing that the addition of the solid 
causes a decrease in the solubility of ether in water 
proportional to the weight of the dissolved substance. 


4Van Ktooster, “Lecture experiments in physical chemis- 
try,” 2nd ed., Chemical Publishing Co., Easton, Pa., 1925, p. 145. 





VALUABLE BY-PRODUCTS of 
QUALITATIVE CHEMI- 


CAL ANALYSES 


G. G. TOWN 


The University of Wisconsin, University Extension Division, Milwaukee, Wisconsin 


Teaching qualitative chemical analysis merely to 
develop analytical skill is not justified in courses con- 
taining both professional chemistry students and those 
taking chemistry for its cultural value alone. However, 
af qualitative chemical analysis has as its objective an 
organized presentation of the properties of certain com- 
pounds and their practical use based on these properties, 
it may be made to make a real contribution to a well- 
rounded education. This change in objective will also 
enhance the value of the course for the professional chemis- 
try student. 

++ oe oor 


N THESE days of economy we are forced to reduce 
the number of courses in general chemistry and 
include those students who are taking chemistry 

for its cultural value with those who are taking chemis- 
try as a professional or as a pre-professional subject. 
In many schools qualitative chemical analysis makes 
up the major portion of the laboratory work for the 
second semester of the freshman year. Unless we can 
show many benefits that overshadow the value of 
teaching analysis as a skill we are not justified in re- 
quiring qualitative chemical analysis of the student 
who is taking chemistry for its cultural value alone. 

If we will direct our efforts toward stressing the philo- 
sophical aspects of chemistry we can readily find ade- 
quate justification for teaching qualitative chemical 
analysis as the laboratory work in the second semester 
of the freshman year. This point of view need not 
detract from the value of the work as a technical 
training for the needed laws and theories gre as essential 
for one as for the other. 

If we will start out with the objective that qualitative 


chemical analysis is an organized presentation of some 
of the properties of some of the compounds of the 
elements, then we can point out how these properties 
may be of value in solving many of the problems that 
will be presented to our students during their future 
lives. As a natural consequence of studying these 
properties in an organized manner the chemistry 
student will learn the principles of analysis. In 
presenting our theories as to why we think certain 
phenomenon occur we are providing the cultural 
student with working tools of real value that will be 
an essential contribution toward a well-balanced educa- 
tion. 

If we will pass the metals in review as they are sepa- 
rated in qualitative chemical analysis many properties 
of their compounds appear that are of immediate prac- 
tical value. 

In the analysis of the silver group the student learns 
that silver and insoluble silver compounds may be 
brought into solution by certain solvents such as nitric 
acid, aqueous ammonia, or potassium cyanide solution. 
In explaining why these reagents affect the solution 
of the insoluble silver compounds we will naturally 
discuss the solubility-product principle and certain 
methods of shifting equilibrium. At the same time 
we may stop to point out that by choosing a reagent 
from the above list, that will not injure cloth, the 
student will have a spot remover for silver stains that 
may be produced from one of the many modern silver 
antiseptics. The insolubility of the silver halides will 
point out one reason why the halides are used in place 
of other silver compounds in photography. The insolu- 
bility of mercurous chloride as compared to the solu- 
bility of mercuric chloride may be pointed out as one 
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of the reasons why calomel may be used as a liver 
stimulant while the more soluble corrosive sublimate 
is a deadly poison. 

In the copper arsenic group the solvent action of 
hydrochloric acid on insoluble lead compounds may 
explain painter’s colic. The reason for using sulfuric 
acid of a specific gravity not greater than 1.3 in storage 
batteries may be brought out when discussing the 
removal of nitric acid by fuming with sulfuric acid and 
its subsequent dilution with water to completely pre- 
cipitate the lead sulfate. The easy reduction of bis- 
muth compounds to metallic bismuth points out its use 
in the case of ulcers of the stomach. 

The various solvents used in the isolation and detec- 
tion of copper should suggest compounds that may be 
used to remove the tarnish from copper pieces in the 
home. The insolubility of the arsenates may be used 
to point out the use of the various arsenates as in- 
secticides that will not be dissolved by the dew. This 
insolubility may explain the presence of arsenic in 
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dangerous quantities on apples if they are not care- 
fully prepared for market. The use of freshly pre- 
pared ferric hydroxide as an antidote for arsenic poison- 
ing may be explained in the same way. 

In the aluminum-nickel group the precipitation of 
Prussian blue as a test for iron points out one of the 
reasons for its use as a pigment. The colors of the 
manganese compounds developed during analysis shows 
how they may be used as decolorizers in the manu- 
facture of glass. The insolubility of lead chromate 
points out why it is the most durable cheap yellow 
pigment. 

Aside from justifying the teaching of qualitative 
chemical analysis to the student of chemistry for its 
cultural value the immediate possible use of the knowl- 
edge gained will greatly motivate the student. At the 
same time the professional chemistry student will be 
benefited by having his knowledge taken out of the little 
box of professionalism in which he often seems to in- 
carcerate it. 





SIMPLE CELL for the 


STUDY of CONDUCTANCE 


H. B. GORDON 


Alabama Polytechnic Institute, Auburn, Alabama 


HILE a student learns much from lectures 
and textbooks he acquires a more vivid realiza- 
tion of natural phenomena when he himself 
collects data in the laboratory to illustrate them. Thus 
a student learns that certain types of substances, when 
dissolved in water, conduct an electric current, while 
other types do not. To impress this distinction upon 
him the electrical conductances of various solutions are 
determined, either in laboratory or as a lecture experi- 
ment. It is also well for him to observe the changes in 
conductance which take place when two solutions are 
mixed, either with or without chemical change. This 
has sometimes been done by placing one of the solutions 
under investigation in a beaker provided with elec- 
trodes, placing a sugar solution on top of this, and then 
adding the second solution of the study.* The con- 
* A modification of this procedure is to introduce the denser 
liquid beneath the other by means of a funnel-tube or similar 
device. The writer first saw this procedure used about twenty- 
five years ago. It is described in ‘“‘An Introduction to General 
Chemistry” by McCoy anp TERRY, McGraw-Hill, 1920 edition, 
page 243. The writer is informed that the experiment has also 
been performed using a diaphragm of paper floating on the lower 
liquid to delay mixing. These procedures are also open to the 
objection that they permit more unintentional mixing of the 
solutions than is desirable. 


ductance of the three solutions is determined, they are 
then mixed, and the conductance again determined. 

This experiment is fairly satisfactory but unless 
great care is exercised there is too much unintentional 
mixing of the solutions to yield results as striking as 
if no mixing occurred before it is desired. The presence 
of the sugar is also objectionable since it affects the de- 
gree of ionization besides being a component of the 
system in addition to those under consideration. To 
make the experiment more satisfactory for the use of the 
student at the best stage of his development to profit 
by it a cell has been constructed which is illustrated by 
the accompanying isometric sketch. 

The cell is made of any size desired. A convenient 
size is 10 cm. long, 2.5 cm. wide, and 6 cm. deep. It 
may be made of wood, fastened together by small nails, 
either with or without the assistance of glue. Glue 
alone should not be depended upon. Platinum elec- 
trodes, A, are placed at the ends of the cell. These 
should cover the ends of the cell as high as the solutions 
will extend. They are attached by platinum wires to 
the binding posts, B. About the mid-height of the 
cell, on both sides, narrow wooden cleats, C, are at- 
tached. These run the entire length of the cell be- 
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tween the electrodes and help to hold them in place. 
A cover or diaphragm (not shown) is made from a 
thin board cut to such a size that it will just slip easily 
into the cell, and when resting on the cleats, C, will 
separate the cell into two horizontal compartments. 
The diaphragm is provided with a handle. This may 
consist of a slender bolt held firmly in place by a washer 
and nut on each side of the diaphragm. If corrosive 
liquids are to be studied both the diaphragm and inside 
of the cell should be treated with paraffin before the 
electrodes are put in place. 

In use the cell is connected in series with a variable 
resistance and a low-reading ammeter and connec- 
tions are made with a low-potential source of direct 
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current. The resistance is so adjusted that if the cell 
is short-circuited the current will still be well within the 
range of the ammeter. Since the cell polarizes quickly 
a switch should be placed in the circuit and closed only 
momentarily when the current is to be read. The stu- 
dent can infer readily that the conductance of the solu- 
tion is essentially proportional to the current flowing. 
He will understand the significance of negligible cur- 
rents with water and solutions of such substances as 
alcohol or sugar, the low currents with ammonium 
hydroxide and acetic acid, and the high currents with 
salts and strong acids and bases. When he compares 
cupric chloride with cadmium or mercuric chloride he 
may be a little surprised. In this connection he should 
explain the separation of copper and cadmium by the 
use of salt solution and hydrogen sulfide.’ 

To study the effect of mixing two solutions the student 
places a quantity of one solution in the cell just sufficient 


1F, E. Brown, “Qualitative Analysis,’ The Century Co., 
New York City, 1932, p. 172. . ‘ 
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to fill it up to the tops of the cleats. He then puts the 
diaphragm in place and makes it tight by means of a 
little paraffin which may be spread as desired by means 
of a hot wire. The second solution is next placed on 
top of the diaphragm. When the solutions are such 
that they will react chemically when mixed they should 
be taken in chemically equivalent quantities. To mix 
the solutions the diaphragm is lifted out and the solu- 
tions stirred. The current is read before and after 
mixing, the switch being closed only momentarily for 
each reading. 

By the time the student has observed and explained 
a slight increase in current due to mixing sodium chlo- 
ride and potassium nitrate, a sharp decrease with hydro- 
chloric acid and sodium hydroxide, a sharp increase 
with acetic acid and ammonium hydroxide, a change 
from high current to almost zero on mixing sulfuric 
acid and barium hydroxide, and a change from almost 
zero to a high current on mixing water and concentrated 
sulfuric acid, he will usually have learned enough to 
make this extremely simple experiment well worth per- 
forming. 

An obvious improvement in construction of the ap- 
paratus is to substitute glass or other corrosion-resisting 
material in place of wood, but to make the cell of such 
material is beyond the skill of the average laboratory 
technician. If the cell is to be made of glass it would 
probably be well to let the cleats extend across the 
ends as well as along the sides of the cell, and to have 
the contact surfaces of cleats and diaphragm ground. 
By this arrangement the procedure could probably be 
simplified by dispensing with the paraffin or substituting 
stopcock grease for it. 


DEVICE TO INDICATE BROKEN 
VACUUM 


EUGENE W. BLANK 
241 N. Ninth Street, Allentown, Pa. 


A SMALL mercury manométer will serve to indicate 
whether the vacuum in a desiccator is unbroken and 
relieves one of the necessity of repeatedly checking the 
vacuum with a pump. The device consists of a short 
section of capillary tubing sealed at one end and in- 
verted, open end downward, in a small quantity of mer- 
cury contained in a tube of slightly greater diameter 
and length. 

The device is placed in the empty desiccator and is 
held in position against the side of the desiccator by the 
lumps of calcium chloride subsequently introduced. 
The glass capillary remains empty as long as the 
vacuum is maintained, but immediately fills with mer- 
cury as soon as a trace of air enters the desiccator. 





MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


The University of Wisconsin, Madison, Wisconsin 


PROBLEMS 21-25 


SOLUTIONS of the following problems will be given 


in the next issue. 


21. 


In the equation J/J, = e—**, I) is the intensity 
of the incident light, J is the intensity of the 
light transmitted through / cm. of absorb- 
ing substance at a concentration of c mols per 
liter, and k, the absorption coefficient, has a value 
of 6.63 for the absorption of light of 3130 A.U. 
wave-length by acetone vapor. 

(a) What is the percentage absorption of light of 
this wave-length in an absorption cell 10 cm. 
long containing acetone vapor at 56°C. 
under a pressure of one atmosphere? 

(b) What pressure of acetone vapor at this tem- 
perature will be required to absorb 80% of 
3130 A.U. light in an absorption cell 20 cm. 
long? 

(c) If 10 cm. of acetone vapor at 82.7 mm. pres- 
sure and 0°C. absorbs 71.9% of light having 
a wave-length of 2650 A.U., what is the value 
of k for this wave-length? 

In the Langmuir adsorption equation 

x = ap/(1 + bp); 

x is the amount of gas adsorbed on a unit surface, 
p is the pressure on the gas, anda and 0 are con- 
stants. Suggest a simple method of determining 
a and b from values of x at two or more pressures. 
A thermostat containing 100 liters of water at 
40°C. is to be cooled to 25°C. by running cold 
water through a copper coil immersed in the 
water. Suppose that the effective heat capacity 
of the thermostat is equivalent to 5 liters of water 
and that the cold water acquires the temperature 
of the thermostat during its passage through the 
coil. How long will it take water at 20°C. flow- 
ing at the rate of 5 liters per minute to cool the 
thermostat to 25°C.? (Assume the heat capacity 
of water to be 1 kg. cal. per liter.) 

It required 24 cc. of 0.092 N NaOH to neutralize 

20 ce. of a solution of a dibasic acid having a 

molecular weight of 126. What is the concentra- 

tion of the acid in grams per liter? 

If a chemical decomposition is a first order reac- 

tion, that is, if dc/dt = —kc, where c is the con- 

centration of the substance decomposing and k 

is a constant, what is the value of the ratio 


t,/ts,? 
(t:;, = time when substance is 1/2 decomposed 


SOLUTIONS OF PROBLEMS 16-20 


[J. CHEM. Epuc., 10, 378 (June, 1933) ] 

x = 21.2 = per cent. potassium carbonate. 

26.9 
(21.2) 0441 
(log 21.2) X 0.0441 = 0.0584. antilog 0.0584 = 1.144. 

= —0.87 + 26.9/1.144 = 22.65 = per cent. fert-butanol. 

— (22.65 + 21.2) = 56.15 = per cent. water. 
Di 
~ 1+ (hpi) | ke ~ bi + Bi 


— log (pi + B1) 


y —0.87 + 26.9x—° 0441 = —0.87 + 


log j= log fi 
=1+ A (inverting). 


1 fi .l al 
ee eae 
This is the equation for a straight line in which i 
1 are the variables. k, = aati and 
‘i intercept 


slope 


ee f= intercept 


Substituting * for a, and transferring all the constants to the 
K 


left of the derivative, 


re) e222 1 vRT*e2?2 O K 
Ly = »RT* 57 (stps 5 -x) =" oF 7p) (1) 


ae —4n Ne? v2\zon 
b "i" for x and again transferrin 
Substituting < i000ETDV or kK g g 


the constants (all symbols except the variables T, D, and V) 
to the left 


= vRTe?2? pe ra) ( 1 


Se = 2 
” 2k 1000k oF rrp) (2) 








Differentiating, 


oT —- eee wit 3 T-*2D-hV-2 — 





; T-*D-/2V—/2 oa — 5 TAD-hV-/s a 


3 1 35 + 1 oD 

— 3p Nrov\ Rt Toart 
Substituting (3) in (2) and noting that the product of the 
two expressions under the square root signs is by definition 


equal to x’, 
qr \ fe a 5 
1000k 2D NTDV\T? 
3 vRezk = oD 
4° kD D oT 


+arvar) ™ 


1 oD 


1 tor) 
3 VoT 


1 av 
and fs;, = time when */, decomposed.) TD aT * 3TV 7) | - 
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19. In the accompanying graph are plotted fifteen points se- 
lected from the reference [J. Am. Chem. Soc., 55, 971 
(1933)]. The number of squares under the curve between 
log 19.31° (= 1.286) and log 251° (= 2.400) is obtained by 
direct counting. There are 8 complete large squares con- 


bo 
or 


— 
ou 


—> Molal heat capacity, C. 
_ 
= 


0 
1.2 1.4 1.6 1.8 2.0 
—> Log T. 


HeEaT CAPAcity OF CALCIUM OXALATE 


2.2 2.4 


taining 200 small squares; and 11 large squares that are only 
partially complete. The small squares in these are counted. 
All small squares which are cut by the line to give an area 
less than half a square below the line are neglected; those 
giving an area greater than half are counted. In the figure 
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the latter are shown by squares extending beyond the line. 
This procedure is justified because, on the average, the num- 
ber greater than half and the number less than half will be 
equal. This error of estimated squares is minimized by 
making the squares as small as possible. In the figure 140 
small squares are counted in this manner. 

The total number of small squares is then 200 + 140 or 
340. But each square has 1 unit for a vertical side and 
0.04 unit for a horizontal side, giving an area of 0.04 unit. 

Then, total area = 340 X 0.04 = 13.60. The graph was 
made with common logarithms but the theoretical formula 
calls for natural logarithms. Accordingly 


51° 51° 251° 
Le Car = {" cain T = 2.303 Cd log T 
19.31° T 19.31° 19.31° 
= 2.303 X 13.60 = 31.32 entropy units. 


Taking the entropy at absolute zero as zero (according to 
the third law of thermodynamics) and adding 0.08 for the 
entropy increase in heating from 0° to 19.31°K., the abso- 
lute entropy of calcium oxalate at 251°K.., is 31.32 + 0.08 or 
31.40 entropy units. 
(a) K = (0.937 X 4.85 X 1075)? = 2.064 x 10~° 
AF° = —RT In K = —1.987 X 298.1 X 2.303 X log 
(2.064 X 10-9) = (—1864) X (9.3148) = (—1364) 
X (—8.6852) = +11,850 calories. 
,co . SH? — AF? _ 5087 — 11,850  —6763 
as daa T ay 298.1 ~ 298.1 
= —22.7 entropy units. 


4X 4.85 X 10-5 + 4 X 4.85 x 1075 
(c) n= 5 





= 1.941074 





— log y = c2*/u = 0.505 X 4 X 1.393 X 10-2 = 
0.02814 
y = antilog (—0.02814) = antilog 1.97186 = 0 937. 





BIRTH DATE OF JOSEPH PRIESTLEY 


A NUMBER of celebrations were held during the 
month of March to commemorate the bicentenary of 
Joseph Priestley. There seems to have arisen some 
confusion as to date, and for the sake of the record it 
seems desirable to throw some light upon this question. 
We have been glad to receive from C. A. Browne, under 
whose auspices the important and interesting exhibition 
of books, manuscripts, etc., was arranged at the Library 
of Congress during the Washington meeting, the 
following information which should be conclusive: 

I quote the following passage from Thorpe’s life of 
Priestley, page 1: 


Joseph Priestley was born at Fieldhead, in the parish of Birstall, 
near Leeds, on March 13 (Old Style), 1733. 

The Gregorian Calendar was not adopted in Great Britain until 
1751. In 1752 eleven days were left out of the Calendar, Sep- 


tember 3rd being counted the 14th. The change of style prob- 
ably accounts for the confusion in the various dates of Priestley’s 
birth given by different writers. In Chalmers’ ‘‘General Bio- 
graphical Dictionary” the date is given as March 18; in Allen’s 
“American Biographical and Historical Dictionary’? and in 
Thomson’s ‘‘History of the Royal Society” as March 24; Corry, 
in his “Life of Priestley,’’ gives March 24; Hoefer, in his ‘‘His- 
toire de la Chimie,” gives March 30, probably following Dumas’s 
“Philosophie de Chimie”; Cuvier, in his ‘‘Eloge,’’ says that he 
was born near Bristol in 1728! In a.letter to Wedgwood, dated 
March 23, 1783, Priestley says in a postscript, “This day I 
complete my half century.” 


I think Priestley himself is the best authority as to 
his age. His completing his half century on March 23, 
1783, would indicate that he begins a second half 
century on March 24, 1783, and the subtraction of 50 
years from this would make his birth March 24, 1733.— 
News Ed., Ind. Eng. Chem. 





CORRECTION. In the table on page 366 of the June JouRNAL [ERNEST F. BuRCHARD, ‘‘Sources of 
Ores of the Ferroalloy Metals’’] quantities of vanadium ore and concentrates are expressed in 
pounds rather than in metric tons as the heading erroneously indicates. 
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KEEPING UP WITH CHEMISTRY 


The camphor of commerce. ANON. Du Pont Mag., 27, 1-3, 
15-16 (Apr., 1933).—There are two chief sources of the commer- 
cial supply of camphor—Japan and Germany—but synthetic 
camphor is now being made in America by the du Pont Company. 
The water-white liquid is ordinarily prepared from what is com- 
monly called ‘“‘camphor gum,”’ which is not a gum but a crystalline 
substance. Pharmacists use it; curators know its value; house- 
wives find it a household necessity; but the greatest amount of 
camphor finds its way into the manufacture of industrial products. 
Camphor is an indispensable raw material in the pyroxylin plas- 
tic industry. As a plasticizing agent in transforming cellulose 
into ‘‘pyralin’’ and photographic film, nothing better has been 
found so far. For centuries practically all the natural camphor 
used in the U. S. was imported from China, Japan, the East 
Indies, Formosa, and other eastern lands where the camphor for- 
ests are abundant; but since 1899 practically all the world’s 
supply of natural camphor has been controlled by the Japanese 
government. For years American manufacturers had to battle a 
Japanese monopoly. In 1880 the Dept. of Agriculture imported 
camphor berries and young trees from Japan and planted them in 
southern and southwestern states. These attempts had to be 
abandoned because of the World War. Controlled prices after 


the War brought the question of synthetic camphor sharply into 
In 1803, an apothecary by the name of Kindt introduced 


focus. 
HCl into oil of turpentine and obtained a crystalline product re- 
sembling camphor, but in reality it was boronyl chloride. Ber- 
tholet, a French chemist, is said to have béen the first to produce a 
chemically made camphor. This was in 1858. Others made 
contributions; but the synthetic product caused little uneasiness 
in Japan until late in the first decade of this century when Euro- 
pean competition threatened Oriental monopoly. In 1923, 
there were imported 3,240,322 pounds of refined camphor at a 
value of $0.735 per lb. as against 488,684 pounds of synthetic 
valued at $0.619 per lb. In 1932, there were imported 941,459 
pounds at $0.353 per pound as against 1,416,331 synthetic cam- 
phor valued at $0.278 per lb. Camphor ‘gathering has been and 
still is in some regions a risky business. The savages in the hin- 
terland of Formosa, where the trees grow, are head hunters. 
Today trained operators get everything out of the wood that is 
valuable, and in Japan a reforestation program insures a future 
supply of trees. While Germany was busy breaking down the 
Japanese monopoly, American chemical concerns were inactive; 
but as early as 1900 one American concern started production at 
Niagara Falls. Others followed only to drop by the wayside. 
Today, however, synthetic camphor is being manufactured by a 
new du Pont process from southern turpentine. Apparently this 
is the only attempt in America to manufacture “‘synthetic’’ cam- 
phor of high quality in quantity to supply our domestic needs. 
‘‘Synthetic’’ is really a misnomer for the product is not built up 
from simple elements but starts with a complex organic substance. 
It is a strange coincidence that the basic material for this product 
also comes from a tree—the southern pine. G. O. 
On the medical frontier. ANon. Ind. Bull. of Arthur D. 
Little, Inc., 76, 1-2 (Apr., 1933).—When Henry Ford’s doctors 
used, for the first time, a new type of anesthetic called avertin, the 
general public was made aware of it. Its preparation was de- 
scribed in 1923 by Willstatter and Duisberg and its use was re- 
ported in 1926. By 1929 over 100,000 cases in hospitals had been 
subjected to this anesthetic. Avertin differs from ether, chloro- 
form, etc., in that while they are inhaled as gases, avertin is ad- 
ministered by means of rectal injections of a 21/.% or 3% aque- 
ous solution. It may be, however, and frequently is in the case 
of laboratory animals, administered intraperitoneally, subcuta- 
neously, or orally. Avertin is known to chemists as a bromine de- 
rivative of grain alcohol called 8-tribromoethyl alcohol. The 
problems arising from its use have been many. It was found that 
more than gentle heating caused the avertin to decompose, giving 


products injurious to the intestines. When pure, it has no irri- 
tant local action. It has a slightly antipyretic action, and it is 
mildly antiseptic. It does cause a drop in systolic blood pressure 
of about 10 mm. which is controlled by ephedrine. It may be 
used alone but is now used in this country as a ‘‘basal’’ anesthetic, 
followed by ether, gas, or local anesthetic, after the patient be- 
comes unconscious following the rectal injection. Used as a 
basal, the most common dosage is 0.08 g. per kg. The outstand- 
ing reported value of avertin is the method of administration 
which does away with any distressing reactions such as coughing, 
etc. After-effects have been noticeably absent, and it is reported 
particularly suitable for old people because of the absence of un- 
favorable action on the heart. It is not advised in cases of serious 
kidney or liver disturbances. . ©: 
Cellulose ethers. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 76, 4 (Apr., 1933).—Cellulose as paper, cotton, etc.; cellu- 
lose esters compounded into celluloid, lacquers, and pyroxylin 
plastics; and cellulose acetate in certain types of artificial silks, 
etc., are well known to the public. The cellulose ethers, how- 
ever, are little known, although in the past decade alone over 
1500 cellulose ether patents have been issued, and recently a mas- 
sive piece of work entitled ‘‘The Technology of Cellulose Ethers’”’ 
by Dr. Edward C. Worden has appeared. Among the qualities 
possessed by these cellulose ethers are solubility in inexpensive 
solvents, wide miscibility, greater stability, and resistance to 
acids, alkalies, sunlight, and oxidation (including fire). They are 
still relatively expensive. Since the cost of many cellulose prod- 
ucts is the cost of expensive solvents, their solubility in inexpen- 
sive ones, such as gasoline and alcohol, and even water, is a real 
advantage in cutting production costs. Thus cellulose ethers are 
being used to a limited extent in water paints and sizing. This 
free solubility may also be a disadvantage, as in fabrics and fin- 
ishes that are ruined by contact with alcohol and certain petro- 
leum hydrocarbons. They may find their greatest usefulness in 
technical applications based upon the facility with which they 
may be mixed with a large number of organic compounds, such as 
rubber, bituminous material, and synthetic resins. Cellulose 
ethers have been used in the manufacture of soap and in medi- 
cated applications such as salves. The ethers form transparent 
films. An ether transparent wrapping material is marketed in 
Germany. Methyl, ethyl, and benzyl cellulose ethers are the best 
known commercial representatives of the family. If the history 
of the cellulose esters is any criterion, the disadvantages which 
now prevent their extensive application are likely to be markedly 
reduced. 0; 
Home brew from rags. ANoNn. Ind. Bull. of Arthur D. 
Little, Inc., 76, 3-4 (Apr., 1933).—The fermentation of cellulose 
was reported in the December 21, 1932, number of Chemistry 
& Industry (London). There are two ways in which fermentation 
may be produced from cellulose materials. The earliest method 
was to convert them to sugars by acids and then ferment them 
with yeasts or other fermentation organisms. The newest 
method is to find the organism that will ferment the cellulose 
without first converting it into sugar. Fermentation at ordinary 
temperature is impossible; but at higher temperatures with the 
so-called thermophilic bacteria, it is possible and is being carried 
out on a commercial scale both in England and in the U. S. 
Some of the products produced by the fermentation are alcohol, 
acetic acid, and butyric acid, the latter being solvents for nitro- 
cellulose i in lacquers. Go: 
Building a potash industry in New Mexico. C. A. Warp. 
Chem. & Met. Eng:, 40, 172-6 (Apr., 1933).—One of the most 
significant industrial developments in the U. S. since 1929 is the 
commencement of a new and profitable business based on the 
mining and refining of sylvinite and the production of pure po- 
tassium chloride near Carlsbad, New Mexico. As taken from 
this mine, the sylvinite runs 42.7% KCl, 56.6% NaCl, and 0.7% 
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Fe.03. The stratum is 7 to 12 feet thick. There are over 20,000 
acres, with at least 15,000 tons of sylvinite per acre available. 

The general principle of the refining is based on the fact that 
when a saturated solution of sylvinite in water is cooled from its 
boiling point, the KCl precipitates, contaminated only by the 
NaCl entrained. If the mother liquor is placed again in contact 
with fresh sylvinite and heated to the boiling point, further KCl 
will be dissolved, but being saturated with respect to NaCl it will 
dissolve none of ‘the latter. 3; We ees 

Resinous equipment solves corrosion problems. Epir. STAFF 
Report. Chem. & Met. Eng., 40, 201-3 (Apr., 1933).—Resin ma- 
terial is now available to meet varied needs. Either asbestos or 
graphite is used as a filler in the resins, and they can be made up 
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so as to be acid-resistant, alkali-resistant, or resistant to both. 
This gives a very wide use for making equipment to handle vari- 
ous chemicals. The compositions are made into vats, tanks, 
towers, pipe lines, filter presses, etc., and are easily machined, 
cut, drilled, planed, or turned. J. W. H. 
Georgia pines for sulfite pulp and newsprint. G.M. Rome . 
Chem. & Met. Eng., 40, 197-200 (Apr., 1933).—Data are given 
which indicate highly satisfactory progress at the experimental 
plant in Savannah, Georgia, in the manufacture of sulfite pulp. 
No more power is required to grind young Georgia pine than is 
needed for Canadian spruce, and if green wood is used the pitch 
gives no trouble. J. Wa. 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


March of electrochemistry. C. L. MANTELL. Chem. & 
Met. Eng., 40, 120-2 (Mar., 1933).—The commercial develop- 
ments of the electrochemical industries in their present-day 
extent is less than fifty years old, but the entire basic science 
and art go back little more than a century. 

This article gives a historical record of the accomplishments 
of electrochemistry upon which more than ten per cent. of 
all our chemical industries are now based, the annual value of 
products being $350,000,000.00. yy We o. 

Enzymes from the standpoint of the chemistry of invertase. 
J. M. Netson. Chem. Reviews, 12, 1-42 (Feb., 1933).—The 
name invertase is applied to any enzyme which catalyzes the 


inversion of cane sugar. It occurs widely distributed in nature, 
but for study purposes has usually been derived from yeast from 
which it can be obtained in relatively large yields with a mini- 
mum amount of labor. It is one of the most studied of enzymes 
because of its stability and the fact that its substrate, sucrose, 
has only one linkage affected by the enzyme. The title clearly 
indicates the nature of the review. J. W.H 
The chemistry of the alkali amides. F.W. BERGSTROM AND 
W. C. FeRNELIUS. Chem. Reviews, 12, 43-179 (Feb., 1933).— 
This discussion covers the preparation, storage, inorganic and 
organic reactions of the alkali amides. J. W. H 


HISTORICAL AND BIOGRAPHICAL 


Priestley’s associations with London. H. G. Way inc. 
Nature, 131, 350-1 (Mar. 11, 1933).—Joseph Priestley knew 
London well and spent many of his vacations in that city. One 
can imagine him wandering about the region of St. Paul’s and the 
Strand where many of his friends lived and where he often met 
and dined with Franklin. The Lansdowne House, Berkeley 
Square, has been recently demolished. In the library of this 
house in 1774 he discovered oxygen and it would seem fitting that 
the place might sometime be marked as a scene of that event. 
As it is now, an open-air garage occupies the place of this famous 
house. EF. B.D. 

The scientific works of Joseph Priestley. J. R. kaka 
Nature, 131, 348-50 (Mar. 11, 1933).—This is a general account 
of the scientific work of Priestley. The author concludes that 
neither Priestley nor Cavendish was able to draw correct con- 
clusions from his experiments. This was reserved for Lavoisier. 
Priestley never professed to be a chemist, and in the full sense 
of the word never was. No adequate account of Priestley’s 
work in physics is yet available, though he published a history of 
electricity, and of vision, light and colors, and he seemed also to 
have contributed several experimental papers in the field of elec- 
tricity. 

Professor Partington ends with the following statement regard- 
ing this great man whose bicentenary is celebrated this year: 

“Human happiness,”’ Priestley tells us in a characteristically 
discursive preface to the ‘History of Electricity,’ ‘depends chiefly 
upon having some object to pursue, and upon the vigour with 
which our faculties are exerted in the pursuit.’ He was happy in 
having several objects for the exercise of his vigorous and original 
mind. In science he was a great explorer, opening out in his 
rapid and fortunate survey a great number of sites, the rich 
treasures of which he left to others, equipped with greater pa- 
tience and knowledge, to remove, arrange, classify, and inter- 
pret. Such a pioneer fills a place in the annals of human achieve- 
ment, and such a one was Joseph Priestley, the bicentenary of 
whose birth we now gratefully remember.”’ F.. B.D. 

Priestley and Pepys celebration. ANon. Nature, 131, 443-4 
(Mar. 25, 1933).—On March 15 at Burlington House, a reception 
was held to commemorate both the bicentenary of the birth of 
Joseph Priestley and the tercentenary of the birth of Samuel 
Pepys. 

“The most interesting exhibits at the Royal Society’s reception 
were those relating to Priestley himself, gathered together from 
many sources. Among these were to be seen a letter in French 
intimating to Priestley that he had been nominated for the Na- 
tional Convention, an honour he wisely and firmly declined; the 
diploma and seal given to him by the Empress Catherine II of 
Russia and his Copley medal, presented with such graciousness 
by Sir John Pringle, who remarked that the Society awarded it 
to him ‘as a faithful and unfading testimony of their regard, and 
of the just sense they have of your merit, and of the persevering 
industry with which you have promoted the views, and thereby 
the honour of the Society.’ The diploma, seal, and medal were 


recently bequeathed to the Society by one of Priestley’s great- 
granddaughters and it was to a great-great-granddaughter, Mrs. 
Belloc Lowndes, that the Society was indebted for the loan of 
some of the other exhibits, including the letter referred to. Most 
of Priestley’s books, manuscripts, and apparatus were destroyed 
in the fire at Birmingham i in July, 1791. Another exhibit of great 
interest was a series of documents, hitherto unpublished, lent by 
Lord Lansdowne. Beside the Priestley exhibition, there was also 
a small collection of documents recalling Pepys’ connection with 
the Royal Society. During the evening Sir —_—_ ae 
gave an address on Priestley’s work.”’ 

Tercentenary of Samuel Pepys. T. E. JAMEs. Poth 131, 
228-9 (Feb. 18, 1933).—The article describes Pepys’ relationship 
to the Royal Society, of which he was president in 1684—5, after 
twenty years of membership. 

Pepys often attended the meetings and recorded his interest and 
wonder in the scientific experiments shown. While he must have 
known Robert Boyle, chemistry failed to arouse him, even though 
the science was patronized by royalty. Thus in his diary for 
Jan. 15, 1688, he says: ‘‘Then down with Lord Brauncker to Sir 
R. Murray, into the King’s little laboratory, under his closet, a 
pretty place; and there saw a good many chemical glasses and 
things, but understood none of them.” F..B. BD. 

Humour and humanism in Baeyer’s laboratory. J. REAp. 
Nature, 131, 294-5 (Mar. 4, 1933).—Prof. H. Rupe, who became 
an assistant in Baeyer’s private laboratory in 1891, has recently 
published some reminiscences of this period, and among them 
some of the humorous events that had transpired, of which the 
following is an interesting example. 

‘‘Baeyer favoured the use of simple apparatus, and the intro- 
duction into his laboratory of any deyice savouring of complexity 
had to be undertaken with great fact. The first mechanical 
stirrers, worked by water turbines, were smuggled in one evening. 
On the following morning, ‘der Alte’ beheld them in full working 
order. For a time he affected to ignore them; then he con- 
templated them unwillingly, with an air of challenge; next came 
the first remark, so anxiously awaited: ‘Geht denn das?’ ‘Jawohl, 
Herr Professor, ausgezeichnet, die Reduktionen sind schon bald 
fertig.’ The Herr Professor was finally so much impressed that 
he took the exceptional step of summoning the Frau Professor. 
‘Die Lydia,’ as she was called in the laboratory, stood by the 
merrily clattering apparatus for a while in silent admiration; then 
she uttered these unforgettable words: ‘damit musste man gut 
Mayonnaise machen kénnen!’ What a great deal depends upon 
one’s point of view.” 

Baeyer had a sense of humor which sometimes cropped out in 
his clear and simple lectures. While he was often regarded as 
stiff, unapproachable, and severe he was in reality a kindly man 
who did much good by stealth; and, unlike some great men, he 
was always ready to acknowledge the merits of others. The 
original memoir, as well as the excerpts of Prof. Read, illustrate 


the human interest in the laboratory of a great chemist. 
F. B. D. 
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Humphry Davy and carbon monoxide poisoning. F. C. 
Binc. Sct. Mo., 36, 319-23 (Apr., 1933).—Brief descriptions 
of Davy’s experiments on the physiological effects of certain 
gases including his own description of the effects produced on 
himself by carbon monoxide are given. Two experiments with 
carbon monoxide are described. In the first he breathed a 
mixture of hydrocarbonate (water gas) and air (1:1) for nearly 
three minutes. The result was a slight giddiness, pain in the 
head, weakness, and quickening of the pulse, all of which, he 
said, disappeared in about five minutes. Emboldened by this 
he determined to breathe the pure hydrocarbonate. Three 
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inspirations and expirations were made following which, as he 
says, he had just enough power left to drop the vessel. A more 
or less detailed description is given of his feelings and experiences 
until his strength returned the following evening. The results 
of this experiment led him to condemn the practice of self- 
experimentation. G. W. §S. 

March of electrochemistry. See this title, p. 445. 

Faraday. See Stereochemistry and physics below. 

A history of the National Research Council 1919-1933. ANon. 
Science, 77, 355-60 (Apr. 14, 1933).—First of a waacia* of ten ar- 
ticles to be published in Science. Bu CoE. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Constructive qualitative analysis. W. G. Parks. Rep. 
New Eng. Assoc. Chem. Teachers, 34, 82-9 (Feb., 1933).—Any 
analysis should be conducted along the same lines as a small- 
scale research. It should represent a complex structure of 
manipulation and reasoning on the part of the student. To be 
fully effective from an educational standpoint the course must 
be so conducted as to overcome the tendency to rush through 
the experiments in a routine and unintelligent way. In the 
schedule of laboratory work time should be allowed for one 
analysis carefully done. The student must be taught to do the 
analysis once and then have confidence in his results. The 
lecture work accompanying the laboratory instruction concerns 
itself with a discussion of the detailed theory behind the various 
separations. 

The objectives of a course in chemical engineering. Ww. R. 
VEAZEY. Chem. & Met. Eng., 40, 193-6 (Apr., 1933). —Pri- 
marily the objective of a course in chemical engineering is to train 
young men in such a way that they shall be able to enter most 
easily and expeditiously into the creative side of chemical and 
allied manufacture control. Secondary objectives have to do 
with their ability to function properly in relation to other people. 

Preliminary training should provide a very broad and general 
foundation; at the same time, a graduate must be able to do a 
few things well when he first goes into industry. During his 
school period he must build for himself a seed core of mental atti- 
tude capable of great accomplishment in later life. Training 
should be so balanced as not to produce a ‘‘blockhead,”’ ‘‘brainy 
freak,’’ or ‘‘social nut.’’ Science, philosophy, economy, religion, 


poetry, and romance all have their place in the life of an engineer. 


The American Institute of Chemical Engineers gives the fol- 
lowing as a properly balanced 4-year course: chemistry 28%, 
chemical engineering 12%, other engineering 14%, mathematics 
12%, physics 8%, mechanics 6%, other sciences 2%, cultural 
subjects 15%, electives 3%. 

Twenty institutions are now on their accepted list. 
W. H. 

A new diagram of the periodic table. F.W.Rrxon. Chem. & 
Ind., 52, 260-1 (Mar. 24, 1933).—The table is based on the follow- 
ing ideas. ‘‘(1) The chemical properties of an element depend 
mainly on the number of electrons in the outer shell of an atom. 
(2) An element may be said to strive toward an ideal, which is 
the completion of an electronic structure as close as possible to 
that of the rare gases. This ‘ideal’? may be approached by 
various methods that have been termed polar, non-polar, and 
semi-polar linkages. (3) Elements will haye similar chemical 
properties if they possess either a similar number of electrons in 
excess of the nearest rare gas or the same number in defect of the 
neighbouring rare gas. (4) Any element is situated between two 
rare gas neighbours, and has two options of attaining an ideal 
structure, one by acquiring electrons, the other by donating 
them, the nearest neighbour exercising the greater influence, but 
every element has this dual tendency or amphoteric character.” 
The table presented combines in a simple graphic manner the 
advantages of Thomsen’s table, Soddy’s helix, and —" 
cylinder. E.R. W 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


University patents. A. Grecc. Science, 77, 257 (Mar. 10, 
1933).—In increasing numbers, the universities in this country 
are resorting to patenting for the purpose of obtaining money 
to support research work. This seems, at first sight, reasonable 
and effective, but there are many disadvantages, some of which 


are: it tends to shut off an exchange of ideas; it endangers a 
critical and impartial attitude; it brings on quarrels and bitter- 
ness, often resulting in lawsuits; and, too, gifts to aid research 
may be withheld, if research workers declare their independence 
by taking out patents. BC: 


THE PHILOSOPHY OF SCIENCE 


From the ponderable to the imponderable. O. Haun. Sci- 
ence, 77, 397-403 (Apr. 28, 1933).—In the paper “From the 
Ponderable to the Imponderable’”’ in chemistry, physics, and 
biology, Professor Hahn discusses the following questions. How 


far can we extend the limits of our qualitative and quantitative 


tests of chemical compounds? Are there methods of investiga- 
tion that are reliable at and beyond the present limits of our bal- 
ances? What are the lower limits? EE. ©. 


GENERAL 


The distribution of American men of science in 1932. J. 
McK. CatTrTeii. Science, 77, 264 (Mar. 10, 1933).—For the 
fifth edition of the ‘‘Biographical Directory of American Men 
of Science’ there have been selected by objective methods 
250 of those not included in the earlier selections who are re- 
garded by their colleagues as among the leading scientific workers 
of the United States. The names of the 250 are given in the 
article. Tables are included which show the distribution among 
the sciences, the average age in the different sciences, the birth- 
place and residence of scientific men selected at four periods, 
the institutions which granted three or more degrees, and the 
institutions with which three or more are connected. There 
is also printed in the order of merit for each science the hundred 
men of science regarded in 1903 by their colleagues as the most 
distinguished. By. a 

Preserving proof of invention. ANoN. Sci. Am., 148, 219 
(Apr., 1933).—Scientific American offers to act as a depository for 
documents containing descriptions, sketches, drawings, etc., ex- 
plaining inventions, whereby the inventors, unable to pay the 
expenses of applying for patents, may preserve proof thereof until 
they are able to proceed with the usual process of seeking a patent. 

K 


CK 
Stereochemistry and physics. Nature, 131, 498 (Apr. 8, 
1933).—Prof. Peter Debye of the University of Leipsic gave the 
Faraday lecture of the Chemical Society at the Royal Institution 


on March 29, 1933. His subject, ‘‘The relations between stereo- 
chemistry and physics,’’ was a brilliant exposition of certain 
methods used for the elucidation of molecular shape and dimen- 
sions, a field to which he has contributed largely. In the latter 
part of his address he established Faraday as a pioneer of ideas in 
the fields both of the electrical properties of molecules and of the 
spatial arrangement of the atoms within them. 

“All felt that Sir William Bragg was right when he claimed that 
Prof. Debye and Faraday were akin in spirit. Prof. Donnan was 
equally right when he termed Prof. Debye the friend of the chem- 
ist, of the ‘hydrophobic organic chemist equally with og hydro- 
philic physical chemist.’ ”’ F. B.D. 

Gold. S. Turner. Sci. News Letter, 23, 166-7 (Mar. 18, 
1923).—This very interesting account of gold makes much more 
of its part in the social, aesthetic, and economic affairs of man 
than of his technical interests. Why it is valuable is said to be 
based more upon its early discovery and its particular combina- 
tion of properties than upon its superiority in any one particular 
quality. Its very general distribution as well as its limited 
supply has aided in its successful continuance as a basis for 
commodity-exchange. As a measure of its scarcity ‘‘all the 
gold produced in the world since the discovery of America is not 
one-fiftieth the weight of the copper produced in the one year, 
1929.” BC. 





RECENT BOOKS 


QUALITATIVE ANaLysis. J. S. Long, Ch.E., M.S., Ph.D., 
Professor of Inorganic Chemistry; H. V. Anderson, B.Ch.E., 
M.S., Associate Professor of Chemistry; 7. H. Hazlehurst, Jr., 
A.B., Ph.D., Assistant Professor of Chemistry, all of Lehigh 
University. Revised Edition. Prentice-Hall, Inc., New York 
City, 1933. xv + 266 pp. 5 Figs., 14 Tables. 14 X 20 cm. 
$2.25. 

This is a revision of the text published seven years ago under 
the authorship of Long, Chamberlin, and Anderson. [For 
review, see J. CHEM. Epuc., 6, 2309-10 (Dec., 1929).] ‘‘The 
six years during which this book has been in use, have given 
opportunity for a fair trial of the text. Several omissions have 
come to light, and the necessity for a more extended treatment 
of certain points has become clear.... The new material added 
during the present revision includes sections on Molar and 
Normal Solutions, Colloids, and Amphoterism. The Analysis 
of Anions has been greatly enlarged.” 

A foundation of principles is laid down in the first three chap- 
ters under the titles: Ionization, Oxidation and Reduction, 
and Reversible Reactions. Further principles and the appli- 
cations of them are brought out in connection with the analyses 
of the various groups. Many numerical data are given, including 
ionization constants, solubility products, and the degrees of 
ionization of solutions of many compounds. Much of this is 
usually left for the course in quantitative analysis. It would 
appear that a class should spend several hours on these first 
chapters before beginning the laboratory work. For the most 
part the principles are clearly and satisfactorily discussed. 
However, the definition of equivalent weight (p. 9), as the 
molar weight divided by the total positive valence, seems un- 
fortunate. The term ‘equivalent weight’? appears to mean 
“gram equivalent weight.’’ Following a table of the solubility 
products of the sulfides of groups II and III, there appears the 
sentence (p. 125) ‘‘According to the table of Solubility Products, 
zinc is the element most likely to be partially precipitated with 
Group II sulfides if (S~?) is too high.” This is really not at 
all obvious from the table. The peculiar action of cobalt sulfide 
is, however, mentioned in the preface. After explaining the 
separation of NiS and CoS from the other sulfides of group III 
as resulting from the slow reaction between these and dilute 
HCl, the authors refer to ‘‘the less soluble CoS and NiS” (p. 
149). In the revision the authors have adopted the system of 
designating the valence of polyvalent ions by a number following 
the sign of the charge, as POy~’, etc. It seems to the reviewer 
that there is a chance for the student to be confused between 
this and an exponent, as in the case of the solubility product of 
hydrogen sulfide which is written (H+)? X (S~?) = 1.1 X 107*%. 
Perhaps S*~ would be clearer. ‘ 

The cations are divided into the five usual groups, the HCl 
group being discussed first. Under each there are well-planned 
preliminary experiments, with emphasis directed to the principles 
involved. A brief summary of ‘‘commercial uses” of each element 
or ion is included. A detailed description of the separations 
within each group is followed by an outline of the analysis of it 
and by numerous questions on procedure and principles. The 
student is left to make his own outline for groups IV and V. 
Silver is confirmed by the addition of an iodide or bromide to the 
ammoniacal solution. The only test for cobalt is the borax-bead 
test, and the cobaltinitrite test for potassium is not included. 

The anions are arranged in four groups, one more than in the 
original edition. The new one includes those acids whose silver 
salts are insoluble in water, but soluble in nitric acid, and whose 
barium salts are soluble in water. A subdivision is made within 
the silver nitrate group on the basis of the insolubility of certain 
nickel salts in acetic acid. 

The book deserves consideration for adoption in courses in 
which there is time enough for the study of the principles and 
for the performance of the laboratory experiments outlined 
in it. The wealth of numerical data and applications should 


appeal to and be stimulating to all teachers of qualitative (and 
of quantitative) analysis. It can well be recommended to the 
more serious-minded students for supplementary reading in 
connection with any course in analysis. 

LYMAN E. PoRTER 


UNIVERSITY OF ARKANSAS 
FAYETTEVILLE, ARKANSAS 


QUALITATIVE CHEMICAL ANALYsIS. Roy K. McAlpine, Ph.D., 
and Byron A. Soule, Sc.D., University of Michigan. Based 
upon the text of Albert B. Prescott and O. C. Johnson. D. Van 
Nostrand Co., Inc., New York City, 1933. xii + 697 pp. 
2 Figs. 15 X 23cm. $4.50. 


In 1864, Silas H. Douglas, professor of chemical technology 
and metallurgy at the University of Michigan, published some 
“Tables for Qualitative Analysis’? to be used by students in 
the laboratory in conjunction with the larger ‘‘Manual of Quali- 
tative Analysis’ by Fresenius. These tables and laboratory 
notes were used for ten years at Michigan and three editions 
were published. In 1873 the notes were enlarged to an extent 
such that students were no longer compelled to buy the Fresenius 
book which was and is still regarded as authoritative. The 
new edition bore the names of S. H. Douglas and A. B. Prescott, 
the latter being professor of organic chemistry and pharmacy 
at the same institution. In the third edition of the Douglas- 
Prescott book, a section on ‘‘Oxidation and Reduction’’ was 
contributed by Otis C. Johnson, a younger instructor at Michi- 
gan. In this section, first printed in 1886, one reads that just 


‘as chemism acts between unlike particles—positive and negative 
factors—so bonds are stated as either positive or negative bonds” 
and the book was probably the first in which the attempt was 
made to teach students to balance equations of oxidation and 
reduction by counting the change in valence as a measure of the 


oxidizing or reducing power. Johnson was careful to distinguish 
between the nitrogen in ammonia with what he called three 
negative bonds and the nitrogen of nitrous acid with its three 
positive bonds. This idea proved popular and the idea of the 
electron, which was introduced much later into chemical litera- 
ture, was similar to what Johnson had in mind prior to 1886, 
when he spoke of the negative bond. 

Since 1901, the book was published under the authorship of 
Prescott and Johnson whose names still appear on the cover and 
title of this new and excellent revision of Roy K. McAlpine and 
Byron A. Soule of the University of Michigan. The last previous 
edition appeared in 1917 and was edited by John C. Olsen of the 
Brooklyn Polytechnic Institute. 

The arrangement of the text has been kept the same, as far as 
possible, and instruction in the art of balancing equations of 
oxidation is given on pages 636-56 about where it was put in 
1886. Moreover, the scheme for analysis is substantially the 
same as that of the Fresenius book upon which Douglas based his 
Tables of 1864. To be sure, a number of distinct improvements 
have been introduced and the explanations are more adequate, 
but although some reactions are used which were unknown in 
1864 there has been no radical change. In fact the new editors 
feel that the student has less time to devote to laboratory practice 
today than formerly and ‘“‘must depend less on the results of his 
own varied experimentation than on the discussions in class 
and on the notes which accompany the directions’ and “al- 
though the laboratory method is undoubtedly the most interest- 
ing way of acquiring chemical knowledge, it is essentially time- 
consuming”’ so that ‘‘it is becoming general practice to cover in 
the laboratory only such typical situations as will serve to 
illustrate the material of the course.’’ Rather than spend a 
lot of time in the laboratory acquiring analytical technic he is 
advised to “browse through the book’’ and read some of the 
supplementary literature. 

The first 148 pages of text have nothing whatever to do with 
the details of analytical procedure. About 50 of these pages are 
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devoted to ‘‘The Solubility Problem in Analytical Chemistry” 
and an attempt is made to reconcile as far as possible the solu- 
bility data furnished by Bruner and Zawadski, Weigl, Kohl- 
rausch, Boéttger, Bodlander, Remy and Kuhlmann, Britton, and 
others. This, as the authors frankly state, ‘‘is not simple reading 
and is possibly more difficult than should be attempted in a 
second course in chemistry.”’ Certainly many teachers will 
have to study it carefully in order to follow all the mathematical 
arguments. Here, as throughout the entire book, there are 
numerous references to the literature. 

The general procedure recommended covers the detection 
of the 23 common cations and 12 anions, the latter being: sul- 
fate, sulfite, carbonate, oxalate, arsenate, phosphate, sulfide, 
iodide, bromide, chloride, chlorate, and nitrate. The effect 
of phosphate or oxalate in causing the alkaline earth group 
to precipitate upon neutralizing the filtrate from the copper- 
tin group is discussed and several methods of overcoming such 
difficulties are suggested. Comparatively little attention is paid 
to dry reactions. In short, from the standpoint of analytical 
procedure, the book is conservative and written with the idea of 
using qualitative analysis more as a means of imparting knowl- 
edge concerning inorganic chemistry and physical chemistry 
than for teaching the art of precise analysis.. With this point 
of view, the reviewer has always been sympathetic. 

As the size of the book indicates, a great deal of new material 
has been introduced and the general appearance of the text is 
greatly improved. It looks and is more interesting to read. 
Practically every known element is mentioned and, with the 
exception of the rare gases and some of the rare earths, the dis- 
cussion of the history, properties, preparation, and characteristic 
behavior of each element is discussed at greater length than in 
most books on inorganic chemistry. For example, over two pages 
of fine print are devoted to the element indium and about 25 
references given. We learn, at another place that the name 
cobalt comes from the Greek kobalos or the old German word 
Kobold meaning gnome. The descriptive matter concerning 
these various elements compares favorably with the important 
data given in some of our largest and best books, such as those of 
Mellor or Friend. The acids, too, are not neglected and mention 
is made of no less than 14 acids containing sulfur and of 9 con- 
taining phosphorus. Methods are outlined for the determination 
as well as the detection of most elements. 

This new revision represents the most drastic revision that the 
book has ever experienced. It is really a new book. The editors 
have, in their own words, ‘‘attempted to modernize a venerable 
text on Qualitative Analysis’’ and they have done their work 
well. They have made their approach from an entirely different 
angle than that of the first author. Professor Douglas wrote 
the book for beginners to use in the laboratory. The new text 
represents better the point of view of the younger man who is 
intensely interested in chemistry and particularly in physical 
chemistry and cares comparatively little about the art of ana- 
lyzing difficult unknowns or complicated mixtures. The book is 
written with the idea that most students who take qualitative 
analysis as an undergraduate requirement in our large colleges 
will not be called upon in the future to make many qualitative 
analyses but they can profit, particularly if they decide to study 
other branches of chemistry later, by the study of the chemical 
principles which underlie analytical procedure. Students find 
the laboratory work interesting and this serves as an incentive 
to study chemistry. 

WILuiAM T. HALL 


Mass. INSTITUTE OF TECHNOLOGY 
CAMBRIDGE, Mass. 


ELEMENTARY LABORATORY EXPERIMENTS IN ORGANIC CHEM- 
IstRY. Roger Adams, Professor of Organic Chemistry, Uni- 
versity of Illinois, and John R. Johnson, Professor of Organic 
Chemistry, Cornell University. Revised edition. The Mac- 
millan Co., New York City, 1933. xiii + 363 pp. 20 Figs. 
14 X 21.5cm. $1.90. 

The revised edition of Adams and Johnson has been con- 
siderably expanded by the inclusion of a number of experiments 
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of a more advanced grade. There are sixteen of these experi- 
ments: urea from ammonium cyanate, m-bromotoluene, hy- 
drazobenzene, distillation under diminished pressure, benzyl 
alcohol and benzoic acid, benzalacetophenone, benzoin and 
benzil, benzilic acid, diphenylacetic acid, cinnamic acid, B- 
bromostyrene, ethyl-n-butylacetoacetate, methyl-v-amylketone, 
ethyl-n-butylmalonate, m-caproic acid, and quinoline. One 
experiment, the preparation of chloroform from acetone, has 
been deleted, and judging from experience in the writer’s labora- 
tory this experiment is well omitted. 

The plan of the book is the same as that of the first edition. 
The first few experiments are devoted to the common operations 
of the organic laboratory. An experiment on the qualitative 
detection of the elements, and a brief section on quantitative 
organic analysis bring the first part of the work toa close. The 
remainder of the experiments involve the preparation and (or): 
study of typical substances. These preparations are well chosen; 
the starting materials are inexpensive, permitting the use of 
reasonable quantities of material, and the diversification is such 
that the instructor can choose experiments illustrating all of 
the more important reactions. 

Whereas the first edition was not entirely suitable for use in 
a full-year course, the revised edition contains ample material. 
“Suggestions for Supplementary Experiments’’ with references 
to the literature follow the experiments. In this section are 
listed fifty-three preparations “comparable in scope to those in 
the last third of the manual.’’ From these can be selected prepa- 
rations for students who have proved themselves qualified for 
advanced work. 

In the appendix are to be found a number of useful tables: 
physical properties of some organic compounds not listed in 
the ordinary handbooks, density and vapor pressure of water 
0° to 35°C., density and concentrations of aqueous alcohol, 
vapor pressures of some organic substances and of water 30° 
to 120°C., vapor pressures of severaft common organic sub- 
stances at 100°C., and densities and concentrations of the 
common acids and bases. 

To aid in calculating chemical requirements for a course, 
there is a list of the quantities of materials necessary in each 
experiment for a group of ten students. This compilation aids 
greatly in ordering supplies, and is a very commendable feature. 

Descriptions of manipulations are lucid, and as concise as is 
consistent with clarity. The questions which follow each 
experiment, or group of related experiments, serve to increase 
the scope of the work. 

The leaves of the manual are perforated so that the direction 
sheets may be torn out if desired and pasted in the laboratory 
notebook. Print, paper, and binding are of good quality. 

In the opinion of the writer, this book leaves little to be desired 
as a manual for a one- or two-semester elementary course; 
indeed, by a judicious selection of experiments, and a free use 
of the supplement, a second course might well be built around it. 
NATHAN L. DRAKE 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, Mb. 


GENERALREGISTER VII UBER DIE JAHRGANGE 1925-1929 pEs 
CHEMISCHEN ZENTRALBLATTS. TEL IV A, Tem IV B, 
SACHSREGISTER. Edited by Maximilian Pfliicke. 2 Vols. 
Verlag Chemie, G.m.b.H., Berlin W 35, 1932. iv + 2252 pp. 
RM. 210 postpaid. 


This collective subject index differs from previous subject 
indexes to Chemisches Zentralblatt in that the principle of classifi- 
cation has been much extended in its compilation. Entries under 
many headings, including all of the larger ones, are systematically 
grouped according to classification systems considered suited 
to the various subjects. Many of these are quite elaborate. 
For example, under -‘‘Eisen’’ there are 44 groups and subgroups 
with a center-head rating besides numerous minor subgroups. 

Entries are made from the body of abstracts and not just 
from their titles, which is, of course, necessary for the very 
desirable approach to completeness which every abstract journal 
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should attempt for its subject indexes. The word “complete” 
cannot well be applied to any subject index, for there is no 
possible well-marked stopping point; but this index, with the 
correlative formula index, makes a good approach to com- 
pleteness. 

Inorganic compounds are entered under their common names, 
as “‘Kobalt(II)-bromid”’ (note the method of designating valency) 
grouped under such general headings as ‘‘Kobaltverbindungen,” 
or are entered under the names of the acids involved, such cross 
references as ‘‘Kobaltarsenat s. Arsensdure, Co-Salz, S. 169” 
being used. Alloys are grouped with compounds. 

Organic compounds are for the most part not entered in 
this index. The commoner ones, as lactic acid, have subject 
index entries, but the others are entered in the formula index 
only. For many of the less complex organic compounds the sub- 
ject index gives cross references to the formula index, as ‘‘Di- 
chlorbenzaldehyd s. C;H,OCl, [Formelreg. S. 218].”’ There 
is no inversion of ndmes to bring organic derivatives together in 
the index under the names of parent compounds, or more ac- 
curately index compounds. Such headings as “/(+)-Milch- 
sdure,’’  ‘‘/(+)-Milchsaure-Athylester,’ ‘‘/(-+)-Milchsaure- 
Methylester,”’ ‘‘d(—)-Milchsaure,”  ‘‘d( —)-Milchsaure-Athyl- 
ester,’ ‘“d( —)-Milchsadure-Methylester,’’ ‘‘d/-Milchsaure,’’ etc., 
are used instead of grouping all of the entries under the heading 
‘“Milchsadure”’ with appropriate modifying phrases. For com- 
pounds with more than one name the helpful practice of giving 
other names following the one chosen for the index heading has 
been followed as ‘‘Adrenalin (Adrenin, Epinephrin, Suprarenin, 
[{ Methylamino }-methy] ]-[3 .4-dioxypheny] ]-carbinol).”’ 

Cross references are plentiful and very helpful. Page numbers 
are given as a part of these. 

The subject index is a very important part of an abstract 
journal. Chemisches Zentralblatt has not overlooked this fact 
and is providing indexes which give every appearance of being 
thorough and carefully prepared. This latest collective subject 
index is for the most part a true index of subjects and not an 
index of words as are too many existing indexes. It therefore 
meets the most important test of a good subject index. 

There is some question as to the wisdom of allowing classifica- 
tion to enter into an indexing system so extensively as in this 
index. The purpose of an index is to provide a quick and certain 
means of locating all of the information on the subject under 
consideration which the publication being indexed contains. 
Classification in an index is, of course, desirable only in so far as 
it serves this purpose. A subject index is not to be looked on as a 
source of information in itself; it is a key to information. Keys 
usually work best if simplicity is emphasized in their construction. 

Classification is a factor in all subject indexing. The simplest 
alphabetic arrangement of index headings is a form of classifica- 
tion. Classification beyond this simple form must be done with 
great caution if the user is to be helped thereby because it multi- 
plies questions of definition and points of view differ. There are 
bound to be many more or less border-line entries the classifica- 
tion of which the indexer will not be so sure about and the index 
user is apt to be puzzled to know how they have been classified. 
In an index with varied classification systems for the entries 
under many headings the index user is confronted with the 
necessity of learning what these systems are. 

If a state-of-the-art search is being made he is likely to feel 
the need of looking through all of the entries in spite of classifi- 
cation, either because his subject does not happen to fit the system 
used or for fear that the indexer has looked at things a bit differ- 
ently than he does. Ifa single bit of information is being sought 
it is apt to be more time-consuming to figure out how it was 
classified and then search for it than it would be to look for it in 
likely places with an alphabetically arranged series of entries. 
For example, let us suppose that one is interested in looking up a 
question relating to the hardness of steel. The main subject is 
steel and the average index user would, I believe, turn to the 
heading ‘‘Steel’”’ in indexes and look for the modifying phrase 
‘hardness of.” In this Chemisches Zentralblatt index if he turned 
to the heading ‘‘Stahl’’ he would find himself referred to the 
heading ‘‘Eisen,” where he would find a large subgroup under 
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the heading ‘‘Technische Eisen’’ and then a further subheading 
“Schmiedeeisen u. Stahl,’ still a further subheading ‘Eigen- 
schaften,” a further classification under the smaller subheading 
“Mechan. Eigg.” and finally some entries on hardness. In 
another subclassification entitled ‘‘Metallographie’ under 
the subheading ‘“‘Schmiedeeisen u. Stahl’ are to be found other 
entries on theory of hardness, etc. In still another place with a 
similar stepping down under the subheading ‘‘Spezialstahle u. 
Sonderlegierungen’”’ entries on hardness are to be found in the 
grouping under the small heading labeled ‘‘Eigg.’”’ which is a 
subheading under the subheading ‘‘Werkzeugstahl.’’ There 
are entries on hardness under the subheading ‘‘Priifverfahren”’ 
also. 

Classification has resulted in interesting and no doubt to many 
index users helpful groupings of specific substances under such 
headings as ‘“‘Arzneimittel,” ‘‘Enzyme,’”’ “Mineralien (u. Ge- 
steine),”’ etc., but this may cost some time in the average search. 
For example, if one wishes to look up ‘“‘Olivendél’’ he will find 
the entries under ‘‘Fette,’’ if he is looking for ‘‘“Muskeln’”’ he 
must turn to the heading ‘“‘Organe”’ and if he wants the entries 
for ‘“‘Aloe’’ he must look under the headings ‘‘Arzneipflanzen”’ 
and “‘Extrakte,”’ and so on. 

A dictionary and the subject index to a scientific journal 
are, of course, quite different publications and yet in relation 
to the question of convenience in use I think that the two may 
be considered in comparison. If the words in our dictionaries 
were in part classified in some series of logical groupings ac- 
cording to subjects instead of being arranged in simple alphabetic 
order think of the time which would be lost in looking up defi- 
nitions. Some classification beyond the simple alphabetic 
arrangement of entries can be used to good advantage in a sub- 
ject index but it is easy to overdo this, with loss in effectiveness 
of the index as a key which unlocks quickly and easily. Classifi- 
cation is a method and not an objective in indexing. 

Still it must be said that in a large index like this one the 
entries are so numerous under a good many headings as to make 
some systematic arrangement of entries just about necessary. 
If the alphabetic arrangement applied to headings is not con- 
tinued with entries by the use of the entry-a-line form with 
carefully worded modifying phrases (this is not ideal but it works 
pretty well, at least with the English language) then perhaps 
a logical classification can be justified. The Chemisches Zentral- 
blait indexes are printed in solid instead of entry-a-line form 
with no apparent systematic arrangement of individual entries 
under headings and subheadings. 

The compilation of a collective index to a journal as extensive 
as Chemisches Zentralblatt is a big undertaking. The thorough 
and careful classification of headings in this ‘‘Generalregister VII’’ 
must have added much to the work. Except that, as perhaps 
you have guessed by now, I doubt the utility of so much classifi- 
cation in a subject index, I regard this latest Chemisches Zentral- 
blatt subject index as a fine piece of work. 

E, J. CRANE 


THE Onto STATE UNIVERSITY % 
CoLuMBUS, OHIO 


VOCATIONAL GUIDANCE IN ENGINEERING Lines. “Elicited and 
Edited by the American Association of Engineers.” The 
Mack Printing Co., Easton, Pa., 1933. xxxiv + 521 pp. 
15 X 23 cm. $2.50 postpaid, domestic; $3.00 postpaid, 
foreign. 

“The book is intended mainly for the benefit of students in 
high schools and other preparatory schools who are contemplat- 
ing the study and adoption of some line of engineering endeavor; 
but it should also be very useful as a textbook in engineering 
schools, in order to teach the students thereof what the profession 
of engineering actually is and what work is covered by its various 
branches and by the numerous specialties in the said branches. 
It will also provide them with many specimens of excellent engi- 
neering English, from which they can select for themselves suit- 
able style-models for their technical writing.”’ 

This publication is of considerable interest to chemists in 
general for a variety of reasons. It is, for one thing, a veritable 
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model of vocational guidance information—a type of work 
for which there has been considerable unsatisfied demand in the 
field of chemistry. 

For another, it contains several chapters which, although 
written with specific reference to engineering, have rather broad 
application to scientific and technical professions in general. 
Among these may be mentioned: 


I. Introduction, by the Editors; 

II. The Engineering Profession, by the Editors; 
III. Prometheus Enchained, a chapter from ‘““The Nemesis 

of American Business,’’ by Stuart Chase; 

V. Vocational Guidance, by the Editors; 
VI. Ascertaining of Mental Capacity and Special Talents, 
by Dr. Harry D. Kitson; 
Idealism in Engineering, by Terrell Bartlett; 
Engineering Ethics, by the Editors; and 
Engineering Literature and Journalism, by Frank W. 
Skinner. 


The chapter on Chemical Engineering, by Theodore B. Wag- 
ner, is, of course, of direct interest to the chemist. It is, further- 
more, surprising, even to a chemist, to note the number of other 
branches of engineering in which a thorough knowledge of chem- 
istry is cited as one of the fundamental prerequisites to success. 

In addition to its utility as a vocational guide and its direct 
and indirect bearings upon chemistry as a profession, the volume 
possesses considerable cultural value. Some knowledge of the 
major lines of human thought and endeavor is certainly a neces- 
sary part of the intellectual equipment of every truly educated 
man. In the way of an illuminating survey of the engineering 
profession one could ask for nothing better. Nine chapters are 
devoted to discussions of as many major branches of engineering; 
forty more to engineering specialities—each by a practitioner in 
the field discussed. 

The editorial committee, comprising J. A. L. Waddell, chair- 
man, Frank W. Skinner, and Harold E. Wessman, is to be con- 
gratulated upon the success of its efforts and commended for the 
spirit of professional altruism in which it has prosecuted this 
“labor of love.’ 


XVI. 
XVII. 
XIX. 


Otto REINMUTH 


PHYSICO-CHEMICAL MetuHops. Joseph Reilly, M.A., D.Sc., 
Sc.D., D.és.Se., F.Inst.P., F.R.C., Sc.I., F.I.C., Professor 
of Chemistry, National University of Ireland, and William 
Norman Rae. V.D., M.A., F.I.C., Professor of Chemistry, 
University College, Colombo, Ceylon. With foreword by 
F. G. Donnan. Second edition, revised. D. Van Nostrand 
Co., Inc., New York City, 1932. xv + 822 pp. 586 Figs. 
15 X 23 cms. $8.00. 


Adverse criticism on a work as comprehensive as this and 
one demanding such painstaking effort is obviously out of order. 
Even so, it is difficult to see how such a criticism could be made on 
‘“‘Physico-chemical Methods.’’ Drs. Reilly and Rae have done 
a beautiful piece of work. 

A comparison with the first edition, in itself an invaluable work, 
will be informative. The page-size has been increased but, even 
so, 87 pages more have been found necessary. Twenty chapters 
have been added. True, several of the new chapters have re- 
sulted from expansion and subdivision, but at least fifty per cent. 
of the new chapters represent new material. Especially note- 
worthy among these are the chapters on destructive distillation, 
crystal measurements and classification, micro molecular-weight 
determinations, gas analysis, the liquefaction of gases, the 
Raman effect, microphotometry, the thermionic vacuum tube, 
hydrogen-ion determination by the glass electrode method, 
electrolytic oxidation and reduction, dielectric constants, etc. 

All of the previous material has been thoroughly revised and 
brought up to date. The arrangement of material has been 
improved. A large number of the cuts do not appear in the 
first edition. 

The reviewer wishes to commend especially the general ex- 
cellence of the cuts. The book is abundantly supplied with 


literature references and tables of illustrative and useful data. 
A table of four-place logarithms is included. In several instances 
the reviewer notes the mathematical development of the theory 
involved. A qualitative discussion of the reasons for special 
procedures, modifications, etc., is found in most cases. 

The authors do not claim an absolutely comprehensive char- 
acter for the book (though this is nearly attained) but they 
have endeavored to make it a standard work. To this end 
subjects with which they felt insufficiently familiar have been 
submitted to specialists for suggestions and criticism. Un- 
doubtedly ‘‘Physico-chemical Methods”’ really fulfils the avowed 
purpose of the authors. As such, no advanced student or re- 
search worker can afford to be without it. 

Matco”tm M. HarING 


° 
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MISCELLANEOUS PUBLICATIONS 


THE STANDARDS YEARBOOK 1933. Compiled by the Bureau of 
Standards, U.S. Dept. of Commerce. (For sale by the Supt. of 
Documents, Govt. Printing Office, Washington, D. C.) 250 
pp. 15 X 23cm. $1.00. 


The present is the seventh edition of this standardization an- 
nual and is full of suggestions and data for all engaged in stand- 
ardization. In it are outlined the activities and accomplish- 
ments of not only the bureaus and agencies of the federal govern- 
ment, but also those of states and counties. It contains a résumé 
of the standardization work of scientific and technical societies 
and trade associations. A brief account of international co- 
operation in standardization is followed by a summary of the 
activities of the national standards associations of the various 
countries. 

The Standards Yearbook informs the manufacturer of the cur- 
rent standardization movements affecting his industry. It in- 
forms the purchasing agents of new standard specifications, and 
informs the scientist engaged in research as to current research 
projects which may lead to standardization. To the average 
reader it will prove a mine of information on the present status 
and trend of standardization in all fields of industry, commerce, 
science, and government, with references to sources of further in- 
formation. 


CoNnTROL ASSAYS OF COMMERCIAL VITAMIN-D Carriers. H. A. 
Halvorson and L. L. Lachat, Chemists, Division of Feed and 
Fertilizer Control, Dept. of Agriculture Dairy and Food, St. 
Paul, Minnesota. April, 1933. 11lpp. Free upon request. 


The method of vitamin D estimation adopted by the State of 
Minnesota laboratory is given in detail. Bone ash results and 
weight records of chicks are reported on 30 products, including 
16 cod-liver oils, 5 cod-liver oil concentrates, 2 proprietary feed 
supplements, 2 sardine (pilchard) oils, 2 cod-liver meals, 1 burbot- 
liver oil, 1 mineral feed concentrate, and 1 cod-liver oil stearin. 


Pocket TABLES FoR Cupics. David Katz. Published by the 
author, South Milwaukee, Wisconsin, 1933. Six-page pocket 
folder. 9.5 X 22.2cm. $0.35. 


The method of solving cubic equations presented by the 
author is not fundamentally new in the sense that it constitutes 
an original contribution to mathematical theory. It is, however, 
useful and a little study devoted to the mastering of notations 
enables one by means of it to solve cubic equations in a rather 
simple manner. 


Pfaltz & Bauer, -Inc., 300 Pearl Street, New York City, 
announce the publication of a new 44-page catalog, SARTORIUS 


ANALYTICAL BALANCES, catalog No. B 1. The catalog con- 
tains the most complete listing of Sartorius Analytical Balances 
ever made in this country. 
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Bronze plaquette struck in commemoration of the seventieth birth- 
day of Georg Lunge (September 15, 1839-January 3, 1923). 
Lunge improved the methods for the commercial production of 
heavy chemicals, invented the nitrometer, devised man 'Yy procedures 
of technical analysis, and about 1880 perfected the art of coal 
distillation in such manner that no material improvements in it 
have been made since that time. The plaquette is a fine example 


of the work of Hans Fret. 
Contributed by Tenney L. Davis. 
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ANDOM OBSERVATIONS. The monograph 
R:« the National Survey of Secondary Education 

on ‘Articulation of High School and College” 
has just been published by the Government Printing 
Office. The summary released by the Bureau of 
Education outlines a number of interesting findings— 
among them that in the regions having the most rigid 
college entrance requirements the percentage of failures 
is higher than in regions where the requirements are 
less severe. ‘“‘This leads again to the question of the 
validity of maintaining requirements in specific sub- 
jects as a selective device,” Dr. Brammell writes. 

Certainly the point suggested is worthy of the fullest 
investigation, yet there remains a strong possibility 
that it is irrelevant in this connection. It is probable 
that standards of success in college vary within even 
wider limits than entrance requirements. The latter 
have been reduced to some semblance of objectivity, 
and a comparison of the entrance requirements of vari- 
ous institutions, while necessarily inexact, has some 
qualitative significance. The former are almost purely 
subjective and can be intelligently compared on the 
basis of no data at present available. 

Whether one arrives at the conclusion introspectively 
or by observation, one must concede that no teacher is 
ever completely satisfied with the response that a class 
makes to his instruction. The mieasure of his dis- 
satisfaction is not always accurately reflected in the 
percentage of student failures. Almost any instructor 
will admit in his franker moments that he has had 
classes in which he simply “‘could not afford’ to flunk 
all the incompetents. There can be no doubt that in 
good classes some students fail who would pass with a 
reasonable margin of safety in poorer classes. 

Nor is the psychology of the instructor the only 
treacherous variable that arises to trick the statistician 
in the interpretation of his data. The fact is seldom 
hinted in polite circles, but the records of the treasurer 
sometimes weigh as heavily in determining student 
tenure as those of the registrar. Institutions with re- 
sources and credit strained to the breaking point do not 
lightly relinquish student fees which can bring the 
budget within thumb-weight of balancing. 

By all means let us continue to study the relationship 
between entrance requirements and college failures, 
but let us not lose sight of certain regrettable, but none 
the less real, disturbing factors. 


* *«* * 


From time to time homely remedies which have been 
held in slight scientific esteem are shown to possess real 
virtues and are welcomed into the pharmacopeceia. 
Occasionally some foundation of fact is discovered in a 
popular superstition. Now psychologists are begin- 


ning to find that some of our quaint educational philoso- 
phies and practices are not so much at variance with 
sound psychology as was sometime supposed. 


EDITOR’S OUTLOOK 


452 


Not 


Such phenomena are always of interest to us. 
that we take a malicious delight in seeing one psy- 
chologist confounded by another—indeed, some of our 
best friends are psychologists. Nevertheless, it still 
rankles that we once took a course in psychology in 
which many of the right answers seemed not only at vari- 
ance with the expectations of common sense but with 
the teachings of common experience. We begin to see 
now that we were merely in advance of our time—like 
Lucretius with his theories of atomicity and isomerism. 

The latest clipping to find a place in our album is 
supplied by the Science News Letter and quotes Dr. 
Frank N. Freeman of The University of Chicago as 
follows: “It is at least conceivable that intellectual 
training may improve intelligence, as it has been 
defined. The pace of mental operations may very well 
be influenced by practice, and mental alertness probably 
varies considerably with appropriate training.” 

The brief digest of Dr. Freeman’s address before the 
National Research Council’s Chicago Conference on 
Research in Child Development continues in this vein. 
“Ability to concentrate the attention, to think effec- 
tively, to avoid fallacies, and to grasp difficult relation- 
ships between thoughts, are among the other aspects of 
intellectual ability which . . . could be improved or 
controlled by proper education. ... Not only does he 
[the child] increase in knowledge when given advant- 
ages of proper training, but his ability to learn is also 
increased. There is no such thing as intelligence apart 
from training... Ability is always a composite of 
the two, and the belief that they can be separated by 
means of tests is an illusion.” 

These conclusions are drawn in part from studies of 
identical twins raised in different environments and in 
part from other data. We need hardly add that they 
pass the acid test of our own preconceived prejudices. 





When and if such expedients as acreage limitation and government 
subsidy succeed in levitating agriculture from the slough in which it 
now wallows and wails, we shall still have to face the task of dragging 
that unfortunate industry onto 
firmer ground. A higher degree 
of mechanization, utilization of 
farm wastes, introduction of new 
crops, and development of new uses 
for old crops constitute the more 
obvious handles by which we may 
lay hold. 

The article by McGlumphy and 
Eichinger (pp. 453 ff.) probably 
outlines a significant contribution 
to the 1.ltimate solution of the agri- 
cultural problem. The field of 
Jerusalem artichokes here pictured was cultivated by the Department 
of Horticulture at Iowa State College. The hardy growth of the 
plant, which makes it practically self-weeding, 1s apparent. Yields 
vary from ten to twenty tons of tubers per acre. 























LEVULOSE, the SUGAR of the FUTURE 


JAMES H. McGLUMPHY anp JACK W. EICHINGER, JR. 


The very common, yet unfamiliar sugar, levulose, is des- 
tined to take its place along with cane, beet, and corn 
sugar in the food supply of the nation. Its intrinsic 
value is unparalleled in the realm of sugars. A study 
of the unique properties and resultant uses of this sweet 
holds promise of many possible benefits, even to improving 
the health of mankind. Levulose is widely distributed 
in many humble plants, including a prolific native weed, 
the Jerusalem artichoke or wild sunflower. The success- 
ful operation of a semicommercial factory at Iowa State 
College leads to the prediction that levulose can be produced 
at a cost comparable to that of cane and beet sugar on the 
same large scale of production. 


++ eee re 


HE word ‘‘sugar’’ by common usage has become 
synonymous with the term sucrose, leaving the 
somewhat general impression that the sources of 
sweetening agents are limited. The properties of su- 
crose (cane and beet sugar) have been so long accepted 
that dextrose (corn sugar) has not been rapidly recog- 
nized as a sugar. The chemist is familiar with many 
other sugars, all possessing in varying degrees the prop- 
erties which make sucrose and dextrose valuable articles 
of commerce. With such a large number of sugars 
from which to choose, why are only two of them in 
common use? The majority of them are either inac- 
cessible in commercial quantities or possess the desira- 
ble qualities to a very limited extent. Levulose, 
however, is widely distributed in nature and offers 
many attractive qualities. It is the sweetest (1) and 
most soluble (2) of all the sugars. It has a unique and 
delightful flavor distinguishing it from other sugars and 
it possesses certain physiological properties which cause 
it to be more easily and quickly assimilated (3) to sup- 
ply the necessary energy for the human system. 
While the name, levulose, may be unfamiliar to the 
layman, the substance itself is no stranger. Sucrose 
when digested is first converted into equal amounts of 
levulose and dextrose. The inimitable delicate flavor 
of many fresh fruits is partially dependent upon the 
levulose present. The Germans have named the sugar 
fructose (fruit sugar) because of its occurrence in fruits. 
The characteristic flavor of honey is due in part to the 
high percentage of levulose. The sugar has long been 
used as a constituent of infant foods, of cough medicines, 
and other therapeutic preparations. This sugar, al- 
though widely used by nature and by man in improving 
the flavor and food value of food products, has rarely 
been separated from the other sugars with which it is 
commonly found. The high cost of this separation has 
heretofore prevented levulose from becoming a popular 
food and sweetening agent. 


Iowa State College, Ames, Iowa 
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Sucrose and glucose have so successfully filled many 

of the requirements for sweets that it may seem unneces- 
sary to add a third member to the group. However, 
as a greater knowledge of the individual properties of 
these three sugars becomes available, important and 
specific uses for each become apparent. In the prepara- 
tion of food products it is sometimes desirable to in- 
crease the “body” and carbohydrate content without 
producing undue sweetness. These conditions are 
adequately met by the present sugars. Other types 
of foods would undoubtedly be improved by the correct 
blending with less weight of the sweeter sugar, levu- 
lose. There is a class of products which are consumed 
primarily for enjoyment. Most beverages, pastries, 
cakes, candies, and other confectionery are of this type. 
Levulose, with its greater sweetness, is ideal for the 
preparation of these delicacies. The average diet is 
overbalanced with carbohydrates. It is possible to 
make candies using less than one-half pound of levulose 
for each pound of candy, yet securing all of the desired 
sweetness and flavor. By selecting the remainder of 
the ingredients to include wholesome substances of low 
calorific value the danger of harmful overindulgence is 
greatly lessened. Attempts have been made to meet 
this condition by utilizing a synthetic organic prepa- 
ration reputed to be many times sweeter than the 
sugars. The resulting loss in flavor and possible harm- 
ful effect make these preparations somewhat unde- 
sirable. 

Many additional uses which are best supplied by 
levulose are developing. Its high solubility tends to 
prevent the crystallization of other sugars in its pres- 
ence. Thus, the quality of jams, jellies, marmalades, 
and similar products is greatly improved if prepared 
with levulose. Sandiness in ice cream may be pre- 
vented by including the proper amount of levulose. 
The granulation of honey which causes loss and incon- 
venience to the honey producer can be absolutely pre- 
vented by increasing the levulose content. The char- 
acteristic flavor of levulose makes it desirable for im- 
proving the flavor of many canned foods. Preliminary 
experiments indicate that this is especially true in the 
canning of fruits since it seems to bring out markedly 
the pleasant flavor. 

The use of levuiose would give a uniform and per- 
manent flavor to carbonated beverages. When su- 
crose is used there is a change of sweetness in the bottled 
product as it becomes older, due to inversion. 

The use of dextrose (corn sugar) could be greatly in- 
creased by mixing it with crystalline levulose thus rais- 
ing its sweetening power. Levulose and dextrose 
sirups may be mixed to produce “‘invert”’ sirup or imita- 
tion honey. 
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Among the therapeutic uses for levulose is claimed its 
application as a food for the consumptive where the 
production of carbon dioxide in abundance is important 
(3). It has also been found effective in the prevention 
of hyperacidity of the gastric juice (4). 


DIABETES 


Perhaps the most important potential use is the possi- 
bility of its application in the treatment or prevention 
of diabetes. Joslin (5) states that one person in 
seventy-five has diabetes or will develop it. The total 
estimated number of cases in the United States in 1931 
was 1,800,000. It is of interest to note that the words, 
“diabetes” and “‘rohrzucker’”’ (sugar), occur very early 
in historical writings, 490 B.c. There seems to be a 
direct correlation between the increase per capita con- 
sumption of sugar (cane and beet), and the increase in 
the number of deaths per 100,000 population, from dia- 
betes. This is shown in Figure 1, the data being taken 
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Diabetic death-rate and sucrose available for consump- 
tion in the United States, plotted for a twenty-year period. 
The two curves show a striking correlation. 


from the Statistical Abstracts of the United States (6). 
The sugar curve in Figure 1 is based on the pounds of 
raw sugar available for consumption. These data may 
be coincident to the increased accuracy in keeping rec- 
ords and in diagnosis of disease. However, it is of 
interest to note the decrease in the death rate in 1924 
and the corresponding decrease in the consumption of 
sugar, followed in 1925 and 1926 by a correlating in- 
crease in each. The methods of recording and diag- 
nosing would not be expected to vary appreciably over 
this period of time. Sugar (sucrose) has never been 
shown to cause diabetes. However, if the condition 
is present, the fact is well known that it is greatly aggra- 
vated by the prolonged use of sucrose. This fact, 
together with the knowledge that numerous persons are 
unknowingly afflicted with diabetes, makes the data of 
Figure 1 seem reasonable, if not to be expected. These 
considerations seem sufficient to merit a very thorough 
investigation into the effect of replacing sucrose in the 
diet with levulose, not only for the diabetic but for the 
normal person as well. 

There is no general agreement in the medical profes- 
sion as to the value of levulose in the diet of the diabetic. 
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Joslin (7) made extensive investigations with levulose 
and summarized his results as follows: 


Fifty-one observations upon the effect of levulose were made. 
As a rule the quantities ingested were well utilized (the levu- 
lose utilized, as computed from the carbohydrate balance was— 
mild cases 100%, moderate cases 99%, severe cases 88%), 
though of 41 experiments with 19 severe cases, in only 9 did the 
urine remain sugar-free . . . . The increase in metabolism fol- 
lowing the ingestion of levulose with severe cases was greater than 
with moderate or mild cases or with normal individuals. 


More recently, Dr. Joslin (8) has given the following 
opinion : 

Tentatively we are inclined to the opinion that levulose can 
be used with advantage in the diabetic diet in very small amounts 
daily for intermittent periods. It will raise the respiratory quo- 
tient in a diabetic more than dextrose and the heat production as 
well. Levulose seems to cause a different type of metabolism 
from dextrose, possibly due to the conversion of levulose in part 
into fat by the diabetic or to a more active stimulation of insulin 
production. Similarly inulin and lower polymers of levulose in 
the form of Jerusalem artichokes have been used by our patients 
with pleasure and benefit. 


The literature is abundant with notes on levulose 
assimilation but the actual number of diabetic cases 
which have been scientifically studied, using levulose 
as a part of the diet, is surprisingly low. The experi- 
mental work has undoubtedly been retarded by the 
previous excessive price of the sugar, and also by a 
certain faction of scientists who have dismissed the sug- 
gestion of using levulose for diabetics as ridiculous in . 
the face of an old and accepted theory that all carbo- 
hydrate, regardless of kind, meets a like fate in the di- 
gestive system, being converted to glycogen and thus 
to dextrose. Dogged adherence to this contention fails 
to explain the experimental results of Joslin (7), 
Folin and Berglund (9), and many others, (10), (11), 
(12), (13), (14), (15), (16). 

Hale (17) states that: 


Levulose is an excellent glycogen (animal fat) producer and 
yet does not cause a rise in hyperglycemia (blood sugar). This 
characteristic of levulose, distinguishing it above other sugars, 
is no doubt due to its slow rate of absorption and high rate of 
conversion into glycogen; in four hours time, 16% of the glucose 
absorbed in the human system is deposited in the liver as gly- 
cogen, whereas with levulose likewise absorbed, 40% is so con- 
verted and deposited. 


Regardless of theories, the greater sweetness of levu- 
lose gives it a unique position in the carbohydrate- 
restricted diet since pleasure and benefit can be derived 
fromsmallamounts. With levulose becoming available 
in more generous quantities, the study of the metabo- 
lism of the three major sugars becomes a challenge to 
the medical profession. 


OCCURRENCE 


Levulose occurs either free or combined in the form 
of disaccharides and polysaccharides in many varieties 
of plants. The levulose-yielding plants include the 
dahlia, chicory, camas, burdock, dandelion, Canadian 
thistle, goldenrod, Jerusalem artichoke, and wild onion. 
It is very interesting to find nature’s hardiest and most 
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abundant weeds thriving upon this highly prized car- 
bohydrate. However, the difficulty of propagating, 
cultivating, and harvesting, or in some cases the low 
levulose content, of some of these plants eliminates them 
from serious consideration. The most promising of 
those named are the dahlia, chicory, and Jerusalem 
artichoke. The dahlia and chicory possess the higher 
levulose content but this advantage is overshadowed 
by the agricultural difficulties encountered in their 
large-scale production. During the drought summer of 
1931 the Horticulture Department of Iowa State Col- 
lege had under cultivation several varieties of dahlia, 
chicory, and the Jerusalem artichoke. Only the latter 
survived to produce a reasonable quantity of levulose 
and the yield (13 tons tubers per acre) was most gratify- 
ing under the conditions. 

Levulose is very rarely found pure in nature. An 
interesting incident is recorded by Lippmann (18) who 
found half-ripe tomatoes with peculiar excrescences 
consisting of a mucilaginous nucleus permeated with 
a multitude of pointed needles, which proved to be pure 
crystalline levulose. It is commonly found as a com- 
ponent of saccharides such as sucrose, inulin, raffinose, 
lupeose, melezitose, gentianose, and similar carbohy- 
drates. These saccharides may be broken down into 
their component parts by acid or enzyme treatment, 
thus yielding their share of levulose. The prospective 


producer of levulose needs but to select from this bounti- 
ful supply of raw materials one most suited to the cli- 


mate and proposed method of preparation. 


THE JERUSALEM ARTICHOKE 


Because of the ease of cultivation and the large 
yields obtainable, the Jerusalem artichoke (Helianthus 
tuberosus) has come to be regarded as a very remarkable 
plant and one of the most outstanding possibilities as a 
source of large quantities of levulose. It is described 
in Iowa as a noxious weed. It is well known to the 
corn farmer. Shoemaker (19), however, states that its 
reputation is undeserved and points to the annual 
plantings of more than 300,000 acres in France which 
are mostly in rotation. He suggests that the proper 
time to attempt the destruction of this plant is when 
the mother tubers are exhausted and before the new 
crop is formed. That is, if after free growth, the plant 
is cut in midsummer, it will be largely destroyed at 
one operation. He considers it strange to count as a 
disadvantage the tendency of a valuable plant to grow 
too well. This characteristic at least promises well for 
the ease and certainty of a crop when wanted. The 
Jerusalem artichoke, rapidly becoming valuable as an 
important source of sugar, will be elevated from the class 
of weeds. 

A native of America, the Jerusalem artichoke was 
carried back to Europe by early explorers, cultivated 
for nearly three centuries, and finally reintroduced into 
this country in a number of improved varieties. Shoe- 
maker (19) states that the wild types to be found in the 
native range of the plant could be listed by the hundred 
thousands. Among the cultivated varieties, the Mam- 
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moth French White, Portland, United States Depart- 
ment of Agriculture seedlings, and the Purple are prob- 
ably the best known. In 1927, the variety plantings at 
the Arlington Farm of the United States Department 
of Agriculture included over 160 numbers, some of 
which were undoubtedly duplicates. 

The first published record of the Jerusalem artichoke 
is given by Champlain (20) who speaks of seeing it in 
the gardens of the Indians at Nauset Harbor, Cape Cod, 
Massachusetts, on July 21, 1605. According to Shoe- 
maker the plant seems to have reached England in 1616 
or 1617. Some 200 years later (1824), the French- 





THE WILD SUNFLOWER, AN IOwA WEED 
r 


One of the many wild varieties of Jerusalem artichoke na- 
tive to the middle west. The tubers of this plant have a 
levulose content sometimes as high as 24%. 


man, Braconnot (21), succeeded in isolating the starch- 
like substance, inulin, from the Jerusalem artichoke, 
and in 1843 Crookewitt (22) hydrolyzed inulin and ob- 
tained an “‘uncrystallizable’”’ sugar. The “‘uncrystalliz- 
able’ sugar was later crystallized by Jungfleisch (23) 
and others, and it is known today as levulose. Willa- 
man (24) (1920) seems to have been the first to propose 
the Jerusalem artichoke as a source of levulose in com- 
mercial quantities, and his suggestion has been followed 
by the studies of the United States Bureau of Standards 
and other investigators. 

The levulose content of the Jerusalem artichoke 
varies within wide limits. Shoemaker reports values 
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ranging from 8.64% to 19.47% for the different varie- 
ties. The average of several years production by the 
Department of Horticulture at Iowa State College is 
about 14%. Traub, Thor, Zeleny, and Willaman (25) 
at the Minnesota Agricultural Experiment Station 
analyzed four varieties grown on sandy loam at the 
University Farm, St. Paul, Minnesota, and found only 
6.72% to 10.3% levulose. Since these same varieties 
were found to yield considerably higher percentages of 
the sugar at Ames, Iowa, it is possible that the more 
severe climate of the northern state is somewhat detri- 
mental to the levulose content of the Jerusalem arti- 
choke. The fact that this plant is very slow in matur- 
ing, the tubers generally trebling in size soon after the 
first frost, would seem to support this contention. 
Some of the wild varieties analyzed at Ames have 
shown a levulose content as high as 24%. It is im- 
possible to predict the outcome of studies in plant breed- 
ing but considering that the sugar beet has been bred 
from an initial sugar content of less than 6% to the 
present 12% to 20%, it would seem quite reasonable to 
expect similar results from the artichoke. The de- 
velopment of a variety containing 30% levulose, giving 
large yields per acre, and producing fairly smooth 
tubers in a compact hill, should be within the realm of 
possibility. _ What an opportunity for workers in the 
field of plant breeding! 

Johnson (26) has made an extensive study of the 
storage of Jerusalem artichokes and his work shows 

















JERUSALEM ARTICHOKE (Helianthus tuberosus) TUBERS 


Mammoth French White variety, grown by_the De- 
partment of Horticulture, Iowa State College. Yields 


for the past four years have averaged about 14 tons of 
these tubers per acre. 
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that storage at a temperature near the freezing point 
is the only successful method of keeping a large per- 
centage of the tubers free from rot and shriveling for any 
length of time after they are dug. The principal reason 
for this is the very thin skin which permits the tubers 
to lose moisture rapidly when they are exposed to the 
air at room temperatures. The poor storage qualities 
of the tubers have an important bearing upon any plan 
contemplating their use in an industrial process and 
will be referred to in this connection in a later portion 
of the paper. 

Dr. William J. Hale, director of research for the Dow 
Chemical Company (27), in his address to the Manu- 
facturing Chemists Association at ‘Absecon, New Jer- 
sey, on June 4, 1931, said: 

The Jerusalem artichoke for western lands requires little culti- 
vation, and yet is capable of tremendous yields per acre. Aside 
from utilization in the form of new foods, the tubers will supply 
levulose, that sugar 50% sweeter than sucrose, or ordinary sugar, 
and far better than sucrose for the human system. The engi- 
neering problems necessary to insure the successful operation of 
a levulose plant on a commercial scale are still to be worked out; 
a few month’s time and a few thousand dollars will guarantee 
the success of the enterprise. The result is staggering to the 
imagination; it means the utter banishment from our tables of 
all cane and beet sugar, and the directed efforts of thousands upon 


thousands of our farmers toward the supply of our entire needs 
for sugars—not alone levulose, but its counterpart, dextrose de- 


rivable from corn. 
HISTORY 


The history of the discovery and methods of prepa- 
ration of levulose and its parent substance, inulin, 
has been presented by Harding (28). Therefore the 
present sketch will include only the more important 
chronological developments. As was previously men- 
tioned, Crookewitt (22), in 1843, was the first to pre- 
pare levulose. He heated inulin in a water solution for 
fifteen hours and hydrolyzed it to a sweet sirup. Later 
(1847) Dubrunfaut (29) selected the one-hundredth an- 
niversary of Marggraf’s successful separation of sucrose 
from the sugar beet to announce the separation of levu- 
lose from glucose as an insoluble lime salt. This dis- 
covery was to become the basis for the preparation of 
levulose for many years, and at the present time still 
holds the most promise of becoming the successful 
commercial method. 

The Crookewitt and Dubrunfaut methods have been 
repeatedly imitated and re-discovered. 

It was necessary to consider levulose as a “‘liquid”’ 
sugar, since all attempts to crystallize it failed, until 
1880 when Jungfleisch and Lefranc (23) prepared levu- 
lose sirup by Dubrunfaut’s method, washed it repeat- 
edly with absolute alcohol, abandoned it, and returned 
later to find long silky needles of levulose. This proved 
to be a banner year for levulose, marked by intense 
interest and the publication of several valuable 
treatises. Kiliani (30) gave a long historical review 
of previous work on inulin. He succeeded in preparing 
crystalline levulose by hydrolysis of inulin, claiming 
a 96.7% conversion. Girard (31) displayed rare in- 
genuity in-his method for concentrating levulose sirups 
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by freezing and was able to crystal- 
lize very white levulose from the 
concentrated sirup without the aid 
of expensive organic reagents. 

Browne (32), in 1912, published 
a method for preparing levulose on 
a laboratory scale, in which crystal- _ 
lization from aqueous solutions was 
described. 

Fernbach and Schoen (33), in 
1912, described a method for the 
production of levulose by biochemi- 
cal methods. They discovered an 
anaérobic bacillus, called “gommo- 
bacter,”’ which in nutritive medium 











attacks sucrose and gives a gum. 


DESICCATED ARTICHOKE SLICES 


hi ors 
This gum may be precipitated by This material may be handled and stored like grain without loss of sugar content, 


alcohol, acetone, or barium hy- 
droxide and hydrolyzed by acid 
treatment to the same weight of levulose. 

In 1922 Harding (34) published ‘‘the first real de- 
parture from the much-imitated technic of Dubrun- 
faut.” His method was based upon the use of glacial 
acetic acid as a solvent in the separation of glucose 
from levulose. The method included the recovery of 
the glucose. Sucrose was the raw material used and 
levulose was obtained in yields of 25.5% to 28% of the 
weight of sucrose taken, and the dextrose in yields of 
36% to 37.5%. Harding stressed that the method was 
successful on a laboratory scale only, and that any 
attempt to enlarge the scale of operation was likely to 
result in the production of confusion and profanity 
rather than levulose. 

The same year Willaman (35) gave specific directions 
for the preparation of inulin from the Jerusalem arti- 
choke. He stated that the tubers are not a satisfactory 
material for the preparation of true inulin, although 
they are good for a study of the whole group of inulin 
substances. He suggested the following as a possible 
procedure for the manufacture of levulose sirup: ex- 
traction of juice by diffusion, clarification by means of 
lime, phosphoric acid, and carbon, acid hydrolysis of 
all inulin bodies, precipitation of lime-levulate, the 
decomposition of lime-levulate, and evaporation of the 
levulose solution to sirup. 

The researches of the United States Bureau of Stand- 
ards were first reported by Jackson, Silsbee, and Prof- 
fitt (36) in 1924. These authors (2) presented a more 
complete report in 1926. They used both the dahlia 
and the Jerusalem artichoke as raw materials. They 
separated levulose from the converted artichoke juices 
by the old Dubrunfaut lime-precipitation method, using 
revised technic to produce larger and more filterable 
particles of lime-levulate. Their procedure followed 
very closely that suggested by Willaman with the ex- 
ception that hydrolysis was accomplished before 
clarification. The Crookewitt method was applied to. 
the dahlia. The inulin was obtainable directly from 
the dahlia juices by freezing, and converted to levulose 


sirups of 86% to 90% purity. They made a study of: 


and provides the levulose factory with raw material for all-year operation. 


the solubility of levulose in water and decided it was 
feasible to crystallize from aqueous solutions. 

The Crookewitt method was also tried on a factory 
scale in 1926 by Hoche (37). Chicory was the raw 
material used. The levulose was crystallized from 
water solutions also in these experiments. Solutions 
of 84° to 88° Brix crystallized on seeding and holding 
at 40°C. 

In the ninety-year interim since the discovery of 
levulose the information accumulated has been chiefly 
concerned with three basic methods of preparation, those 
of Crookewitt, Dubrunfaut, and Harding. That these 
methods are insufficient is evidenced by the fact that 
levulose is not yet available in commercial quantities. 

The Harding method is unsuitable for commercial 
purposes by the originator’s own testimony. Even 
though the expense of handling might be decreased by 
refined technic the cost of glacial acetic acid would 
have to be markedly lower before levulose could com- 
pete with other sugars. 

The use of Crookewitt’s method, consisting of the 
isolation and purification of inulin, and its subsequent 
hydrolysis to levulose, requires a raw material, such as 
dahlia or chicory, which is high in inulin and low in 
other levulose-yielding polysaccharides. The agricul- 
tural difficulties encountered ‘in the raising of large 
quantities of these roots is a serious problem. Further- 
more, Jackson (38) has shown that levulose is not the 
sole product of the hydrolysis of inulin. Certain di- 
levulose anhydrides are formed which reduce the purity 
of the sirup and interfere with the crystallization of the 
sugar. The separation of inulin from the defecated 
juices is riot nearly as quantitative as would be indi- 
cated by its low solubility. Jackson (2) found that © 
the quantity of inulin recoverable was extremely vari- 
able and depended not only on the condition and variety 
of dahlias, but upon the method employed to induce 
crystallization. Thus, if the juice was cooled by stand- 
ing on ice overnight frequently as low as 60% of the 
inulin crystallized, while by freezing the entire mass 
and allowing it to thaw amounts varying from 66% to 
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85% were recovered. The expense of refrigeration 
is a handicap to commercial development. 

An advantage claimed for the Crookewitt method is 
the fact that a sirup with extremely low ash content 
can be prepared by hydrolysis of the inulin with a vola- 
tile acid, such as carbon dioxide or sulfur dioxide, under 
pressure. Kleiderer and Englis (39) reported that with 
carbon dioxide at a pressure of 70 to 80 atmospheres, 
conversion of inulin was complete in one hour at 160°C. 
The sirups obtained were very satisfactory in taste 
and appearance. Almost no caramelization occurred 
in the experiments. 
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of a levulose factory by seasonal campaigns would 
require the storage of some of the tubers for at least 
three months, this becomes a serious problem. If the 
tubers are allowed to freeze solidly they must thaw 
out very gradually or they become black and mushy. 
Such tubers are undesirable since they are difficult to 
wash, lose a part of their sugar content to the wash 
water, tend to crush as they are handled, and much 
juice is expressed in the slicer. As the period of freez- 
ing is lengthened the levulose-glucose ratio steadily 
decreases. The standard practice used for beets is 
therefore not adaptable to artichoke tubers. Tubers 


GENERAL VIEW OF PILOT PLANT FOR LEVULOSE PRODUCTION AT IOWA STATE COLLEGE 


THE PROCESS 


The Dubrunfaut method has the advantage that it 
can be applied to any levulose-yielding raw material. 
The process for the production of levulose as developed 
at Iowa State College (40) is an adaptation of this 
method, but differs from previous practice in a number 
of respects. These differences become of tremendous 
importance when large-scale production is contem- 
plated. Many raw materials have been studied, in- 
cluding sucrose (cane and beet), molasses, dahlia, 
chicory, and the Jerusalem artichoke. 

It has been pointed out that Jerusalem artichoke 
tubers, because of their thin periderm, are subject to 
rot and withering during storage. Since the operation 


that are “‘stored” by leaving them in the ground until 
spring show a progressive decrease in the levulose-total- 
sugar ratio. Tubers that are stored under optimum 
conditions in root cellars lose an appreciable amount 
of their levulose content. 

The Iowa process solves the storage problem and 
gains many other decided advantages by desiccating 
the tubers. The dried material may be stored indefi- 
nitely without loss of sugar content (41) and the fac- 
tory is able to operate throughout the year. This elimi- 
nates the expensive nine-month shutdown of the present 
sugar factories and enables a quarter-sized plant to 
equal the annual production of a full-sized one. Many 
efficiencies of this mode of operation are apparent. 
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PARTIAL VIEW OF 


Pitot PLANT. I 
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The diffusion battery is shown in the 
foreground. Above it and to the left is 
the jacketed conversion vessel. Follow- 
ing conversion and neutralization, the 
juice is filtered in the press on the left and 
delivered to the storage tank at the top of 
the picture. 


By the use of inexpensive local drying stations only 
the dried material need be shipped to the factory and 
the artichoke growing area for an individual plant can 
be greatly extended. One can conceive of a huge levu- 
lose factory drawing its raw material from a vast area, 
with resulting centralization economies. 

Jerusalem artichokes can be dried without harming 
the carbohydrates present provided proper precautions 
are observed. The temperature during the first stages 
of drying may be as high as 125°C. without injury to 
the chips and as the drying continues should be pro- 
gressively dropped until the final temperature does 
not exceed 80°C. The chips should be white when dry. 
Any formation of caramel will, of course, decrease the 
sugar content and cause difficulty later in the clarifica- 





tion of the extract. The drying coagulates the albu- 
minous matter and causes an increase of about 5% of 
the total albuminoids to be retained by the pulp upon 
extraction. It also renders the soluble albuminous 
matter more easily coagulable, and thus simplifies the 
clarification of the extract. The drying breaks down 
the cell structure and makes diffusion more easily 
accomplished. The levulose-total-sugar ratio remains 
unchanged in dried tubers when stored. 

The desiccation of beets has frequently been pro- 
posed as an improvement in the beet-sugar industry. 
In recent years the experimental factory at Eynsham, 
England, has been making an intensive study and the 
.Oxford modification of the De Vecchis process de- 
veloped (42). Many startling claims have been made 





¢ 


PARTIAL VIEW OF 
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The round tank at the top of the picture 
contains the converted artichoke juice and 
the square tank to the right front, the 
lime. The materials are fed continuously 
into the precipitator tank directly below, 
and the lime-levulate overflows into the 
pressure tank attached to the filter press 
at the right. After filtration, the lime- 
levulate is treated in the carbonator (fore- 
ground). The vacuum evaporator is 
shown at the extreme left. 
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WASHING AND SLICING JERUSALEM ARTICHOKE TUBERS PREPARATORY TO DRYING 


and denied concerning this process. Browne (43) has 
listed the chief objections to the process that have been 
advanced by foreign technologists. It is possible that 
the Oxford process would have greater appeal to the 
beet-sugar producers if the present large factories, de- 
signed to accommodate the entire beet production in 
a short time, were not already established. However, 
the problems of drying beets are not entirely compara- 
ble to the desiccation of artichokes and therefore the 
criticisms are not applicable to the production of levu- 
lose from the dehydrated tubers. The care required in 
beet drying to prevent inversion and resulting loss of 
sucrose can be neglected entirely in artichoke drying 
since inversion is necessary to the production of levu- 
lose. The levulose factories have not yet been built 
and therefore the possible loss and cost of a change of 
equipment to handle a modified process is of no con- 
cern. The levulose process is actually improved, the 
yields increased, and the cost lessened as a result of 
the desiccation. 

The desiccated tubers are extracted in the usual type 
of diffusion battery with hot water. The use of dried 
tubers permits a high concentration of solids in this 
solution, values from 30% to 50% being easily obtain- 
able. The levulose is present in the extract in the 
form of inulin and lower polymers called levulins (44). 
In order to convert these substances to levulose the 
solution is subjected to acid treatment. Since levu- 
lose is sensitive to acids, it is very important to control 
carefully the concentration of acid, the temperature 
and time of reaction during this hydrolysis. These 
factors must also vary with the concentration of solids 
in the extract. Incomplete hydrolysis would cause 
losses in the process to follow. The correct treatment 
for the complete hydrolysis of the inulin and levulins 


to levulose with a minimum of loss 
has been carefully worked out (45). 
This produces a solution of levulose 
contaminated with glucose and other 
soluble extractives of the plant cells, 
some of which are albuminous in 
character. The albumins are largely 
precipitated upon neutralization of 
the excess acid and the solution is 
ready for the separation of the levu- 
lose. 

The Dubrunfaut method is depen- 
dent upon the insolubility of the 
levulosate of calcium, or other alka- 
line earth metals. The correspond- 
ing salts of glucose are quite soluble. 
Calcium levulosate dissolves in 137 
parts water at 15°C. and at 0°C. 
is almost insoluble (46). Levulose 
is easily decomposed in the presence 
of alkali and the rate of decompo- 
sition increases with the tempera- 
ture. For these reasons all previous 
workers have formed the levulose 
salt at very low temperatures, rang- 
ing from below freezing to 5°C. The instructions 
warn that great care must be taken with this step, other- 
wise an unfilterable, gelatinous precipitate results. 
Obviously such conditions involve untold difficulties 
in commercial production. If it were necessary that 
this precipitate be formed, filtered, washed, and the 
levulose regenerated from it at these low temperatures, 
a vast amount of expensive refrigeration would be re- 
quired in a large plant. 

An extensive study of this precipitation has been 
made with a view to making the process more applicable 
commercially. A method has been developed whereby 
the precipitation and the subsequent operations may 











BATTERY OF EXPERIMENTAL CRYSTALLIZERS 
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be carried out at temperatures easily obtainable by 
the circulation of water. The reaction chamber is 
a water-jacketed vessel equipped with a high-speed 
agitator. The levulose solution and lime are added 
continuously, in the proper proportions, to a suspension 
of the insoluble levulosate previously formed which 
acts as “‘seed’’ for the crystal growth. The product is 
removed continuously from the reaction chamber and 
an easily filterable precipitate is the result. Filtra- 
tion may be accomplished by the use of a filter press 
equipped for washing or a continuous drum filter. 

The high concentration of the levulose extract ob- 
tainable from desiccated artichokes keeps the losses, 
due to the increased solubility of lime-levulosate at 
the higher temperatures, at a minimum. The loss 
of levulose due to decomposition by the strong alkali 
is prevented by the very rapid manipulation made 
possible by the technic of the continuous operation. 

The insoluble levulose compound is suspended in 
pure water and treated with carbon dioxide gas. This 





SuGAR CRYSTALS 
(A) Shows crystalline levulose as produced by the pilot plant. 
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geared to revolve very slowly. The concentrated sirup, 
usually about 90% solids, is placed in the crystallizer 
at a temperature of 50° to 60°C., seeded with levulose 
crystals, and the temperature lowered automatically, by 
a mechanical arrangement, to about 25°C. before spin- 
ning. The process requires from 24 to 36 hours. An 
ordinary sugar centrifuge is used to remove the crystals 
from the adhering molasses. Due to the high solu- 
bility of levulose, it is sometimes desirable to wash the 
crystals with a solution of pure levulose rather than to 
attempt this operation with water. If the crystals 
have been allowed to grow to a larger size than is de- 
sired, the washing may be conducted to advantage with 
water. 

As a result of several years of experience in the 
crystallization of levulose and a study of the optimum 
pH, temperature, rate of crystallization, and other fac- 
tors, it is now possible to control the crystal size at 
will. 

Levulose crystallizes in at least two distinct forms, 


The large levulose crystals in (B) are an answer to 


those who believe that levulose must resemble “powdered” sugar. Commercial beet sugar is shown in (C) for com- 


parison of crystal size. 





gas combines with the alkaline earth metal, forming the 
insoluble carbonate and leaving the liberated levulose 
dissolved in the water. When the carbonation is com- 
plete, the mixture may be heated to a moderate tem- 
perature for a short period of time to decompose any 
bicarbonates which may have formed. The insoluble 
carbonate is removed by filtration and the resulting 
levulose sirup is concentrated by vacuum evaporation. 

The proper crystallization of levulose from the sirup 
requires all of the technic developed through years of 
experience in the crystallization of sucrose and glucose, 
with added skill necessary to handle this more highly 
soluble and sensitive sugar. The crystallization may 
be conducted in the vacuum pan following the regular 
sugar-house practice, provided the sirup is of sufficiently 
high purity and a somewhat longer time is allowed for 
crystal growth. Sirups of lower purity may be handled 
with advantage in the familiar crystallizers equipped 
with slow-moving stirrers and temperature regulators 
for gradually lowering the temperature as crystalliza- 
tion progresses. The experimental crystallizer used 
at Iowa State College consists of a battery of ice-cream 
freezers equipped with adjustable heating elements and 








long silky needles and almost perfect cubes which 
become distorted as they increase in size. The needles, 
which are commonly formed when a concentrated levu- 
lose solution is allowed to stand at room temperature, 
are said to be levulose hydrate containing one-half 
molecule of water of crystallization (47). The cubes 
or prisms are formed at the higher temperatures as de- 
scribed above or when more dilute levulose solutions 
are allowed to stand at room temperature. 

The levulose molasses may again be concentrated to 
90% solids and a second crop of white crystals obtained. 
As many as three crystallizations have been successfully 
performed upon a single batch of sirup. The first 
crystallization yields an average of 40% of the weight 
of massecuite as crystals, and the second and third 
crystallizations about 35%. 

The levulose produced by the above-described proc- 
ess is pure white, very low in ash (less than 0.05%), 
and has an average specific rotation of —91° to —92°. 


BY-PRODUCTS 


By-products are a very important phase of modern 
industry and the levulose industry will be no exception 
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to this rule. Some of the possibilities are along lines 
already pioneered by the beet-sugar producers, while 
others are somewhat more unique. 

The Jerusalem artichoke yields a tremendous ton- 
nage of tops, averaging from 10 to 15 tons per acre. If 
these tops are harvested while green, they produce a 
very satisfactory ensilage. Unfortunately, when this 
is done, the yield of tubers is low. It is necessary, at 
least with the present varieties, to delay harvesting 
until after the first frost, and the tops at this time are 
dry and hard like cornstalks. No figures are available 
for the cost of harvesting the tops, but estimates 
based upon work with cornstalks (48) indicate that the 
cost should not exceed $1.00 per ton. At this low cost, 
it is possible that Jerusalem artichoke tops may become 
a valuable cellulosic raw material. The fibers are 


Cubical levulose crystals obtained by proper control of the 
crystallization process. 
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similar material by mixing it with molasses and drying, 
thereby producing a valuable stock food. The arti- 
choke pulp could be utilized in this manner or fermented 
to yield volatile acids such as acetic. In the latter 
case, yields as high as 50% to 55% acetic acid, based 
on the weight of dry material, are obtainable. 

The filter cake obtained following the conversion 
and neutralization of the extracted juice contains the 
albuminous protein materials of the artichoke tubers. 
If sulfuric acid and lime were used, it also contains a 
quantity of calcium sulfate. This material could prob- 
ably be used as a fertilizer because of its high nitrogen 
content. If a fermentation process were operated in 
connection with the levulose plant, the filter cake could 
profitably be used as a protein nutrient. For this 
purpose, it would be desirable to eliminate the calcium 


Hydrated needle-shaped levulose crystals obtained by low- 
temperature crystallization. The spreading, fanlike forma- 
tion is clearly shown. 


PHOTOMICROGRAPHS OF LEVULOSE CRYSTALS 


longer and stronger than those of the cornstalk, and 
very satisfactory wallboard has been made from the 
material by the Chemical Engineering Department of 
Iowa State College. The material would seem to be as 
satisfactory for paper pulp as cornstalks. Another 
possibility, as yet untested, is the utilization of this ma- 
terial in fermentation processes. An average analysis 
of the dried matured tops is as follows: 

6.22% 

14.79 


21.01 
13.91 


Reducing sugars 
Non-reducing sugars 
Total sugars 

Starch 

Pentosans 3.59 
Protein 6.87 
Ash 6.21 


The diffusion process yields an extracted pulp com- 
posed of the cellulosic plant tissues and other water- 
insoluble components of the original Jerusalem arti- 
choke tuber. The sugar-beet industry disposes of a 


sulfate content by converting the artichoke juice with 
an acid such as hydrochloric, which forms no insoluble 
compounds with the lime used for neutralization. 

The filtrate from the lime-levulosate precipitation 
contains the glucose originally present in the artichoke 
together with a small amount of levulose. By the use 
of concentrated juices obtainable from dried tubers, the 
sugar content of this filtrate can be made as high as 12% 
making it an ideal medium for fermentation. Tests 
conducted by the Biophysical Division of the Chemistry 
Department yielded 40% to 45% ethyl alcohol. With 
increasing demand for industrial alcohol and its even- 
tual widespread use in blended motor fuels, this may 
become an important source of revenue for the levulose 
factory. : 

Because of the high purities obtained in the levulose 
sirup, the molasses resulting from the separation of the 
crystals is likewise very pure and is in no way com- 





Avucust, 1933 


parable to beet or cane molasses. Levulose molasses 
will, therefore, be handled in an entirely different 
manner. As many as three crops of white levulose 
crystals have been obtained from a single batch of 
sirup. Each crop removes from 35% to 40% of the 
levulose present. A relatively high proportion of the 
material is thus obtained in crystalline form, and the 
remaining molasses may still have a purity as high as 
80%. Several possibilities are open for the utilization 
of this material. It has none of the bitter taste of beet 
or cane molasses, and this fact together with its high 
levulose content and sweetness make it suitable for a 
table sirup and for use in confectionery and preserving. 
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These fields will probably absorb the entire output, but 
the levulose manufacturer will be independent of this 
market. He may, if he wishes, simply add the molasses 
to the raw artichoke juice and start it back through the 
process again. Since levulose is precipitated as an in- 
soluble compound and washed free of all impurities 
including soluble salts, there is little danger of trouble 
provided the process is carefully controlled. Other 
alternatives include the use of the molasses with the 
extracted pulp to produce stock food, and the prepara- 
tion of various organic materials by fermentation and 
synthetic processes, for example, the production of 
mannite by a process of electrolytic reduction (49). 
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The organic reactions of the textbooks have been super- 
seded by new and entirely different processes in industry. 
Catalytic and high-pressure processes have brought about 
a revolution in organic chemical production. Not only 


have new processes displaced old, but new and more com- 
plex products are crowding out the ones we previously 
knew. The chemistry student must know more of what 
is actually going on in chemical plants if he is to be re- 
garded as chemically intelligent. 


++ + + + + 


T IS WELL, from time to time, that educational 
I leaders consider the scientific progress in our indus- 
trial world. Particularly of late has keen competi- 
tion forced the adoption everywhere of the simplest 
and most economical of manufacturing steps. Indeed, 
change from the old order has become the general rule. 
The teaching of organic chemistry in our schools and 
universities is well known to lag far behind the state of 
its art. This discrepancy has come about primarily 
by reason of the zealous care exercised by industrial 
laboratories in making their discoveries as secure as 
possible against encroachment. In a world of approxi- 
mately two hundred thousand compounds no single 
patent is likely to secure much to the inventor. 

The teaching of inorganic chemistry, on the other 
hand, is much more closely in line with industrial prac- 
tice. A mere thirty to thirty-five thousand compounds, 
all falling into distinctive groups of a periodic system, 
offer little that cannot be fairly well covered in early 
patents. 

But beneath all this the failure of organic chemical 
instruction to keep abreast of the times lay in a lack of 
broad chemical training on the part of the instructors 
themselves. In the early days of this century little 
attention was given in our universities to organic chem- 
istry. Today it is unfolding magnificently and is in- 
deed ‘‘chemistry par excellence.” All chemical cur- 
ricula must be adjusted accordingly. 

It was not until the first decade of this century that 
American texts on general chemistry devoted so much as 
a single chapter to the carbon compounds—chiefly, 
carbon monoxide and carbon dioxide. In the second 
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decade a university course in general chemistry was 
made to include a discussion of organic bases, acids, and 
esters. Today first-year students of chemistry must be 
inculcated with a wide range of knowledge of organic 
chemical reactions. Tomorrow first-year students of 
chemical science must be made familiar not alone with 
elementary inorganic and organic chemistry but like- 
wise with the principles of that third great branch of 
chemical science, namely, biochemistry. 

It becomes, therefore, the duty of those in charge of 
curricula at all educational institutions to work con- 
stantly toward the elimination of much that is trite 
and valueless in chemical courses. When thorough- 
going basic chemistry is taught then one can expect to 
meet college graduates capable of understanding con- 
temporary chemistry in the industrial world. True, 
those preparing directly for chemical work will have 
taken a goodly portion of extra instruction in chemical 
and allied sciences; but the great mass of students, 
even those with only one year of chemistry, certainly 
should be classifiable as chemically intelligent even 
though it be in minor matters only. Unless a student 
grasps the import of carbon compounds on this mundane 
sphere he can have little or no insight into the science 
of chemistry as a whole and its relations to humanity. 

Many reactions as described in the organic chemical 
textbooks of today are altogether obsolete. _Histori- 
cally, of course, these old processes are of interest but in 
in an advancing science too much time cannot be given 
to historical considerations. 

It will suffice here to review the past ten years and to 
note the outstanding developments in organic chemistry 
as compiled under the general classifications of aliphatic 
and aromatic compounds. 


ALIPHATIC COMPOUNDS 


By 1923 the Patart process for hydrogenation of 
carbon monoxide was in actual operation. This process 
opened up a vast series of reactions involving the oxides 
of carbon in reaction with hydrogen or its compounds 
in the presence of catalysts under pressure. The simple 
production of methyl alcohol from carbon monoxide 
and hydrogen has received intensive study in all coun- 
tries and today most of our methanol arises through 
this process. The product of the half-way stage in this 
reaction, namely, formaldehyde, has not as yet attained 
commercial separation, though production of the more 
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highly oxidized end-product, formic acid, can be com- 
mercially instituted on short notice. 

An interesting outgrowth of this general process is 
the reaction of halogenated or hydroxylated hydrocar- 
bons upon carbon monoxide. Thus Dieterle and 
Eschenbach in 1927 announced the production of 
benzoyl chloride by the action of carbon monoxide 
upon chlorobenzene. A great number of patents in 
this field have been issued and much work at present is 
under prosecution, looking toward the commercial pro- 
duction not only of benzoyl chloride from chloroben- 
zene but also of acetyl chloride from methyl! chloride. 

In the case of alcohols the reaction of carbon monox- 
ide upon methyl alcohol as announced by H. Dreyfus 
in 1927 yields atetic acid directly. So far the higher 
temperatures and pressures here necessary have not 
led to particularly good yields in final product. 

From the foregoing it is quite evident that carbon 
monoxide holds the key position to the future of organic 
chemistry. Carbon dioxide will find similar use. 
Even now it is reported that in certain reactions carbon 
dioxide without pressure will replace carbon monoxide 
in processes where pressure has been required. 

The lower aliphatic hydrocarbons have commanded 
intensive interest everywhere. Among the saturated 
derivatives we note that methane by direct chlorination 
by the Martin process can now be made to yield methyl 
chloride on an economical scale; a thing practically un- 
attainable ten years ago. Further halogenation of 


methyl chloride is practical, but we still manufacture 


carbon tetrachloride from carbon bisulfide. In several 
parts of the country the halogenation of propane, bu- 
tane, and pentane is now carried out commercially, 
and the resulting monohalides are made to yield the 
corresponding alcohols by hydrolysis. Among the 
dihalides ethylene bromide and chloride and propylene 
chloride supply a steady market. Secondary and 
tertiary butyl alcohols are now made in large quantities 
from corresponding sources to supply increasing de- 
mands. 

The thermal decomposition of the lower aliphatic 
hydrocarbons has been the subject of intensive study. 
Methane, of course, yields ethylene and eventually 
acetylene before final decomposition. The cracking 
of ethane from natural gas constitutes one of the two 
chief sources of commercial ethylene. Propane yields 
ethylene and methane, while normal butane yields 
propylene and methane or finally ethylene and methane. 
Decomposition of propylene takes place in the neigh- 
borhood of 650°, whereas a temperature of somewhat 
over 1000° is usually required for the decomposition 
of methane. The second chief source of commercial 
ethylene arises from the cracking of higher petroleum 
fractions. 

It is to the unsaturated lower aliphatic hydrocarbons 
that many chemists at present are devoting their 
studies. The same old process for manufacturing 
acetylene by the action of water upon calcium carbide 
is still in vogue, but certainly it cannot éndure much 
longer. Acetylene thus prepared carries a very high 
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cost even when credit is taken for all of the possible 
by-products of the process. With present price ranges 
this cost of acetylene cannot be considered much less 
than four cents per pound. 

The use of acetylene is increasing markedly in the 
manufacture of halogen addition products, chief of 
which is trichloroethylene so useful in the extraction of 
caffein from coffee; acetylene tetrabromide likewise 
meets with specific uses. The principal use of acety- 
lene today in the chemical manufacturing industry is in 
the preparation of acetaldehyde, acetic acid, and acetic 
anhydride. When acetic acid is treated with acetylene 
in the presence of a mercury catalyst, ethylidene diace- 
tate results and the latter under catalytic decomposition 
by the Gustave Roy process of 1924 yields acetic an- 
hydride and acetaldehyde, where the latter is inhibited 
from polymerization. 

Another procedure, that of Strosacker (1930), oper- 
ates in this country for the conversion of large quanti- 
ties of acetylene into acetic acid, but in the form of its 
sodium salt. An aqueous caustic soda solution under 
pressure constitutes the hydrating agent. Ethylene 
also is reported as reacting in similar fashion to give the 
same end-product. Though numerous patents have 
been issued covering the high-temperature dehydration 
of acetic acid to acetic anhydride, and encompassing a 
wide range of catalysts, they are by no means valuable 
in comparison with newer and far more interesting 
dehydrations at lower temperatures. 

Ethylene has been meeting with a still greater variety 
of application than acetylene. The old-time reaction 
of ethylene upon hypochlorous acid to yield ethylene 
chlorohydrin was carried out extensively in Germany 
during the World War. In this country to a slight 
extent during the war, and especially directly after the 
war, ethylene chlorohydrin was manufactured and 
hydrolyzed to ethylene glycol but several years elapsed 
before any interest could be found for this final product. 
Somewhat later another company took up the work and 
succeeded in getting ethylene glycol on the market as an 
anti-freeze for automobile radiators. Then, further, 
nitroglycol and dinitrodiglycol met with growing use 
as non-freezing explosives. The production of ethylene 
glycol has increased through use of many of its deriva- 
tives, especially its ethers and esters, such, for example, 
as the monoethyl ether known as cellosolve, and other 
such compounds admirably suited as solvents for cellu- 
lose esters. We must not overlook here the anhydride 
of ethylene chlorohydrin itself, which is, of course, 
8,8’-dichloroethyl ether. This ether has found com- 
mercial use (under the name of chlorex) in certain 
selective extraction processes leading to higher grades 
of lubricating oils. 

Ethylene oxide as derived directly from ethylene 
chlorohydrin has likewise met with a growing demand. 
Its combination with ammonia to give eventually 
triethanolamine has afforded the industry a penetrant 
for other solvents. Again ethylene oxide is used in 
the preparation of phenylethyl alcohol by the Grignard 
reaction, where it is employed together with chloro- 
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benzene and magnesium. As far as is known this is 
the only commercial application of the Grignard proc- 
ess. Dioxane, or the ring-type structure of dimolecu- 
lar ethylene oxide, is another distinctly new compound 
of interesting solvent properties and has come recently 
into new demand. 

The hydration of ethylene proceeds nowhere near so 
easily as does that of acetylene. Many patents cover- 
ing all manner of methods have been issued in this do- 
main but none so far is preferable over the old-time proc- 
ess of treating ethylene with sulfuric acid to give 
ethyl hydrogen sulfate, and splitting off ethyl alcohol 
from the latter by hydrolysis, thus releasing the acid 
for further use, particularly in the manufacture of 
ammonium sulfate. The overall yield in ethyl alcohol 
is fair but this is no longer a deciding factor when the 
price of the original ethylene is only about one cent 
per pound. Just a few years back two cents per 
pound was considered an especially low price for ethyl- 
ene. 

The further development of ethylene in commerce 
promises to be stupendous. The present cost of acety- 
lene in its relation to ethylene is militating against its 
own progress. Necessity knows no mercy. Acetylene 
must be made at a cost not appreciably over twice the 
cost of ethylene or at approximately two cents per 
pound as of today. The work of Franz Fischer and 
his co-workers on the high-temperature cracking of 
methane is sufficiently prophetic of such realization. 

That most interesting tendency toward polymeriza- 
tion among unsaturates is best exemplified by acety- 
lene. According to Mignonac, acetylene under the 
influence of a silent electric discharge at low tempera- 
ture proceeds as far as the trimeric state of which the 
recently described divinyl acetylene as obtained by 
Nieuwland, in the action of acetylene upon ammoni- 
ated cuprous salt, is a practical illustration. The di- 
meric form, or vinyl acetylene, has been shown by 
Carothers to take up hydrogen chloride readily and 
yield 2-chlorobutadiene, or chloroprene, analogous in 
structure to isoprene (in which the methyl group of 
the latter is replaced by a chlorine atom in chloroprene). 
Chloroprene readily polymerizes to a synthetic rubber 
called duprene, a product possessing excellent elastic 
properties coupled with high resistance to oils. Com- 
mercial production of these acetylene polymers is now 
under way and meeting with increasing application. 
The polymeric divinylacetylene is known as synthetic 
drying oil, which is a chemically resistant lacquer. 

These rapid developments among the aliphatic un- 
saturates have actually threatened some of the best 
known and established of natural processes. Thus, 
ethyl alcohol from ethylene has threatened the mil- 
lenium-old fermentation of monosaccharides to alco- 
hol. The Weizmann process for special fermentation 
of starch into n-butyl alcohol and acetone is even now 
threatened by synthetic butanol. 

The organic chemist of vision entertains no fear for 
the natural sources of such well-known compounds. 
When ethylene is given away free the cost of ethyl 
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alcohol from such source can never drop below its cost 
through fermentation of waste carbohydrates where 
bacteria and enzymes labor without pay. At present 
the approximate over-all manufacturing cost of ethyl 
alcohol from either source is from twelve to fifteen cents 
per gallon, or slightly more than two cents per pound of 
100% ethyl alcohol. Even this is entirely too high as 
the organic diagnostician can readily envisage. 

When acetaldehyde undergoes the well-known aldol 
condensation to crotonaldehyde and this in turn is re- 
duced, we come to the commercial synthetic process for 
n-butyl alcohol now in operation. Needless to say, 
butyl alcohol by fermentation will always hold the ad- 
vantage over the synthetic product so long as there is 
abundant use of the by-product, acetone; but again 
the growing demands for ethyl acetate now producible 
in large measure by the Zeisberg process of 1927— 
which is a Cannizzaro reaction involving two molecules 
of acetaldehyde originating im situ from ethyl alcohol— 
may at times shift the advantage to the side of ethyl 
alcohol source, because in this latter process -buty] 
alcohol is obtained as a by-product. 

Among alkyl metal compounds the introduction of 
tetraethyllead is an example of a former curiosity at- 
taining large commercial production; here by reason 
of its serviceability in reducing knock in internal com- 
bustion motors. Though the action of sodium-lead 
alloy upon ethyl chloride constitutes the general method 
for its preparation, it is interesting to know that the 
Grignard reaction may serve admirably and economi- 
cally to the same end. 

In the field of carbohydrates a world of possibilities 
lies before us. The degradation of starch into glucose 
has attained huge proportions in this country. In the 
fermentation industries mention must be made of the 
commercial production of glycerin in large quantities 
by the alkaline fermentation of sucrose. Citric acid 
also is produced commercially by enzymatic action of 
fungi upon glucose. 

The reduction of the carboxyl groups of aliphatic 
acids to produce the corresponding alcohols has long 
occupied the attention of chemists. Only of late have 
we attained that end commercially. This reduction is 
found by Schrauth (1928) to proceed under the influence 
of mild dehydrogenative (hydrogenative) catalysts in 
the presence of activating agents and under a pressure 
of about 200 atmospheres below 350°. When esters of 
unsaturated higher aliphatic acids are employed hy- 
drogenation takes effect also at points of unsaturation. 
By treatment of these higher aliphatic alcohols with 
sulfuric acid there are formed the monoalky] sulfuric 
esters which display such excellent detergent proper- 
ties. The sodium salts of these sulfuric esters are now 
displacing old-fashioned soaps in use with lime or hard 
water—the organic alcohol radical is not precipitable by 
metallic ions. 

In the simple hydrolysis of sucrose we are now ob- 
taining in a small way marketable quantities of levu- 
lose so much desired by diabetic patients. This process 
is to be increased this summer to produce five hundred 
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pounds of levulose per day and soon the commercial 
production of other monosaccharides will follow. 

Cellulose is meeting with greater and greater diversi- 
fication in the production of artificial silk-like fibers 
and in various types of ethers and esters. Possibly 
cellulose acetopropionate offers the best lead in many 
years. 

In this connection mention should be made of the 
dehydration of certain pentoses into furfural; oat 
hulls constituting here the chief source of supply. 
Furfural as an aldehyde of the furane group is adapt- 
able to many commercial organic processes where 
formerly the simpler formaldehyde found use. The 
ring splitting of furfural, accompanied by oxidation, 
may easily afford a low-priced succinic acid when need 
for this acid attains large proportions. 

Among the terpenes and related compounds synthetic 
camphor stands out as of greatest import. This syn- 
thesis however takes as its starting point the a-pinene 
component of our oil of turpentine. Though begun in 
a large way some time ago its manufacture in America 
has just been revived. 

When we include the element nitrogen in aliphatic 
structures we shall need to mention particularly the 
reaction of carbon dioxide upon ammonia to yield urea. 
This process is now operating successfully in this coun- 
try. It constitutes a large factor in the fertilizer indus- 


try. Again in a small way the basic protein glycine, 
or amino acetic acid, is under daily production. 
prepared by the ammonolysis of chloroacetic acid. 


It is 
Its 

use in feeding to patients lacking proper muscular de- 

velopment is meeting with phenomenal success. 


AROMATIC SERIES 


The counterpart of pyrogenic processes on aliphatic 
hydrocarbons is represented by the commercial pro- 
duction of xenene (formerly called diphenyl) direct 
from benzene. It is advisable here that no metal 
whatever come in contact with the heated benzene 
vapors. The cost of finished xenene to the manufac- 
turer does not exceed twice the price of the benzene. 

The halogenation of benzene has proceeded in such 
a measure that one of the by-products, hydrochloric 
acid, has found here its principal commercial source. 
The chief by-product, paradichlorobenzene, is meeting 
with increasing use as a deodorant and insecticide. 
In the halogenation of xenene a wide range of chloro- 
xenenes result, a number of which now find steady pro- 
duction and serve particularly as dielectric media. 

The alkali hydrolysis of monochlorobenzene by the 
Hale-Britton process has commanded ever-increasing 
attention. This process requires the passage of chloro- 
benzene and dilute aqueous caustic soda solution con- 
taining a definite quantity of diphenyl oxide through a 
continuous tubular system at five thousand pounds 
pressure and at about 360°C. During a thirty-minute 
passage the hydrolysis is complete. Since the reaction 
is exothermal, use of heat interchangers practically 
obviates the necessity of external heatirtg. Direct 
hydrolysis of chlorobenzene, bromobenzene, and iodo- 
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benzene by water vapor alone requires an equally high 
temperature for each and is productive of poor yields 
and much loss of material. Theoretically this aqueous 
vapor hydrolysis of benzene halide should be ideal. 
Though many patents have been taken out to cover a 
wide range of such procedures none is commercially 
operative. 

The next step forward in hydrolysis of chlorobenzene 
will undoubtedly comprehend the initial formation of 
diphenyl oxide by the action of lime water upon the 
benzene halide and the subsequent hydration of the 
diphenyl oxide by weak alkaline solution such as sodium 
phenate by which the diphenyl oxide is directly con- 
verted to free phenol. The cost of phenol from chloro- 
benzene is possibly twenty to twenty-five per cent less 
than its cost by the sulfonation process. In fact there 
is only one remaining plant in this country operating 
by the old-fashioned sulfonation process; such opera- 
tion is continued by reason of a considerable demand at 
present for the by-product, sodium sulfite. 

In addition to a good yield of phenol through alkaline 
hydrolysis of chlorobenzene there is simultaneously ob- 
tained a small quantity of ortho and para hydroxy- 
xenene, 7. €., ortho and para xenols (formerly known as 
ortho and para phenylphenols). The quantity of these 
xenols can be increased in ratio to the phenol but not 
materially so. As these new phenols now are meeting 
with such intensive interest and diverse adaptations it 
has become necessary to install special additional manu- 
facturing units for each of them. Thus, when xenene 
itself is chlorinated and put through low-temperature 
hydrolysis we obtain, of course, high yields of the cor- 
responding xenols. 

Ortho xenol today occupies that position in the phar- 
maceutical industry which phenol held some twenty 
years ago. It is thirty-eight times more powerful 
than phenol as against standard bacilli. It is odor- 
less, tasteless, and absolutely non-toxic to man. The 
use of ortho xenol, now manufactured to the extent of 
thousands of pounds daily, is advancing by leaps and 
bounds. Para xenol likewise is finding increasing use 
in the plastic and dye industry. In plastics in particu- 
lar it leads to finished products notably resistant to 
high temperatures and hot water. 

The co-product in the modertt phenol process is di- 
phenyl oxide but its formation, of course, is under per- 
fect control. However, this highly inert compound is 
sold not alone as a geranium perfume but primarily 
as a heat-transfer agent. In this latter domain a mix- 
ture of diphenyl oxide with small quantities of xenene 
is found to possess excellent merit. A new side reac- 
tion in the modern production of phenol may later be 
developed to yield ortho phenyldiphenyl oxide or ortho 
phenoxyxenene of very high boiling point, undoubtedly 
serviceable likewise as a heat-transfer agent. 

Furthermore the commercial reduction of phenol to 
cyclohexanol is affording us a solvent of unusual proper- 
ties and one which is meeting with use in certain re- 
fining processes. It is interesting to note that the re- 
duction products of the xenols furnish still further in- 
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teresting types of solvents—particularly at the half- 
way reduction stage known as cyclohexyl phenols. 

The reduction of benzene itself into cyclohexane is in 
small production; the oxidation of benzene into maleic 
acid by the Weiss and Downs process of 1920 has only 
lately come into commercial possibilities. The hydra- 
tion of maleic acid is now made to yield malic acid. 
Fumaric acid, the isomer of maleic acid, has become 
the source of most of our succinic acid by the Norris 
process involving electrolytic reduction. Maleic acid 
can likewise be used to this end, but in this case the 
introduction of a diaphragm, with higher cost, is in- 
volved. 

The manufacture of anthraquinone of high purity by 
the Gustav Heller process, namely, the action of 
phthalic anhydride on benzene in the presence of 
aluminum chloride, has attained large proportions. 
Certain derivatives of anthraquinone have lately been 
prepared by the same general process. Former dif- 
ficulties in the purification of commercial anthraqui- 
none have thus been entirely obviated. 

The ammonolysis of chlorobenzene to aniline by the 
Hale-Britton process, employing aqueous ammonia 
under eight hundred pounds pressure and in the pres- 
ence of specially prepared catalysts, has resulted in 
placing on the market a quality of aniline well-nigh 
unobtainable by any other process. The co-products 
in this new process are diphenylamine and phenol. 
The latter, of course, is in demand but diphenylamine 
itself, though its production here is held under perfect 
control, has not met with any extensive use. When 
new uses for diphenylamine arise, such that thousands 
of tons may be required, then its procurement is assured 
at a price practically equivalent to that of aniline. 
This superior aniline by the new process costs consider- 
ably less than that prepared by the cumbersome and 
troublesome benzene nitration and reduction; even 
less than when the nitric acid component of expense in 
the old-time nitration method is considered nil. 

Among the dyes there has grown up an increasing 
demand for the naphthol AS class. A large number of 
such dyes, anilides of oxynaphthoic acid, are now manu- 
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factured and developed as such on the textile fibers. 
For rayon silk the disazo class is chiefly in use and par- 
ticularly those containing metallic elements in the 
molecule. When compounds of the naphthol AS type 
are mixed with diazotized bases they yield the well- 
known Rapid Fast dyes, and when mixed with stabi- 
lized aromatic compounds they lead to the recently an- 
nounced and highly valuable Rapidogens. An interest- 
ing class of new vat dyes take their rise in polycarboxy- 
naphthalenes. Throughout the dye industry a much 
more extensive adaptation of higher and more stable 
counterparts of the former intermediates is now the rule. 

Among perfumes and pharmaceuticals a vast array 
of newly discovered compounds is in use. Hexylre- 
sorcinol is illustrative of the advance in chemical struc- 
ture looking to more efficient antiseptics. Just recently 
the manufacture of pyridium, or phenylazo-a,a-diamino- 
pyridine, has given us a new type of internal urinary 
antiseptic. New barbituric acid derivatives, especially, 
have come to the fore. Among salicylic acid deriva- 
tives none is more promising than salicylic ethyl car- 
bonate which offers all the advantages of aspirin 
without the deleterious effects attributed to the latter. 
In anesthesia the introduction of divinyl ether is mak- 
ing steady progress; it is not only more rapid than ordi- 
nary ether in its effect but scarcely one-fifth as much 
need be employed. To this general field which com- 
prises production in lesser quantities it is impossible in 
this brief space to give proper attention. Such dis- 
cussions belong rather to a study of organic chemicals 
in medicine and the arts. 

The processes already enumerated as actually in 
operation are sufficiently suggestive of whatever criti- 
cism is needed in university instruction in organic chem- 
istry. Contrary to the old-fashioned tenets of the 
textbooks even of today, let it be emphasized that 
ethyl acetate need not be made from acetic acid; 
benzene halides are easily hydrolyzed; sugars were 
never intended as foods alone. In general, we may con- 
clude that many of the organic chemical compounds 
of a generation ago must now give way to their more 
complex counterparts. 
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THE PROGRAM for the meeting of the Division of 
Chemical Education of the American Chemical So- 
ciety at Chicago during the week of September 11th 
is to be a short one. The Council of the Society has 
asked the various divisions to reduce their programs to 
a minimum in view of the special circumstances sur- 
rounding the Chicago meeting. It is felt that members 
will wish to hear the many foreign visitors and also to 
have as much time as possible to spend at A Century of 
Progress. Accordingly, there will be one session of the 
Division, on Tuesday morning, at which the general 
topic of the papers will be the use and function of mu- 


MEETING 


seums and exhibits in the field of education. In the 
course of this, Dr. Irving Muskat will describe and ex- 
plain the chemical exhibits at A Century of Progress of 
which he is in charge. Plans are being made for the 
Division to visit the Exposition that afternoon, either 
in a body or in small groups. The regular luncheon will 
be held Tuesday noon. It is hoped that the brevity 
of the Division’s program at this meeting will not dis- 
suade members from attending, but rather encourage 
them to avail themselves of the special opportunities 
of the meeting. 
N. W. RaKESTRAW, Secretary 





ICE CREAM 


H. A. SCHUETTE ano FRANCIS J. ROBINSON 


Laboratory of Foods and Sanitation, The University of Wisconsin, Madison, Wisconsin 


The evolution of ice cream from the iced beverages and 
the rich, cloying, frozen desserts of a bygone period to the 
scientifically compounded, highly nutritious, modern 
product is described, with reference to typical recipes of a 
later date and to the current commercial manufacturing 
practice. Factual evidence of its introduction into 
America, the land of its adoption where it eventually out- 
stripped the countries of its origin in the degree to which 
it has been developed and in the popularity accorded it, 
is presented in the form of newspaper advertisements of 
the days of the Revolution. 


++ + + + + 


EW food-manufacturing processes are so com- 

pletely surrounded from ingredient to end-product 

by the applications and implications of chemistry 
as is the large-scale production of ice cream. Here test- 
ing and research properly belong to the sphere of the 
food chemist who has, however, allied himself with the 
dairy chemist, the colloid chemist, the physical chemist, 
and the bacteriologist to learn of the microscopic and 
ultramicroscopic structure of ice cream which manu- 
facturers declare so vitally affects the palate-appeal of 
the product. Because ice cream is probably the most 
complex dairy product on the market, one presenting a 
wide field for investigative attack, it is not strange to 
find the growth of our knowledge of this food closely 
associated with the development of the several branches 
of pure chemistry. Thus the dominant interest has 
shifted successively from problems of empirical com- 
position to those of qualitative and quantitative meth- 
ods of analysis, then to the organic chemistry of its 
constituents and, more recently, to the physical chem- 
istry and the nutritional aspects of this food. Ice cream 
has been called America’s national dessert; yet its ori- 
gin is as conspicuously foreign as that of the other foods 
which have already been discussed in this series (1). 

What is the meaning of the name “ice cream’? Is 
it a corrupted form of ‘‘iced cream’? Does the word 
“cream” have the force of an adjective in the sense that 
this food is a cream ice, a product evolved from the ices 
of a bygone period? Inasmuch as ice cream is not a 
spontaneous invention, but rather the result of an 
evolution of a confection, the conclusion that the latter 
hypothesis is probably correct does not appear to be an 
a priori one. 

Little is known of the exact origins of ice cream. Its 
beginnings are almost legendary. Although our knowl- 
edge of the refrigerated articles of food and drink of the 
ancients is limited to frozen or chilled fryit juices and 
chilled wines, it seems not illogical to assume that there 
was a gradual progression from water ices to mixtures 


containing milk and cream and that this occurred 
wherever the quality of milk and cream as beverages or 
foods was highly regarded. Then, too, it seems that the 
literary men of earlier times had not as much concern 
for milk as for wine. 


ICED BEVERAGES OF EARLY DAYS 


The Pharaohs of ancient Egypt are said to have had 
their wines cooled by the rapid evaporation of water 
contained in shallow basins well insulated by a packing 
of straw. In regions not far removed from mountains 
a rather common practice was the storing of snow that 
had been gathered by slave runners from the higher 
peaks. During the siege of Petra, Alexander the Great 
is reported to have had thirty trenches dug, filled with 
snow, and covered with oak branches in order that his 
coquettes might not languish for want of cool refresh- 
ments. Solomon (Proverbs, 25:13), too, appears to 
have appreciated cool drinks during the warm harvest 
season, but that was before Hippocrates, the father of 
medicine, cautioned: 


It is dangerous to heat, cool, or make a commotion all of a 
sudden in the body, let it be done which way it may, because 
everything that is excessive is an enemy to nature. Why should 
anyone run the hazard in the heat of summer of drinking iced 
waters, which are excessively cold, and suddenly throwing the 
body into a different state than it was before, producing thereby 
many ill effects? But, for all this, people will not take warning, 
and most men would rather run the hazard of their lives or 
health than be deprived of the pleasure of drinking out of ice. 


The Romans, also, seem to have been fond of nivatae 
potiones (cooled drinks) which were a rather common 
luxury of the wealthy, yet it is probable that the prac- 
tice of cooling liquors at the table of the great was not 
usual in any country outside of Italy and the neighbor- 
ing states before the end of the sixteenth century. 
At that time the use of snow and ice was well known at 
the French court although indulgence in this practice 
was apparently considered by the people themselves as 
a mark of excessive and effeminate luxury. And in 
this connection it may be timely to recall a satirical 
comment on the voluptuous life of Henry III that by 
royal order, but contrary to the prevalent notion that 
their use would cause extraordinary maladies, this 
sovereign had decreed that large quantities of ice and 
snow should everywhere be preserved that the people 
might cool their liquors. 

It is also during this century that other datum points 
pertinent to this account may be found. For example, 
the use of saltpeter in conjunction with ice or snow for 
the artificial production of low temperatures first be- 
came known during the middle of this period, but the 
fact that other salts, particularly sodium chloride, might 
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chapter on this subject of how this sover- 
eign was so pleased with the “frozen milk” 
which his new French chef had prepared 
for a regal banquet that he pensioned 
him with twenty pounds sterling a year, 
provided he would keep the recipe a secret 
and make the dish for no one else. 

It seems reasonable to assume that 
during the eighteenth century ices and 
ice cream became well known, for in a 
number of cookbooks of that period reci- 
pes for making these dishes may be found. 
One such, ‘‘to make ice cream,’’ is here re- 
produced verbatim for it illustrates the 
practice followed in England at that time 


(2). 
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Take two Pewter Basons, one larger than the 
other; the inward one must have a close Cover, 
into which you are to put your Cream, and mix 
it with Raspberries or whatever you like best, to 
give it a Flavour and a Colour. Sweeten it to 
your Palate; then cover it close, and set it into 
the larger Bason. Fill it with Ice, and a Hand- 
ful of Salt; let it stand in this Ice three Quarters 
of an Hour, then uncover it, and stir the Cream 








FIGURE 1.—FRONTISPIECE AND TITLE PAGE OF Emy’s “‘ THE ART OF 


MAKING FROZEN DESSERTS” 


be similarly employed appears not to have been dis- 
covered until later. Like many other important dis- 
coveries—gunpowder was once declared to be a trifling 
find—artificial ice was at first used merely for amuse- 
ment, its preparation an interesting experiment, for 
apparently none suspected that it would ever become 
first an important item of luxury and then one of neces- 
sity. 
FROZEN DESSERTS APPEAR 


This period saw the appearance of frozen desserts in 
France, introduced in Paris, as has been often claimed 
for her, by Catherine de Medici herself. Perhaps this is 
true and if so it was indeed an accomplishment for one 
whose life, up to the time of her marriage to the Duke 
of Orleans at the age of fourteen, had been spent in an 
Italian convent school. It seems plausible, however, 
that the Italian cooks following in her retinue gave 
France these new desserts which eventually became an 
article of commerce in the year 1660 or thereabouts 
when Procopio Cultelli, an Italian, established a café 
in Paris where ‘‘iced creams,’ sherbets, and frozen 
lemonades were served. Its proprietor, it may be 
added, had begun his career as a limonadier, being one 
of some two hundred fifty master limonadiers who were 
organized as a trade guild which officially supplied 
Parisians with lemonades. 

England, during the reign of Charles I, was also to 
make the acquaintance of this new dessert but, if the 
reported conditions surrounding its introduction are 
indeed factual, royalty alone was to know of it. The 
story has several times been quoted by those who have 
prefaced their treatises on ice cream with an historical 


well together; cover it close again and let it stand 
Half an Hour longer, after that turn it into your 
Plate. These Things are made at the Pewterers. 


The most pretentious contribution of that day to the 
subject of ices and ice creams was that of the French- 
man Emy whose efforts in this field, ‘‘L’art de bien faire 
les glaces d’ office’ (The Art of Making Frozen Desserts), 
took the form of .a treatise of some two hundred 
forty pages (Figure 1). Its raison d’étre, so the reader 
is told in substance, was the absence at that time 
(1768) of authoritative information on ways and means 
of making frozen desserts good and agreeable. This 
end might be attained, it was stated, by giving attention 
not only to the proper preparation of the ingredients but 
also to the manner of congealing them. The author 
does not merely give directions for producing a “food 
fit for the gods’”’ but even expounds on the origin of 
ices as well as on the philosophical explanations of the 
causes for the freezing of liquids. His “‘explanations”’ 
of freezing, however, do not indicate an intimate ac- 
quaintance with the scientific opinions current in his 
time. 

ICE CREAM ARRIVES IN AMERICA 


Ice cream had definitely arrived in America during 
Revolutionary days, if not before this time, for what is 
deemed to be the first newspaper advertisement an- 
nouncing the sale of ice cream on this side of the At- 
lantic appeared during this period. It was printed in 
the New York Gazette of May 19, 1777 (Figure 2). 
Herein Philip Lenzi, a ‘“‘confectioner from London,” 
announced that ice cream was obtainable at his shop 
almost every day. This advertisement was followed 
by one three years later in which Joseph Corre pro- 
claimed that he was still serving the ‘‘Ladies and Gentle- 
men of this garrison, upon the most reasonable terms, 
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with ice cream ....’”’ (Figure 2). Inasmuch as the 
words “‘ice cream’’ were given a conspicuous position 
in this advertisement the thought suggests itself that 
this confection had become fairly well known in a rela- 
tively short time. But quite apart from the antiqua- 
rian interest which attaches to these advertisements is 
the fact that they were in a sense prophetic of the day 
when the adopted home of ice cream was to outstrip 
the countries of its origin in the degree to which it was 
to be developed and in the popularity accorded it by 
Americans who apparently never took seriously the 
Hippocratic advice against the use of iced foods. 

What recipe did this “‘confectioner from London” 
and his competitor follow in making their ice cream? 
The answer is, of course, a matter of conjecture, yet it 
seems not improbable that in the cookbooks of their 
day may be found some which, if not actually adopted 
by them, were at least typical of the time. Such a one 
from ‘“‘The Experienced English Housekeeper” (1784), 
a popular book in its day, might very well serve as an 
example (3). 


Pare, stone and scald twelve ripe apricots, beat them fine in a 
marble mortar, put to them six ounces of double refined sugar, 
a pint of scalding cream, work it through a hair sieve, put it into 
a tin that has a close cover, set it in a tub of ice broken small, 
and a large quantity of salt put amongst it, when you see your 
cream go thick around the edges of your tin, stir it, and set it up, 
take it out of your tin, and put it into the mould you intend it to 
be turned out of, then put on the lid, and have ready another tub 
with ice and salt in it as before, put your mould in the middle and 
lay your ice under and over it, let it stand four or five hours, 
dip your tin in warm water when you turn it out; if it be sum- 
mer you must not turn it out till the moment you want it; 
you may use any sort of fruit if you have not apricots, only ob- 
serve to work it fine. 


Already a trend toward development of the formula is 
apparent, likewise the probability that ice cream was 
not then necessarily a seasonal dish. 

New York, the garrison socially brilliant during 
British occupancy, gave way to New York the young 
nation’s first capital in which another phase of social 
life began with its balls, its banquets, and its enter- 


tainments. To these functions ice cream was a con- 
tributive refreshment. It found a place also on the 
dessert list of banquets honoring officialdom when the 
nation’s capital was to find its permanent home in 
Washington, D. C. The credit for having introduced 
it there is claimed by some for Mrs. Alexander Hamil- 
ton; others aver that this honor should go to Mrs. 
James (‘Dolly’) Madison. 

It seems certain that ice cream did not appear only 
at the tables of the socially elect for we find that many 
of the American cookbooks of the early part of last 
century contained at least one recipe for making this 
dish. Even the strenuously titled “Cook not Mad; 
or Rational Cooking’’ (1831) includes among its ‘“‘good 
Republican dishes”’ a recipe for making ice cream and in 
a cookbook of somewhat later date (1851) there may be 
found complete directions for making no less than 
thirty-four different ice creams and eighteen different 
water ices (4). 
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FIGURE 2.—EARLY AMERICAN ICE-CREAM ADVERTISEMENTS 


In marked contrast to the simplicity which charac- 
terized the early recipes are those of a later date. 
These, when analyzed in terms of the present-day prac- 
tice appear to be frozen custards, since eggs and milk 
form part of their composition. Their appearance 
marks another distinct development in this dessert. 
Data on the first appearance of these custards are, at 
the moment, obscure, yet an example quoted from a mid- 
nineteenth century ‘‘simplified and entirely new system 
of cookery’ bearing the bizarre title of ‘““The Gastro- 
nomic Regenerator’ (5) is illuminating. 


Vanilla Cream Ice 


Put the yolks of twelve eggs in a stewpan, with half a pound of 
sugar, beat well together with a wooden spoon, in another stew- 
pan have a quart of milk and when boiling throw in two sticks of 
vanilla, draw it from the fire, place on the lid and let remain until 
partly cold, pour it over the eggs and sugar in the other stewpan, 
mix well, and place it over the fire (keeping it stirred) until it 
thickens and adheres to the back of the spoon, when pass it 
through a tammie into a basin, let remain until cold, then have 
ready a pewter freezing-pot in an ice-pail well surrounded with 
ice and salt; put the above preparation into it, place on the 
lid, which must fit rather tightly, and commence twisting the 
pot around sharply, keeping it turned for about ten minutes, 
when take off the lid and with your spatula clear the sides of the 
interior of the pot, place the lid on again, turn the pot ten minutes 
longer, when again clear the sides and beat the whole weil to- 
gether until smooth, it being then about half frozen, then add 
four glasses of noyeau or maresquino and a pint and a half of 
cream well whipped, beat the whole well together, place the lid 
upon the top, keep twisting it round a quarter of an hour, clear 
well from the sides, beat again well together, proceeding thus 
until the whole is frozen into a stiff but smooth and mellow sub- 
StGGE, 6... <5 


It is indeed an interesting reflection of the public taste 
of those days that the addition of a liquor to a “cream 
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ice’’—four out of the eight recipes are involved—was 
apparently deemed necessary but the use of artificial 
coloring matter, such as cochineal, was a matter of 
personal preference, ‘if approved of.” 

The “‘pewter basons”’ (2), the tightly covered tin (3), 
or the freezing pot (5) set in a tube of ice were in time 
superseded by more efficient appliances designed not 
only to reduce the labors of the pastry cook’s assistant 
but also to improve the quality of the product, for 
ice cream, in the early days of its preparation, was not 
agitated as is the current practice. It was ‘‘still frozen” 
and merely stirred enough to remove the congealed 
portions from the sides of the vessel so that the un- 
frozen cream might be brought into contact with the 
refrigerant. 


THE ICE-CREAM FREEZER 


The story of the development of the ice-cream freezer 
(6), from the crude beginnings alluded to above to the 
very efficient modern commercial units, constitutes 
quite another field of interest. Of this only that phase 
which is pertinent to the domestic appliance need be 
reviewed here. France, already rich in ice-cream lore, 
began to issue freezer patents in 1829; Great Britain 
granted letters patent to Thomas Masters in 1843 (7) 
for a device which consisted essentially of a pewter 
can containing a three-bladed revolving ‘‘spatula’”’ and 
surrounded by a “‘frigorific material’; whereas on this 
side of the Atlantic such patents were first granted in 
the year 1848 (Figure 3). The first of this group of 
patentees makes mention in his application of a freezer 


, ” 


then in use known as “‘Johnson’s,’”’ of which the novel 
































FIGURE 3.—PIONEERS OF THE ICE-CREAM FREEZER INDUSTRY 
IN AMERICA 


Freezers patented in the United States, reading from left to 
right: by W. G. Younc, No. 5601, May 30, 1848; by A. H. 
Austin, No. 5775, September 19, 1848; and by H. B. Massrr, 
No. 5960, December 12, 1848. 


feature was a revolving shaft or beater on which there 
were affixed two curved wings for agitating the cream. 
Although it was known as “‘Johnson’s Patent Ice-Cream 
Freezer,’’ there is no record to show that this device 
was in fact protected by letters patent as the name 
suggests. To W. G. Young, who “greatly facilitated 
[the operation of freezing] by causing the freezer itself 
to move rapidly as well as the cream inside’ apparently 
goes the distinction of receiving the first freezer patent 
in the United States. It was a cumbersome piece of 
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apparatus as was also the Austin freezer. The latter 
was a device for congealing the cream in the annular 
space between two concentric cylinders, the smaller 
of which was filled with ice and salt whereas the larger 
was surrounded by this freezing mixture. The cream 
was agitated with a plunger which served also to scrape 
the frozen product from the walls. The Masser 
freezer suggests the modern domestic contrivance with 
its dasher and revolving container but imitates its 
predecessor in having also a central freezing core. 

One other freezer (8) merits mention, not because of 
any really practical features embodied in its operation 
but because of the fact that the inventor was probably 
ahead of his time by actually working for an “‘over-run”’ 
in the ice cream which his freezer would produce. The 
nature of this invention consisted in causing “‘a blast of 
chilled air to permeate, be diffuséd through and disturb 
the liquids and materials of which ice cream is made.”’ 
The chilled blast was obtained by drawing air into a 
receptacle which was made to surround the sides and 
bottom of the vessel containing the refrigerant. By 
being led through horizontal branch tubes, it was made 
to bubble up ‘‘throughout the whole body of the liquids 
and materials intended for ice cream and besides ex- 
tracting caloric from them by its own immensely ex- 
tended contact therewith,” it thoroughly “disturbed”’ 
them and brought “‘every portion of the same into con- 
tinually repeated contact with the refrigerating sur- 
faces.’”’ Much was expected, it seems, of an air current 
of the force and volume that one could inveigle out 
of an ordinary manually operated bellows and drive 
into a slowly congealing mass! 

With the evolution of the freezer in the years that 
followed came improvements in refrigeration processes, 
the result of which was that ice cream began to leave 
the shop of the confectioner for the factory of the 
wholesaler. That movement was initiated in the 
United States by Jacob Fussel in 1851. Similar estab- 
lishments, stimulated at first by Fussel’s pioneering and 
then by the application of electrical power and improve- 
ments in manufacturing equipment and transportation 
facilities, sprang up during the latter part of the past 
century. The advantages of large-scale production 
had become apparent. 


ICE-CREAM STANDARDS FORMULATED 


Soon after the turn of the century all the food indus- 
tries were to feel the newly invoked police power of the 
federal government in the form of the Food and Drugs 
Act of 1906. That its authors sponsored it as an instru- 
ment of regulation but that it exceeded this end by 
becoming also an unconscious incentive to research in 
improvement of product, is for the moment beside 
the point. Relevant to this account, however, is the 
fact that, following the passage of this law, there came 
the formulation of a legal standard for ice cream entering 
interstate commerce. Such of the several states as 
had not already done so established their own stand- 
ards for the purpose of intrastate commerce. In so 
far as they pertain to butter-fat content, these standards 
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vary throughout the nation from eight to fourteen per 
cent., the increment being, with one exception, two 
per cent. 

It is difficult to account for this variation. Obvi- 
ously it reflects the varied preferences of the consumers, 
some demanding a rich product, others one less so. 
The distribution of these butter-fat standards defies 
any exact analysis on a geographical basis. It appears, 
however, that in the states on the Atlantic seaboard 
and in the contiguous group the choice is almost equally 
divided between the eight and ten per cent. products, 
but in the Pacific coast and mountain states region the 
ten per cent. ice cream—no lower standard is here 
recognized—far outstrips in popularity its nearest 
competitor, one of fourteen per cent. butter-fat content. 
When the Mississippi river is made the point of de- 
parture in a classification scheme it appears that east 
of it the eight and ten per cent. standards share an 
equal popularity, whereas west of this line ice creams 


of ten and twelve per cent. butter-fat content find the. 


greatest favor, the former being in the lead. And so 
it is throughout the country at large. The ten per cent. 
fat standard has more proponents than any other; 
next in favor is that which is also the minimum, or 
eight per cent. 

Approximately three-fourths of the states have estab- 
lished two butter-fat standards. One affects plain 
ice cream whereas the other, which is always lower, per- 
tains to those varieties which contain either fruit or 
nuts. Wherever such a double standard exists the 
difference is, with one exception, two per cent. 


THE INGREDIENTS OF ICE CREAM 


The ingredients of an ice-cream mix of an earlier day 
were cream, milk, sugar, a flavoring material—the latter 
when a fruit serving also as coloring agent—and eggs. 
It is still the household practice to make it from some 
or all of these materials. When, however, science be- 
came interested in ice cream, cookbook methods and 
recipes were scrapped, the mix was accurately standard- 
ized for butter fat, milk serum solids, sugar, and lesser 
ingredients with the result that a product of better 
quality and texture, of greater stability and with 
less tendency to become icy in shipment or in storage 
under soda fountain conditions was obtained. Most of 
the raw materials of the modern commercial ice cream 
are, fundamentally, still the same as those of old al- 
though it is probably true, in a sense, that the ice- 
cream maker now reconstitutes a cream of such physical 
and chemical characteristics as will yield a finished 
product of the desired qualities. 

Seven different kinds of substances are now utilized 
in compounding an ice-cream mix, the number of each 
actually entering any one formula being, of course, 
determined by the type of finished product desired. 
These substances are dairy and poultry-yard products, 
sweetening agents, protective colloids or “stabilizers,” 
farinaceous materials, flavoring agents, and coloring 
matter. An eighth group of ingredients, so-called 
“improvers,’’ should perhaps be mentioned for his- 





473 





torical reasons if none other. They have lost the vogue 
which they enjoyed some time ago for it has since been 
experimentally demonstrated that they possess doubt- 
ful merit. These substances are for the most part of 
biological origin. The majority of them are either 
rennet or pepsin preparations and, therefore, they de- 
pend upon the action of a coagulating enzyme. 

Among the dairy products upon which the ice-cream 
maker draws are cream, sweet unsalted butter, butter 
oil, and milk, or certain of its manufactured products. 
Besides malted milk, casein, and albumin, the latter 
are those which are obtained by concentrating it, whole 
or skimmed, with or without the addition of sugar, or by 
dehydrating the skimmed product toa powder. The use 
of unsweetened evaporated milk is limited to those mixes 
in which its presence will not be noticeable. Malted 
milk finds also a narrow field of application since it 
can be used only for making a special ice cream. 
The same is true of milk albumin although the situa- 
tion here isnot analogous. Some hold that an ice-cream 
mix to a large extent owes its whipping ability to this 
ingredient. 

Sucrose is still the popular sweetening agent. It is, 
however, finding competition in commercial invert 
sugar and in those misnamed—scientifically speaking— 
maize products, corn sugar and corn sirup. Maple 
sugar, honey, and malt sirup also do service in this 
capacity but theirs is a dual réle in that they are added 
to an ice-cream mix for the flavor which they also con- 
tribute. 

Eggs fresh from the shell, frozen or desiccated, or 
sometimes only the powdered yolk itself, constitute the 
contribution of the poultry yard to the ice-cream indus- 
try. The custard type of product requires the use of 
any one of these except the last-named. Since this 
substance functions as a protective colloid, it finds a 
more general application because of the ability of ma- 
terials of this nature to inhibit the growth of ice 
crystals for it is a well-established fact that an ice 
cream, having been whipped while it was being frozen, 
contains a very large number of such crystals and that 
they tend to coalesce on standing. For this reason, and 
also because materials of this nature retard the develop- 
ment of ‘‘sandiness,” a condition‘ascribed to the separa- 
tion of lactose crystals, the latter is called a ‘‘stabilizer.”’ 

There are still other stabilizers available for use. 
Another—very widely used—is gelatin. Once out- 
lawed as an ice-cream ingredient, since its presence in 
the mix was interpreted as an attempt at questionable 
gains, it now has a recognized place there, thanks to 
our newer knowledge of nutrition. Its stabilizing ac- 
tion does not cease when ice cream enters the alimentary 
tract and is ingested for it has been shown that it is an 
ideal adjuvant in the digestion of milk protein in that 
it retards the formation of coagulated masses of casein. 
Such a curdy mass offers a much smaller surface and 
hence is more resistant to gastric digestion than is an 
emulsion. It acts also as a demulcent in that, because 
of its presence, the intensity of cold in ice cream is not 
felt as much as in ice (9). 
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Besides stabilizers of animal origin, of which gelatin 
is the outstanding representative, there are some, as for 
example gum tragacanth, Indian gum, agar-agar, and 
preparations made from the carob bean, which are ob- 
tained from vegetable sources. Regardless of the type 
of material used, the quantity necessary to effect the 
desired results is relatively very small with respect to 
the total quantity of the ingredients of an ice-cream 
mix. 

In the group of farinaceous materials utilized by the 
ice-cream industry are tapioca, rice, corn and arrow root 
starch, and rice or wheat flour. It is only the frozen 
custard formula which requires such an ingredient. 
The substances which are used to flavor an ice-cream 
mix may be either the natural article or a synthetic 
imitation thereof. They are too obvious to require 
enumeration. The trend in choice of coloring matters 
has been away from those of natural origin, except burnt 
sugar or caramel, to synthetic dyes. The use of the 
latter is, however, restricted to such as are of ap- 
proved character and of certified quality. 


STEPS IN MANUFACTURE 


Eight distinct operations are involved in the manu- 
facture of a commercial ice cream. A thorough mixing 
of the ingredients is followed by the application of heat 
in order to dissolve them. Close attention to the first 
step helps to increase the capacity of the mix to whip 
over that which would result if this precaution is dis- 
regarded, a better body and a smoother texture in the 
finished product are in part obtained as a result of the 
second operation. Pasteurization of the mix is the 
next step. Aside from the fact that this is a health 
measure which makes ice cream a safe food, it enhances 
also its keeping qualities. 

A very important operation now follows. While still 
hot the mix is homogenized, or ‘‘viscolized,’’ the results 
of which are manifold, to wit: a multiplication of the 
number of fat globules and with it enlarged surface 
areas, an increase in the viscosity of the mixture, a 
reduction in the quantity of gelatin required to form a 
gel in the ice cream (10), and a reduction, by about 
one-half (10), of the size of the air cells in the finished 
product. The sum total of all of these effects is a 
smooth ice cream of an improved quality. 

The usual practice, after homogenization, is to cool 
the mix to a temperature slightly above freezing and to 
hold it at this point for at least a day. This operation 
is known as the aging or ripening stage. Since it is 
apparently closely connected with the surface phe- 
nomena and equilibria of the proteins and fat particles 
(11) it would seem that during this period of rest these 
ingredients come to equilibrium with the surrounding 
medium (12). It was for the purpose of effecting econo- 
mies in time here that recourse was once made to the 
use of so-called ‘‘improvers.’’ These economies, how- 
ever, were often nullified by the fact that the coagula- 
tion of the proteins proceeded too far with a resulting 
loss of the entire batch or that the enzymic action of the 
“improver,”’ although temporarily controlled, eventu- 
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ally caused the ice cream to take on a curdled ap- 
pearance when melted. 

The next step, freezing and the simultaneous incor- 
poration of air, or whipping, is that stage in which the 
mix actually assumes those external characteristics 
which make it in fact ice cream. It is frozen and 
whipped at a temperature somewhere between 21°F. 
and 25°F., and, when the desired increase in volume or 
“over run’ has been reached, the semifrozen mass is 
drawn off into cans which are then placed in the harden- 
ing room at O0°F. Here the freezing is completed. 
The product is now ready for the retailer. 

Leighton (12) points out that ice cream is not stable 
unless there is ice formation and that this stabilization 
of the whipped mass may be attributed to one of two 
possible factors: either the small ice particles go into 
the interfaces of the air bubbles or the foam is stabilized 
by the increase of the protein-fat concentration due to 
the separation of the ice. He adds also that these re- 


-lationships will bear investigation. 


FOOD VALUE OF ICE CREAM 


Ice cream is a concentrated food. It is a milk prod- 
uct, a sufficient reason in itself why its dietary virtues 
need no praise. A brief re-statement of these virtues 
should, therefore, suffice. 

An easy digestibility, qualitatively and quantitatively 
abundant mineral constituents and proteins which are 
complete and better assimilated than most others, make 
ice cream a food of an unusual nutritional value. It 
has a high energy content and is well supplied with 
vitamins. It is an outstanding source of vitamin A. 
As for G, it has been estimated (13) that, weight for 
weight, it should contain about two-thirds to three- 
fourths as much of this vitamin as fresh milk, itself our 
most important source of this factor. It is a good 
source of B but not an outstanding one for either C or 
D. Pasteurization, if it does not destroy, at least 
probably depletes the vitamin C stores of the mix, a 
loss which could be partially compensated by the incor- 
poration of fresh fruit. The vitamin D content of milk 
fat is less than that of some other fats, notably that of 
the egg, yet, as Sherman points out (14), the amount 
of this vitamin obtained by the individual is consider- 
able in view of the consumption of the former not only 
as milk itself but also in the form of its products, as 
cheese, butter, cream, and ice cream. 

Besides those properties of its components which 
have been enumerated above, ice cream has nutritional 
virtues of its own. The stabilizing action of gelatin 
and its prevention of the formation of large curds in 
the stomach, a condition insuring a better and more 
rapid digestion of the casein, has already been men- 
tioned. Ease of digestion is further facilitated by the 
finely dispersed condition of the milk fat globules, the 
result of homogenization. 

Ice cream, as now made, is no longer the rich, sweet, 
cloying product of the days of its infancy. Rather it 
is a highly palatable food, an attractive way of getting 
milk into the diet. Pediatricians do not hesitate to 





Avucust, 1933 


feed it to infants when they have reached the age when 
they may have other foods besides milk, and physicians 
prescribe it for convalescents. The popularity of this 
food is reflected statistically by the fact that in the year 
1910, when the first data were made available, the per 
capita annual consumption was 1.04 gallons. Nineteen 
years later it had almost trebled (3.0 gallons)! 

Ice cream is not the product of any facile magic. It 
apparently took its origins in the water ices and chilled 
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beverages of ancient times and eventually, by a gradual 
process of evolution, became the grand dessert of six- 
teenth century Italy and France. During modern 
times it acquired a more democratic flavor. In 
America, especially, has it left the small shop of the 
confectioner and the kitchen of the housewife for the 
factory of commerce to become a standard commodity 
within the reach of any one having a five-cent piece. 
It is our national dessert. 
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Part I of this paper discussed the chemical nature, 
probable geological origin, and economic significance of 
phosphate minerals and described briefly the principal 
American deposits. Part II outlines the chief methods 
of mining phosphate rock and preparing it for market. 
Recent methods of recovering and processing phosphate 
minerals and the uses of products obtained are discussed. 
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MINING AND PREPARATION OF PHOSPHATE ROCK FOR 
MARKET 


HE methods employed in mining and preparing 

phosphate rock for the market depend on the 

character of the material and its mode of occur- 
rence. There is a great similarity in the methods of 
handling Florida hard rock, Florida pebble, and cer- 
tain deposits of disintegrated brown phosphate in 
Tennessee, but the various steps differ as to details. 
These three types of phosphate occur either in flat or 
gently rolling country and are usually covered with an 
overburden of such a character as to permit its removal 
by steam shovel, drag-line, or hydraulic means. Where 
the drag-line can be used it is preferred, as this machine 
makes it possible to remove enormous tonnages at a 
very lowcost. This immense piece of equipment moves 
slowly along the phosphate deposit, stripping a section 
fully one hundred feet in width and dumping the over- 
burden onto a spoil bank usually located in a parallel 
mined-out pit. No cars are required to haul the top 
soil away as when a steam shovel is employed. 


After the overburden is stripped, the method of min- 
ing the phosphate matrix depends on the nature of 
the rock exposed. In the case of Florida hard rock, 
the matrix is either dug by steam shovel or dredge, de- 
pending on whether the deposit is above or below the 
normal water table. With this type of rock, hydraulic 
mining is impractical because of the large bowlders of 
phosphate (some of them weighing several tons) which 
occur in the deposits. These must often be blasted 
before they can be loaded into cars. The matrix is 
loaded into tram cars, hauled up a steep inclined trestle 
to the washer plant, and dumped upon a grizzly, or 
grating, which allows material two inches or less in 
diameter to pass through into the washer. The larger 
pieces are broken up with sledges and are also passed 
through the grating by being sprayed with heavy 
streams of water. 

In the case of the Florida pebble phosphate as well 
as certain deposits in Tennessee, hydraulic mining is 
employed because the size of the phosphate particles is 
such that they can be readily pumped through a ten- to 
twelve-inch pipe line. In hydraulic mining heavy 
streams of water under a pressure of one hundred to 
one hundred sixty pounds per square inch wash the 
banks of matrix down into a sump where it is taken up 
by centrifugal pumps and conveyed through heavy 
steel pipe lines to the washer plant. In deep mines, or 
where the washer is a long distance from the mine, a 
second pump or “‘booster’’ is often required to raise the 
material to the proper height. 
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The washer plants also vary in detail but the most 
modern are of all-steel construction. More elaborate 
washers are employed as a rule in the pebble fields than 
in the hard-rock area. Space forbids full descriptions 
of the various types of washers, but the essential fea- 
tures consist of a series of vibrating and rotating screens 
followed by several pairs of logs thirty feet or more in 
length, which rotate in opposite directions in an in- 
clined trough. A series of blades or teeth bolted to 
the logs in the form of a spiral knead or work up the 
matrix as it enters the lower end of the trough and 
carry it forward while streams of water are continually 
sprayed upon the mass to remove the adhering clay, 
sand, and soft phosphate. The water carrying the 
fine foreign material in suspension flows back to the 
lower end of the trough and is discharged through a 
flume onto a waste heap. From the logs, the partially 
cleansed phosphate passes through revolving cylindrical 
rinsers of perforated metal where it is sprayed with 
further quantities of water and the remaining particles 
of adhering impurities removed. A separation of 
coarse and fine particles of phosphate is made in these 
rinsers. Dorr classifiers or rakes are used in some of 
the plants for effecting a separation of the granular ma- 
terial from the slimes, and separating tables which 
depend for their effectiveness on slight differences in 
the specific gravity of the fine phosphate and silica 
sand are alsoemployed. The Florida hard-rock plants 
usually run their coarse material over a “pickling belt’’ 


‘where skilled laborers remove flint rock, clay balls, 


and limestone from the phosphate, but such a scheme is 
impracticable in the pebble phosphate plants because 
of the small size of the product. The flow-sheet of a 
typical phosphate washer in the pebble fields is shown 
in Figure 1. 
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FIGURE 1.—FLOW-SHEET OF A TYPICAL PHOSPHATE WASHER IN 
THE FLORIDA PEBBLE FIELDS 
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Of the total material handled from a deposit of hard 
rock phosphate, after the overburden is removed, an 
average of not more than 20% is recovered as market- 
able rock. The rest of the material, consisting of sand, 
clay, soft phosphate, and finely divided rock is dis- 
charged into waste ponds. The actual quantity of 
P.O; thus discarded is fully as great as that saved and 
marketed as high-grade rock. . 

In the pebble fields, before the introduction of the 
“flotation process’ for separating very fine particles 
from the silica sand, the average recovery of marketable 
rock was in the neighborhood: of 20%, although indi- 
vidual deposits gave a higher yield. Flotation has also 
been applied to certain deposits of brown rock in 
Tennessee and a product of excellent grade thus re- 
covered from material formerly considered of little 
economic value. The general procedure employed in 
flotation is described further in this paper. 

Tennessee blue rock, the Arkansas phosphates, and 
the deposits in the western states are usually mined or 
quarried like seams of coal or limestone. Where the 
beds are more or less horizontal, main tunnels are driven 
into the phosphate and at regular intervals, rooms are . 
turned off at right angles, the overlying strata being 
supported either by heavy timbers or by leaving pillars 
ofrock. The rock is mined by drilling and blasting, and 
the slabs or lumps are subsequently broken up by 
sledges, loaded into tram cars and hauled to the sur- 
face. Where the phosphate occurs as sharply in- 
clined strata, as is the case in many of the deposits of 
western phosphate, stoping is resorted to, the phosphate 
flowing by gravity into main tunnels where it is loaded 
directly into cars. 





Courtesy of Hoover and Mason 
A PILE oF TENNESSEE BROWN RocK PHOSPHATE 
Note the wide variation in the size of the material. 
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Bedded phosphate deposits which are not very por- 
ous seldom require any washing and very little fuel 
is required to dry them, but underground mining is 
more costly than the stripping of a medium thickness 
of loose overburden and the removal of the phosphate 
by hydraulic means. 

Practically all phosphate rock containing appreciable 
percentages of moisture is dried by passing it through 
direct-fired rotary kilns heated by oil or coal. These 
kilns are similar to those used in the cement indus- 
try, but, as a rule, are much shorter (twenty-five to 
thirty feet in length) and have no refractory lining. 
They are equipped with flights which shower the rock 
through the flame and hot gases, thus facilitating the 
drying operation. Such kilns have a capacity of from 
twelve to fifty tons of dried rock per hour, depending 
on their size, the character of the rock, and the percent- 
age of moisture contained therein. 

The rock is usually dried down to a moisture content 
of one per cent. or less and loaded into dry bins to await 
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shipment. Special hopper-bottom cars with closed 
tops are employed in the pebble fields of Florida for 
transporting the dried rock to the ports where modern 
elevators load it into vessels for shipment abroad and 
to the fertilizer plants in this country. 
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PROSPECTING FOR HARD-ROCK PHOSPHATE IN FLORIDA 


RECENT ADVANCES IN THE MINING AND TREATMENT OF 
PHOSPHATE ROCK 


During the past ten to twelve years distinct advances 
have been made in methods of recovering phosphate 
rock at the mines, and in processes for treating the 
mineral to produce phosphoric acid, phosphate salts, 
and phosphatic fertilizers. Some of these improve- 
ments have not only lowered the cost of mining the 
crude material but have made it possible to recover or 
use phosphate rock which was formerly wasted, and 
thus their introduction is equivalent to increasing our 
reserves of this essential mineral. 

The Drag-line—The electric-driven drag-line for 
the removal of overburden has been one of the out- 

standing improvements in the 
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DRAG-LINE REMOVING OVERBURDEN IN SwWAMPY GROUND 
This drag-line has a 165-foot boom, and uses a 6-cubic yard bucket. 


machine is 820,000 pounds. 


mining of Florida and Tennes- 
see phosphates. This enor- 
mous piece of equipment which 
weighs fully four hundred tons, 
contains a 450-horsepower mo- 
tor-generator set which supplies 
a variable direct current to the 
several motors mounted therein, 
each of which drives a machine 
performing a different operation. 
The machinery is so well co- 
ordinated, however, that an ex- 
perienced operator can fill the 
heavy steel scoop (of ten tons 
capacity), hoist the material 
from fifty to one hundred feet 
in the air, swing the one hun- 
dred sixty-foot latticed steel 
boom, and dump the contents 
of the bucket on the spoil bank 
in one minute or less. 

The drag-line has been almost 
universally adopted in the 
Florida pebble-phosphate fields, 
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and has so lowered the cost of 
removing overburden that de- 
posits formerly considered un- 
workable are now being profit- 
ably exploited. Under good 
average working conditions, the 
cost of stripping by this method 
is considerably less than five 
cents per cubic yard. 

Flotation.—The application of 
the principles of flotation to the 
Florida pebble phosphate and 
to certain deposits of brown 
rock in Tennessee is another 
outstanding development. Mix- 
tures of very fine phosphate 
granules and silica sand (from 
20 mesh down to 200 mesh) can 
thus be separated and a high- 
grade phosphate product re- 
covered which was formerly lost 
where only washing and screen- 
ing were employed. Moreover, 
flotation makes it economically 
practicable to re-work many of the old “debris dumps’”’ 
which for many years have been regarded as almost 
worthless, and thus has greatly lengthened the life of 
the Florida phosphate deposits. This process is thor- 
oughly covered by patents.!? 

The flotation process as practiced in the Florida 
pebble-phosphate regions by the largest producer of 
phosphate rock may be briefly described as follows. 

The matrix as it is pumped from the pits is put 
through the usual washing and screening process but all 
material passing through the fine screens usually 
employed, as well as the ‘‘back wash’ from the logs, 
is discharged into settling tanks where the bulk of the 
slime is removed by overflowing into a launder, and 
hence through a flume to the waste pond. The fine 
granular material in the settling tanks then passes 
through a series of Dorr rake classifiers where it is 
partly de-watered and further quantities of slime re- 
moved. It is then run over screens and the coarser 


122U.S. Patents Nos. 1,547,732; 1,761,546; 1,780,022; 1,795,- 
100. 
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HYDRAULIC MINING OPERATIONS 


The nozzle pressure of these hydraulic guns is 185 pounds per square inch. 


material (+24 mesh) separated and ground in a rod 
mill to flotation fineness. Some further de-sliming is 
usually necessary, and then the thoroughly washed 
granular mixture is elevated to large storage bins. 

This so-called pulp is drawn from storage and passed 
through a cylindrical mixer where it is coated with the 
flotation reagents, consisting of a mixture of fuel oil, 
pine oil, alkali, and fatty acids. 

The treated mixture of fine phosphate pebbles and 
silica sand is then pumped to the first of a series of deep 
flotation cells containing rapidly revolving beaters 
which agitate and aérate the pulp. A froth is thus 
formed to which the particles of phosphate cling, and as 
this froth rises to the surface of the cells, it is continu- 
ously skimmed off by mechanically operated paddles. 

Practically all of the silica sand drops out in this first 
cell, but it carries down with it some phosphate par- 
ticles. The settled material, therefore, must be treated 
to recover further quantities of phosphate, so the re- 
jects from the first cell are treated in a second, those 
from the second in a third, the roughing operation being 

repeated five times before the 
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phosphate is entirely separated 
and the residue discharged as a 
nearly pure white silica sand. 

The separated phosphate, or 
concentrate, is then elevated 
to steel bins, the surplus water 
drained off, the product loaded 
into cars and shipped to the 
drying plant. 

Not only is the flotation prod- 
uct often of a higher grade than 
the coarser pebbles obtained 
from the same deposit by the 
usual washing and screening 
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process, but this method of separating the phosphate 
from the sand makes it practicable to exploit deposits 
which otherwise could not be economically handled. 
This is well illustrated by the data given in Table 3, 
which shows the recovery of phosphate product from 
two mines in the Florida pebble region. 

In the first case (Deposit No. 1) both flotation and 
the usual washing and screening process were employed, 
while in the other case (Deposit No. 2) washing and 
screening only were used in separating the rock from 
its associated impurities. 


TABLE 3 


COMPARISON OF THE RECOVERY OF PHOSPHATE PEBBLE FROM Two DEPosITs, 
ONE OF WHICH WAs BEING MINED IN THE USUAL MANNER, AND THE OTHER 
PUT THROUGH THE FLOTATION PLANT 

Deposit No. 1% Deposit No. 2 


(Flotation (Without 

Items Employed) Flotation) 

BE CE NOE ins 66a ks sie ne ese heeewns 69374 261/2 
Total Cubic Yards Handled............... 22,742 8,162 


Cais Ts OE TR oo oc wiv bs cc ccescoes 326 308 


Tons of Pebble (without Flotation)......... 2,084 2,072 
Tons of Concentrates (Flotation Product)... ieee ti‘ th 
Total Tons of Pebble and Concentrates..... 3,599 2,072 
Cubic Yards Matrix per Ton of Pebble...... 10.9 3.9 
Cubic Yards Matrix per Ton of Concentrates ese | og Riess 
Cubic Yards Matrix per Ton of Pebble and 
CIID. 5 6 :6.6 5-5 60.6600 2088-68 850906 os- §‘eaei 
Tons of Pebble per Hour.....cscoveccccecs 29.6 78.2 
Tons of Concentrates per Hour............ ee 
Total Tons of Product per Hour........... 51.6 78.2 
see ee ee Sr eT er ras 72.84 B.P.L. 
Grade of Concentrate Recovered..........es0008 75.16 B.P.L. 


@ Without Flotation, Deposit No. 1 could hardly be worked economically. 


Deposit No. 1 could hardly be commercially utilized 
without the application of the flotation process, since 
nearly one-half of the phosphatic material is so fine 
that it passes through the screens along with the silica 
sand. The yield of pebble phosphate from the matrix 
of mine No. 2, however, is well above the average, and 
such a deposit can be profitably mined without the 
application of the flotation process. By use of the 
flotation process, however, the yield of marketable 
phosphate from this latter deposit could unquestionably 
be materially increased and at a lower cost per ton. 
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FURNACE PROCESSES OF TREATING PHOSPHATE ROCK 


The smelting of phosphate rock in electric and fuel- 
fired furnaces, with the direct recovery of phosphorus 
or phosphoric acid thus produced, has been another 
distinct advance in the phosphate industry. This 
general scheme has two outstanding advantages over 
the older method of producing phosphoric acid by 


treatment with sulfuric acid. (1) Low-grade phosphate 
deposits, formerly considered of little commercial value, 
and “run of mine’ phosphates can thus be utilized, and 
P,O; values recovered even from colloidal phosphates to 
the separation of which flotation is not applicable. (2) 
Phosphoric acid of a rather high degree of purity and 
of any desired concentration can be produced without 
the necessity of costly evaporation. 

The basic principles are practically the same, whether 
the electric furnace or the fuel furnace is employed, each 
method of smelting having certain advantages and dis- 
advantages. The choice of the type of furnace depends 


‘on the relative cost of power and fuel, and the quantity 


of acid which it is desired to produce. 

The fundamental reactions involved are the practi- 
cally complete reduction (at high temperatures) of cal- 
cium phosphate, in the presence of silica and coke, to 
elemental phosphorus, and the production of fusible 
calcium silicates. In their simplest form, these reac- 
tions may be represented thus: 

(1) Cas(PO,)2 + 5C + 8Si0. = 3CaSiO; + 5CO + P» 


(2) 2P, + 50. = POs 
(3) P.0Os + 3H.0 = 2H3PO, 


The elemental phosphorus is driven off along with the 
carbon monoxide, and is either oxidized directly to 
P.O;, humidified, and converted into phosphoric acid, 
or the phosphorus is condensed out of the furnace gases 
and the latter used for the production of heat and power, 
the phosphorus being subsequently burned in a separate 
combustion chamber. In either case, the phosphoric 
acid is collected in the form of relatively strong acid by 
a Cottrell electrical precipitator 
or by absorption towers. The 
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MINING TENNESSEE BROWN ROCK PHOSPHATE 


molten calcium silicates pro- 
duced in the furnace are tapped 
off from the furnace in the form 
of a slag. The relative merits 
of the fuel and electric furnaces 
and the ‘one-step’ and ‘‘two- 
step” processes for making the 
ee phosphoric acid have been dis- 
os ae cussed in a recent paper by the 
writer.'* 

There are at least three large 
plants in this country primarily 
designed to produce phosphorus 
and phosphoric acid by the 
furnace or volatilization process: 
one in Alabama employing the 
electric furnace, and one each in 


13 WaGGAMAN, W. H., Ind. Eng. 
Chem., 24, 983 (1932). 
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Florida and Tennessee using the fuel furnace. While 
a small percentage of the phosphorus thus produced is 
marketed in elemental form, the bulk of the element 
is converted into phosphoric acid, a product which is 
annually finding a wider use for industrial purposes. 
Simple flow-sheets of the two modifications of this proc- 
ess are shown in Figures 2 and 3. 
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FIGURE 2.—FLOW-SHEET OF THE ONE-STEP PROCESS OF PRO- 
DUCING PHOSPHORIC ACID BY THE BLAST-FURNACE METHOD, THE 
PHOSPHORUS BEING OXIDIZED WITH THE OTHER GASES 


IMPROVEMENTS IN THE MANUFACTURE OF SUPER- 
PHOSPHATE 


Superphosphate still continues to be the main phos- 
phate product used in the fertilizer industry, but during 
the past five years steps have been taken to improve 
the process of manufacture and the physical and chemi- 
cal nature of the product. The old den process, how- 
ever, is still employed in most of the fertilizer factories. 
Before enumerating these new steps and processes, 
a brief description of superphosphate manufacture as 
practiced for so many years may not be amiss. 

The phosphate rock is first finely ground to 60 or 80 
mesh, and thoroughly mixed with slightly less than 
an equal weight of sulfuric acid (50° to 52°Bé.). The 
mechanical mixers used for this purpose hold from one 
to two tons, and are so arranged that after being stirred 
for two to three minutes, the muddy mass is discharged 
through a central opening in the bottom of the mixing 
pan into a closed chamber or den immediately be- 
neath. Here the reactions, which were begun in the 
mixing pan, continue and large volumes of gas and 
water vapor are evolved. The mass is allowed to re- 
main in the dens for approximately twenty-four hours, 
and is then dug out either by hand or by mechanical 
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means, and stored in large piles tocure. Curing usually 
requires from two weeks to several months, and during 
this time the mass tends to crystallize and usually sets 
to such an extent that it must be again broken up and 
pulverized before it can be shipped. It can be seen, 
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FIGURE 3.—FLOW-SHEET OF THE TWO-STEP PROCESS OF PRODUC- 

ING PHOSPHORIC ACID BY THE BLAST-FURNACE METHOD, THE 

PHOSPHOROUS BEING CONDENSED AND OXIDIZED IN A SEPARATE 
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therefore, that where a large business is anticipated, 
immense storage facilities are required to have an 
ample supply of cured superphosphate ready for ship- 
ment when the fertilizer season opens. The usual 
grade of this superphosphate material contains 16% of 
available P,O;, which means that it must be soluble 
either in water or in a neutral solution of ammonium 
citrate. Superphosphate is either used ‘‘straight’” or 
mixed with carriers of potash and nitrogen to make up 
complete fertilizers. 

The Autoclave or ‘‘Oberphos’’ Process.—A new process 
for the manufacture of superphosphate has been de- 
veloped by a firm in Baltimore (G. Ober & Sons Co.) 
whereby an economy in the quantity of sulfuric acid 
normally employed is effected, and a finished product, 
cured and ready for the market, is obtained within 
twenty-four to forty-eight hours. This process may 
be briefly described as follows. 

The sulfuric acid and finely ground phosphate rock 
(in the proportions of eighty to eighty-four parts of 
acid to one hundred parts of rock) are simultaneously 
forced (by air pressure) through a single orifice into an 
evacuated, rotating, steam-heated autoclave. The auto- 
clave is then sealed, and the gases and steam evolved 
from the reactions allowed to build up pressure within 
the container. The time of mix- 
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The product is discharged from the autoclave in the 
form of small, dry, porous balls, which can be readily 
crushed, yielding a granular superphosphate with 
much less tendency to set than that prepared by the den 
process. The material runs uniformly through the 
fertilizer drills, thus insuring proper distribution in 
the field. 

Since this process requires a smaller proportion of 
acid than that ordinarily employed, and the product 
contains less water than that produced by the den 
process, it carries a higher percentage of P.O; than a 
den product manufactured from the same grade of 
phosphate rock. It is also much denser and thus re- 
quires less storage space and smaller bags for a given 
weight. 

One plant in Baltimore is equipped with a battery of 
three autoclaves for turning out this type of super- 
phosphate, and two plants in Canada have adopted 
the same process. 

Ammoniated Superphosphate.—Still another improve- 
ment in the manufacture of phosphatic fertilizer, which 
has been widely adopted by the industry, consists in 
the treatment of superphosphate, or mixed fertilizers 
containing superphosphate, with either ammonia gas 
or ammonia liquor.!4 

After the superphosphate has been cured, it is either 
sprayed with ammonia liquor, or exposed to the action 
of a definite quantity of ammonia gas until it has ad- 
sorbed sufficient to neutralize the greater part of the 
free acidity and to convert a portion of the P.O; present 
into ammonium phosphate, ammonium sulfate, and 
dicalcium phosphate. Care must be taken that too 
much ammonia is not added, as insoluble phosphates 
will result, approximating the composition of the origi- 
nal rock. The maximum quantity of ammonia which 

14 Jacos, K. D. anp Ross, W. H., J. Am. Soc. Agron., 23, 
771-87 (1931); Keenan, F. G., Ind. Eng. Chem., 24, 44-9 
(1932); Kirsuta, K. AND SALTER, R. M., ibid., Anal. Ed., 
3, 331-3 (1931); Kricet, C., Ammoniated Superphosphate, 4, 
(1981) (1931); Parker, F. W., Commercial Fertilizers, 42, 28-44 








ing of the acid and rock may 
thus be much prolonged over 
that possible in the open mixers, 
where the loss of water through 
evaporation soon causes the ma- 
terial to ‘‘set.’’ Moreover, the 
chemical heat is not dissipated 
and the reactions can proceed 
at a higher temperature without 
loss of water, thus insuring more 
complete decomposition of the 
phosphate rock by the acid. 
When the mixing has con- 
tinued for a sufficiently long 
time to insure the maximum 
reaction between the ingredients 
of the slurry, the pressure is 

















released, and the material dried 
by the application of vacuum. 


Phosphate Recovery Corp., 
Mulberry, Fla, 


PHOSPHATE FLOTATION PLANT 















Avucust, 1933 


can be added to the average superphosphate, without 
causing reversion, is in the neighborhood of 3.5%. 
This process not only gives a very uniform distribu- 
tion of ammonia in the product, but utilizes the acidity 
of superphosphate to fix a certain proportion of am- 
monia which otherwise must be added to mixed goods 
in the form of ammonium sulfate or other nitrogenous 
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product. The lack of free acidity in such a product and 
its low content of free moisture also prevents the ma- 
terial from setting and permits it to be uniformly dis- 
tributed in the field. 

The latest suggested modification of this scheme, 
where a higher nitrogen content is desired in the 
finished product, consists in adding to the superphos- 
phate a solution of urea in ammonia liquor.'® In this 
way the nitrogen content of the product may be much 
enhanced, a uniform distribution of this fertilizer in- 
gredient effected, and the resultant product will have 
the advantage of containing both organic and inorganic 
nitrogen. 


VARIOUS USES OF PHOSPHORIC ACID AND PRODUCTS 
OBTAINED THEREFROM 
Phosphoric acid, whether produced by the wet proc- 


16 PARKER, F. W. AND KEENAN, K. G., Chem. & Met. Eng., 
39, 540-1 (1932). 
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ess or by furnace treatment of phosphate rock, has a 
wide variety of uses and is a constituent of many 
industrial products. These products and their uses 
are listed in Table 4 in the order of their present com- 


TABLE 4 


PuHospHoric Acip AND Its Propucts (OTHER THAN SUPERPHOSPHATE) 
LISTED IN THE ORDER OF THEIR PRESENT COMMERCIAL IMPORTANCE 


Product 
Triple Superphosphate 
Monocalcium Phosphate 
Trisodium Phosphate 
Ammonium Phosphates 


Uses 

Fertilizers 
Baking powder 
Water softener, washing powders 
Fertilizers, yeast culture, baking powder, 

fire-proofing 
Rust-proofing, beverages, medicinal 
Medicinal, weighting of silk, yeast culture 
Baking powder 
Tooth paste, mild abrasive 
Tooth paste, mild abrasive, salt conditioner 
Dental cements 
Photography 
Gelatinizing agent (ingredient of linoleum) 


Phosphoric Acid 

Disodium Phosphate 
Sodium Acid Pyrophosphate 
Dicalcium Phosphate 
Tricalcium Phosphate 

Zinc Phosphate 

Silver Phosphate 

Tricresyl Phosphate 


mercial importance. Constant improvement in the 
processes of manufacturing this acid with a consequent 
reduction in the cost of production promises to broaden 
its field of usefulness, and make possible its substitu- 
tion for sulfuric acid in a number of industrial processes. 
Its great advantage over the latter acid in many cases 
lies in the fact that it not only is able to effect certain 
desired reactions because of its acid nature but the 
products (phosphates) obtained from its use as a re- 
agent have a higher commercial value than the sulfates 
resulting from the use of sulfuric acid. 


(This article concludes the series.) 





SOME CENTURY OF PROGRESS EXHIBITS OF INTEREST TO CHEMISTS 


Burroughs Wellcome & Co.—The chemistry of me- 
dicinal plants is portrayed and stages in the isolation of 
active principles shown. A parallel display shows how 
medicines are made from animal sources and metals. 
A number of crystals of chemical, commercial, and 
academic interest add attractiveness by their varied 
forms and coloring. 

E. I. du Pont de Nemours & Co.—A comprehensive 
exhibit showing the development and progress in the 
manufacture of Pyralin and Lucite toiletware from 1893 
to the present time constitutes a visual review of this 


part of the pyroxylin industry. 

Merck & Co., Inc.—Nine-foot prisms of plate glass, 
which typify the relative masses of chemicals that are 
used today in science and industry, form a part of the 
outside wall of the exhibit. 

In the presence of the onlookers a pharmacist demon- 
strates the art of his profession in the preparation of 
pills, the weighing of very small quantities of powders, 
the filling of capsules, and the preparation of other 
types of pharmaceutical products required in prescrip- 
tions. 














Modern educational philosophy sets forth the aim of 
education as founded on the activities and needs of the 
learner as an active participant. Serious attempts have 
been made to harmonize school practice with this aim, but 
the curriculum of traditional subjects and the routinized 
practice of the classroom are slow to respond. One of 
these potentially fruitful attempts to harmonize theory 
and practice and to narrow the gap between school and life 
is to be found in the unit plan. It would recast the 
field of academic subject matter and present it in such 
a way as to assume the aspects of real situations for the 
learner. The present article discusses some of the aspects 
of such an organization for junior high-school science. 
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signed to me in this program, if taken literally, 

would require the presentation of some actual 
units that have been worked out and tested and pro- 
nounced successful. But since the criterion of success 
is dependent upon numerous specific variables, such a 
presentation could have little meaning. To me the only 
successful units are those I have built myself and used. 
I can say this with no thought of immodesty for it is 
equally true of anyone that the only successful units 
he can ever know are those of his own construction. 
This consideration convinces me of the futility of any- 
one’s endeavor to build a course of units in textbook or 
other form with the expectation that another teacher 
can use them with that understanding and vital stimu- 
lation that is necessary to make them the successful 
teaching instruments intended by the author. Only in 
so far as such endeavors inspire an appreciation of the 
fundamental and basic criteria of valid unit procedures 
are they valuable. In so far as they achieve uncritical 
acceptance they defeat their purpose and reduce the 
procedure to that dead level of formalism that has 
proved the graveyard of many well-conceived educa- 
tional technics of the past. It remains always for the 
teacher to enrich his units with content, devices, tech- 
nics, and spirit to fit the specific needs of the teaching 
situation. Has not education reached that stage of 
professionalization where every qualified teacher should 
command sufficient mastery of his field, both as to its 
content and its educational implications to build his 
own units to fit the needs of his position? Until that 
time is reached the unit conception can meet with only 
partial success. 


r YHE topic, “Some Successful Science Units,” as- 
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In science unit building, as in all variable endeavors, 
there are a few fundamental elements common to all 
situations. If I may be permitted to choose this more 
liberal interpretation of my topic I will be glad to discuss 
some of these minimum essentials for successful units. 

The first essential requires that the unit shall present 
to the student a éofal situation. A total situation is 
one that is comprehensive enough to embrace a number 
of naturally related elements, so that as the student 
goes through the learning activities and discovers new 
knowledges and experiences they will integrate into 
broader and unified understandings. It has a definite 
beginning and a definite ending, and all the way 
through the experiences and knowledges associate 
themselves in meaningful ways and reduce themselves 
to a unified conception from which will follow the satis- 
faction of a complete experience. This is in direct 
contrast to what I term the “‘pin-prick method,” which 
I have known to carry all the way from induction 
motors to the inhabitants of Mars in a single week. 

The capacity of the pupil to associate and reduce his 
experiences to unified conceptions will delimit the scope 
of the unit. This integrating capacity varies with the 
degree of maturity. A unit that would possess the ele- 
ments of a total situation and a complete experience 
for the first grade would be utterly lacking in the ele- 
ments of a total situation and complete experience for 
the ninth grade. To make the point clear, -consider 
two widely separated extremes. The chick, for in- 
stance, as soon as it is out of the shell will discover a 
speck of yellow corn and with a single peck he has it. 
Something goes into his gizzard and he experiences 
satisfaction in the achievement. He has achieved the 
visual motor coérdination and his education is thereby 
complete. That one speck is a total situation for the 
chick. In adult human life, the building of a home is 
typical of a total situation. It has a definite beginning 
and a definite ending and every stage of the experience 
is integrated. There is the final satisfaction of a com- 
plete experience. Such examples from life could be 
cited without end. 

In natural science the only recourse is to look to the 
natural physical environment or to the realm of social 
needs for those larger aspects that possess the potential 
characteristics of total situations in science, for the 
junior high-school student. ‘The relationship of the 
earth to the other bodies in space” is typical. Such 
themes though, while possessing the essential elements 
of scope and unity, will lack that vital element of 
challenge and purpose that is inherent in real life situa- 
tions. They lack the element of ownership. 
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This brings us to the second essential factor for suc- 
cess. It demands that the teacher shall present the 
unit in such a way that the student from the beginning 
of the study will see it in its totality, and will antici- 
pate adventure in the promise it holds for new experi- 
ence, and with such challenge that he will claim owner- 
ship of the situation. 

When a man sets out to build a house he has the whole 
plan and purpose before him. He sees the relationship 
of each of its parts to the whole. He achieves a sense 
of complacency with the solution of each stage of the 
problem, when he sees that it is taking him one step 
nearer the ultimate goal. 

By the “pin-prick daily-assignment method,” the 
teacher is the only one who knows where the daily 
tasks are leading. The teacher alone sees the rela- 
tionship of these small increments to the whole. The 
class is working in total darkness. There can be no 
challenge, no anticipated adventure, nothing but loose 
associations and a sense of incomplete experience. 

Consider the husband who, all through the week dur- 
ing his leisure moments, is planning a week-end trip. 
He gets out his road maps and his topographical maps. 
He studies geographical data. He sees the trip from 
start to finish. He has both a spatial and temporal 
notion of all the features he expects to see. He is full 
of anticipation. He can scarcely wait to get started. 
On arriving from business Saturday noon he suddenly 
springs it on his wife. She consents to drop all of 
her plans and go along, on the ground that to refuse 
would be worse than to go. But it is dis trip. She 
just rides along. When she fails to show enthusiasm 
he wonders why, and when she tires of passive accep- 
tance, temperaments begin to clash. Had he taken 
her into his plans, had he sold the trip to her in its 
totality that she might claim ownership, the outcome 
could have been different. I realize the danger in 
carrying the particular analogy toofar. Nevertheless, 
it helps to illustrate the imperative need for orientation 
of the student in the unit, presenting it in its totality, 
and motivating it in such a way as to establish student 
ownership. This is, without question, one of the most 
essential elements for success. Failure here is very 
apt to be followed by failure in the subsequent stages 
of the unit. 

The third element for success relates to the activities 
within the unit. They should be of a nature to offer 
appeal in themselves. The experiments should be simple 
and direct with as much of the spectacular as possible 
without obscuring the meaning of the experiment as it 
relates to the unit purpose. They should be designed 
for the specific purpose of discovering the bit of knowl- 
edge the unit situation demands at the moment. They 
should for the most part involve student activity; 
either home experiments, individual pupil demonstra- 
tions, group demonstrations and, when necessary, 
teacher-pupil demonstrations and teacher demonstra- 
tions. The more closely the activities relate to the 
unit-need at the moment, the more meaningful will 
be the associations; and the more the activities de- 
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volve upon the class, the more completely will the sense 
of student ownership be maintained and the happier 
will be the pupil-teacher relationship. 

The following incident will illustrate the meaning of 
student activity. A unit devoted to the ‘‘Nature of 
Chemical Change’ was in progress. At a given point 
it was necessary to have some knowledge of color 
transformations produced by chemical change. One 
boy volunteered to perfect the technics and carry out 
the series of demonstrations for the class. That even- 
ing after school he tried out the demonstrations and had 
several beakers labeled and arranged with the chemi- 
cals measured out on sheets of filter paper. The jani- 
tor that evening in the course of his duties unknowingly 
disorganized the set-up. On returning the next morn- 
ing the boy noted the state of his materials with a sense 
of shock and displayed a pronounced emotional reaction 
at the prospect of failure before the class. It hap- 
pened to be assembly morning and the teacher suggested 
he ask the principal’s permission to absent himself from 
assembly and use the time to reorganize his materials. 
He did so and carried out his part with success and 
satisfaction. From this incident of student assumption 
of responsibility pertinent inferences can be drawn as 
to the vital educative significance of the pupil-centered 
unit procedure. 

The unit should make wide use of the reading activity. 
Investigation is revealing the reading activity in the 
purposeful discovery of new knowledge, to be on a par 
in importance with, if not superior to, laboratory and 
demonstration and other activities traditionally as- 
signed to the science department. The relationship 
of source material to a study situation is just as essen- 
tial to the discovery of knowledge in the natural science 
department as in the social science, notwithstanding the 
strange propensity of school executives to frown upon a 
science department requisition that includes a fair 
quantity of reference reading material along with test- 
tubes, chemicals, etc. 

Glenn! found in 1913-14 that in 1000 high schools of 
the North Central Association only six per cent. of the 
reference materials available related to the natural 
sciences. A later study by Glenn! (1921) showed but 
little change. The teachers themselves are to blame 
for this situation. They still submit to the persistent 
influences of the external standardizing agencies which 
would retain in the elementary school the pure science- 
research aspect of the university in miniature. Conse- 
quently, the textbook, laboratory manual, and other 
traditionally accepted materials of the laboratory are 
the only ones readily countenanced. 

With a shift of emphasis away from the attempt to 
produce miniature science specialists at the elementary 
level and toward what is happily being termed the 
production of the ‘‘cultivated amateur,’ much of the 
costly paraphernalia of the elementary laboratory 


1 GLENN, Eart R., “‘Past and present practice in high-school 
library book selection from point of the science teachers,” 
Sch. Sci. Math., 21, 217-37 (Mar., 1931). 











is becoming obsolete and shelves of rich, cultural-science 
reading matter are taking its place. 

The success of the reading activity in a unit will de- 
pend upon a wise selection of reading matter. The 
article or sketch should meet the specific need of the 
unit situation at the moment in order to possess associa- 
tive value. It should be psychologically adapted to 
the level of the pupil in order to be readable and appeal- 
ing initself. Studies of the reading habits of adolescent 
children show a pronounced aversion for reading mat- 
ter of the information type as contrasted with fiction. 
Plot, it is found, is the most desired characteristic. In- 
formational reading material lacks this element. It is 
found, though, that plot may be replaced by dramatic 
action, adventure, the heroic, interesting problems, 
real-life characters, and humor, and the information 
type of literature can be made absorbingly interesting. 
Scientific literature that is written for the children 
rather than culled from adult literature will be read 
with interest. Fortunately, great quantities of such 
reading matter for junior high-school science are avail- 
able and should find a significant place in our units. 
The list by Ellis C. Persing in School Science and Mathe- 
matics? is typical of such literature. 

To recapitulate at this point, I have tried to point 
out that to be successful, the unit should present a total 
situation in which the pupil will gain a complete experi- 
ence. It should be presented in such a way that the 
pupil will see it in its totality, and motivated in such a 
way that the student will claim ownership. The activi- 
ties within the unit should be of such nature as to 
have intrinsic appeal in themselves and should inte- 
grate in a meaningful way toward the larger goal of the 
unit. Dewey says, “Children have an aim when they 
follow a process having intrinsic continuity through to 
the foreseen end.’ “Three things are nonsense,” 
says Dewey, “‘to talk of educational aims, first, when 
each act of the pupil is dictated by the teacher; second, 
when activities are capricious or discontinuous; and, 
third, when there is no foresight of the outcome of a 
given activity.” 

These aspects of the unit technic, so far touched upon, 
derive their meaning mostly from the nature of the 
child and of the learning process. Now as related to 
the larger purpose, that of the life function, I wish to 
touch upon one point before closing. It is the idea of 
the ‘‘cultivated amateur.’’ Shouldn’t our units be 
conditioned more and more by the cultural need of the 
individual and less and less by the vocational and utili- 





2 PERSING, ELtts C., ‘‘Science library for elementary schools,”’ 
Sch. Sct. Math., 32, 65-77 (Jan., 1932). 
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tarian? Consider how the problem of widespread lei- 
sure is intensified to almost menacing proportions. It 
is possible that hours of labor will eventually be a negli- 
gible factor in the life of the individual. Leisure is 
dangerous not because of any inherent undesirability 
but only because of lack of preparation on the part of 
those who possess it. It is well known that diversions 
of a harmful and degrading nature appeal mostly to 
the uncultured. It is thought by many, and I believe 
it firmly, that the solution of widespread leisure is 
widespread culture. People who love music, litera- 
ture, art, and science, and who have a creative interest 
in hobbies usually have little time for harmful diversion. 
A music teacher once remarked to a parent, by way of 
argument, ‘‘A boy who learns to blow a saxaphone is 
not so apt to blow a safe.” This illustrates our point 
with sufficient force, regardless of the facetious reply 
of the father, that he thought he might prefer his boy 
to blow the safe. 

Could we not spare some of the emphasis on water 
faucets, traps, and flush bowls? Out of these the pupil 
does not get a thrill. I know, for I have them all in 
my home as well as a member of the ninth-grade science 
class. 

We talk a great deal about society changing. Water 
faucets change too, though textbook writers have not 
sensed that. In the process of opening a modern 
faucet, one encounters a number of tricky little gadgets 
that were not known when that original textbook cut 
was conceived by some venturesome author years ago. 
After all, isn’t most of this practical handy-man stuff 
a matter of common-sense intelligence? We waste 
time teaching such simple and common-place things to 
pupils who can build a radio or dismantle and reas- 
semble an automobile motor with no assistance from 
the teacher. 

In place of these let us enrich the units with more of 
the wonder-inspiring, interest-holding, and curiosity- 
satisfying aspects of the natural and social environ- 
ment: the wonders of the natural world, as the splen- 
dors of the heavens, volcanoes, earthquakes, snow crys- 
tals, and molecules; the wonders of man’s own crea- 
tion, as great bridges, tunnels, engines, telescopes, ma- 
chines, and delicate achievements of human ingenuity. 
And we must not leave out of this category the lives of 
our heroes of science and invention. 

This, in short, is the stuff that is capable of develop- 
ing into sources of cultural enrichment, and extending 
into life-long diversions of a pleasant and useful nature. 
What better preparation for happy and useful social 
living could be conceived? This I commend as the 
major criterion of a successful unit. 





Previously published articles which may be of interest to readers in connection with the following paper on, “Spectroscopy in 
Chemistry” are: ‘What is light?”” ARTHUR H. Compton, J. Cuem. Epuc., 7, 2769-87 (Dec., 1930) and “A table 
of radiations,” Inco W. D. Hacku, ‘bid., 8, 2420-1 (Dec., 1931). 
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SPECTROSCOPY in CHEMISTRY 


I. Flame Spectra 
HERSCHEL HUNT 


Purdue University, Lafayette, Indiana 


The uses of the Amici-prism and Bunsen spectroscopes 
are pointed out. Data are given for identifying eighteen 
elements with these instruments. The chief characteris- 


tics of each element are listed and the wave-lengths of the 
prominent lines and bands are given. 
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HE spectroscope is a tool, not a complete set of 

analytical tools. Perhaps it is the most useful 

tool an analytical chemist can have at his com- 
mand. By means of an Amici-prism or a Bunsen 
spectroscope he can quickly detect the presence of 
traces of lithium, sodium, potassium, rubidium, cesium, 
copper, manganese, lead, tin, bismuth, chromium, 
magnesium, indium, thallium, boron, calcium, stron- 
tium, and barium. Using an X-ray spectrograph he 
can determine the physical structures of atoms and 
molecules. By means of the mass-spectrograph he 
can determine the isotopes of an element and their rela- 
tive masses. Through absorption spectra and Raman 
spectra he can perform qualitative analyses in organic 
and bio- chemistry as well as determine the structures 
of molecules. Fourteen of our elements have been dis- 
covered by the use of this tool. The science also lends 
itself to quantitative analysis, and in some cases is 
the only quantitative method yet available. 

I shall confine this discussion to the uses of two spec- 
troscopes which can be had in every laboratory, the 
Amici-prism or “‘pocket-spectroscope”’ and the Bunsen 
or ‘“‘three-arm’’ spectroscope. Ordinary courses in 
analytical chemistry do not deal with more than thirty 
of the ninety-two elements. Since eighteen of our ele- 
ments can be identified with these cheap tools it is evi- 
dent that this phase of chemistry is too often neg- 
lected. The interpretation of spectra unfolds many of 
the fundamental secrets of the atom; the importance 
of the valence electron and ionization potentials from 
wave-length data are simple examples which the writer 
plans to discuss in a subsequent article. Any method of 
analysis must be simple, accurate, quickly performed, 
and cheap to be of practical value. In spectroscopy 
we have all these desirable characteristics. 

It is hoped that the following data will prove of value 
to those interested in this method of analysis. They are 
confined to the realm of the flame and the glass spec- 
troscope. 

LITHIUM 
Lithium salts impart to the Bunsen flame a crimson 


color, due to the well-known red line (I,P) 6708.07. In 
a hotter flame the yellow line (I) 6103.81 is also visible. 


A greater amount of LiCl will make the yellow line 
easier to find. In the oxyhydrogen flame the lines (I) 
4602.25 and (I,p) 3232.77 are also present. The inten- 
sity ratio of these four lines is 100:3:10:10 respectively. 
Lithium shows the weakest continuous spectrum of the 
alkali metals. Very small amounts of lithium can be 
detected in its ores by the characteristic red line. The 
beginner should use lithium chloride with a medium or 
cold flame. 

I, II, III, etc., indicate classes of spectra emitted by 
neutral, ionized, or doubly ionized atoms respectively; 
p, persistent lines; P, the most sensitive of the persist- 
ent lines. 


SODIUM 


Sodium salts volatilize easily and luminesce with a 
bright yellow light. Their spectrum is characterized 
by the doublet (I,p) 5896.15 and (I,P) 5890.18 (the 
Fraunhofer D-line). If a high-temperature flame is 
used the spectrum becomes very rich in lines as in the 
are spectrum. The relative intensity of the doublet 
lines is each 100. By noting carefully the intensity of 
the sodium lines one must learn to distinguish if sodium 
is present only as an impurity, since it is detectable to 
one part in 10,000,000. 


POTASSIUM 


Potassium flames have a violet color. The charac- 
teristic lines of potassium are not easily detected, first 
because their intensity is low and second because they 
lie in the extreme red and violet ends of the visible 
spectrum. The doublets (I,p) 7699.40 and (I,P) 
7665.60 and (I,p) 4047.37 and (I,p) 4044.30 are used 
to identify the element. These doublets have the rela- 
tive intensities 6:6 and 10:10. Relatively larger 
amounts of the salt make the violet lines easier to find. 
The violet lines are not persistent. At high tempera- 
tures lines appear at 6939, 6911, 5832, -13, -02, 5783, 
5360, -43, -40, and -24; however, these lines are of in- 
tensities 8 to 4. 

RUBIDIUM 


Rubidium is identified by the violet doublet. The 
red doublet is more refrangible than the potassium 
doublet. The red doublet, (I,p) 7950.4—(I,P) 7806.2, 
has an intensity of 2-2. The violet lines, (I,p) 4215.7— 
(I,p) 4202.0, are more easily detected, having an inten- 
sity of 10 each. With higher temperature the line 
spectrum is continuous from the orange to the green, the 
most prominent lines under this condition are (I) 
6298.9 and (I) 6206.7, with intensities 8 and 7. 
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CESIUM 


Large amounts of cesium color the non-luminous 
flame blue. The most prominent lines are the blue 
ones with wave-lengths (I,p) 4593.3 and (I,p) 4555.4. 
These lines have relative intensities of 10 and 20. The 
red line (I) 6723.5 has an intensity of 10. At high tem- 
peratures the spectrum between 6974 and 5199 is 
very rich in lines. The most important of these latter 
are (I) 6973.6 intensity 8, 5843.9 intensity 10, 5664.1 
and 5635.4 of intensity 8 each. The chloride is very 
volatile. 

CALCIUM 


The flame spectrum of calcium depends largely on the 
salt used. The number and intensity of the bands 
vary greatly from oxide to chloride to silicate. The 
metallic line at (I) 4226.73 (blue) and the two orange- 
yellow bands, 6265 and 6034, are the characteristic 
marks of the calcium spectrum. The green band at 
5543 is also helpful to the analyst in the absence of 
barium salts. The addition of an excess of chloride 
ion, HCl or NH,Cl, will cause a large number of bands 
in the yellow region. These bands are of short dura- 
tion and hence the spectrum is called a fugitive spec- 
trum. The sharp violet line is faint and is best seen 
if the platinum wire is held between the two cones of a 
hot flame. It is most convenient and effective to con- 
vert the calcium salt to the chloride since the phosphate 
and silicate do not dissociate appreciably and thereby 
the student will not be confused with the variations 
spoken of above. In order to find the blue line for the 
first time one uses large amounts of calcium. 


STRONTIUM 


The beautiful carmine-red flame of strontium salts 
shows a very characteristic spectrum. Like calcium 
and barium, its spectrum depends upon the salt used 
and the flame temperature. The characteristic marks 
of the flame spectrum are the blue line at (I,P) 4607.51 
and the orange-yellow band at 6059. With an oxy- 
hydrogen flame lines (I,p) 4215.52 and (II,P) 4077.71 
are also excited. Strontium shows no lines or bands in 
the green light at ordinary flame temperatures. The 
first red band with head at 6863 is followed by others 
so that the spectrum is almost continuous up to the 
sodium D line. The bands have their heads toward 
the red. Strontium iodide in an oxyhydrogen flame 
shows beautiful blue bands at 4520, 4485, -48, -12, 
4380, -43, -06, and 4283. 


BARIUM 


The green flame of volatile barium salts gives a spec- 
trum characterized by many bands. The chloride 


spectrum is fugitive but since the oxide is not appreci- 
ably volatile the wire can be dipped in hydrochloric 
acid and the chloride spectrum reproduced. This is 
very helpful in a mixture of elements as the barium 
will remain and can be looked for after the more vola- 
tile elements are volatilized. Barium has bands at 
6782, 6566, 6499, 6291, 6225, 6101, 6040, 5864, 5808, 
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5701, 5644, 5536, 5498, 5459, 5350, 5215, 5087, 5019, 
4967, etc., but the characteristic bands are the three 
intense green ones at 5314, 5242, and 5136 (5172 is very 
faint). Its one sharp green line (I,P) 5535.53 is the 
most important identifying feature. 


COPPER 


Copper salts impart a green color to the flame. The 
spectrum contains many bands. Jn the Bunsen flame a 
line 4651.17 as well as the many blue bands with heads 
toward the ultra-violet characterize it. In the oxy- 
hydrogen flame lines (I) 5782.15, (I) 5700.24, (I) 
5105.55, and (I) 4062.7, are very outstanding. CuSO,-- 
4NH;'H2O gives a wonderful series of bands at 4453 
to 4237. The green line is of low intensity. 


MANGANESE 


Manganese salts color the flame green but a short 
time, as the non-volatile oxide is soon formed. The 
flame spectrum has an orange band with head at 6178, 
a yellow one 5856, and more prominent green ones at 
5586, 5433, 5424, 5391, 5361, 5269, 5230, 5193, and 
5160. The blue lines (I,P) 4030.76, (I,p) 4033.07, 
and (I,p) 4034.49, due to the neutral atom, are impor- 
tant identifying lines. The bands stand out more dis- 
tinctly in the oxyhydrogen flame. 


LEAD 


Lead salts luminesce with a pale blue light. The 
spectrum is nearly continuous from 6620 to 4000, 
having the more intense bands at 4660, 4556, 4511, 
4456, 4412, 4317, and 4229. The outstanding lines are 
the lines 4062.15 and (p) 4057.83. Use a very cold 
flame for the chloride spectrum. 


TIN 


In the oxyhydrogen flame distinct bands are found in 
the tin spectrum, the most prominent of which are 4262, 
4122, 4112, and 4080. The principal line is (p) 4524.74. 
The Bunsen flame should be very cold as the tin spec- 
trum is exceedingly fugitive. The beginner should 
start with large amounts of tin chloride. The line is 
much less intense than the strontium blue line. 


BISMUTH 


A mixture of KCIO;, S, and (BiO2)COs gives a more 
prominent spectrum of bismuth than BiCl;. In its 
spectrum one finds numerous bands between 4932 and 
4423. The two main lines of this blue spectrum are 
4722.5 and 4722.2. This spectrum is also very short- 
lived. 


CHROMIUM 


CrO.Cl, gives a spectrum which contains three atomic 
lines (P) 4254.34, (p) 4274.80, and (p) 4289.73 of 
chromium. This triplet makes the chromium spec- 
trum a unique one. The beautiful blue lines are very 
intense. A glass jet can be used to deliver this volatile 
compound from the generating tube to the flame. 
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MAGNESIUM 


Magnesium ribbon burning in a flame with a white 
light shows a triplet [(I) 5183.60, (I) 5172.68, and (I) 
5167.33], a group of oxide bands [5007, 4997, 4986, 
4975], besides the very bright line at 4571.12. The 
addition of NH,NO; decreases the oxide spectrum and 
intensifies the blue 4571.12 line. 


INDIUM 


Indium salts luminesce with a bluish red light. The 
visible spectrum consists of two beautiful, intense lines, 
(I,P) 4511.31 and (I,p) 4101.8. The indium salts are 
very volatile and hence the spectrum soon disappears. 


‘ 


THALLIUM 


Thallium luminesces with a bright green light due to 
its single visible line (I,P) 5350.47. Its luminescence 
is of short duration. 

BORON 


A very sensitive test for boron can be obtained by 
examining its green flame with a spectroscope. Its 
chief characteristics are the green bands 5481 and 
5193. Besides these, bands are visible at 6938, 6211, 
6032, 5808, 5440, and 4722. Boron is very volatile 
and hence its luminescence does not last long. 


OTHERS 


Among the elements which cannot be detected by 
flame spectra methods are all the non-metals, the rare 
earths, titanium, zirconium, thorium, vanadium, nio- 
bium, tantalum, molybdenum, tungsten, and uranium. 
However, only the metals listed have outstanding 
characteristics and are to be identified by the flame 
technic. All others should be left to the are and spark 
spectra where photographic methods are much easier 
and more dependable. 

TECHNIC 


Most instruments have adjustments on the slit 
width, focus of telescope, position of telescope, and 
scale. The scale must be adjusted simultaneously 
with the wave-length of the spectrum so that both the 
scale readings and the spectrum lines will be in focus. 
The slit should be cleaned with an orange stick, ad- 
justed to a very narrow width, and left permanently 
fixed. The flame should never be close enough to warm 
the metal slit. The telescope may be focused by plac- 
ing an incandescent light before the slit and adjusting 
until the Fraunhofer lines stand out clearly and with 
sharp, well-defined edges. Of course the telescope will 
be changed for each individual’s eye and for each wave- 
length of light. 

A platinum wire with a loop in the end is used to con- 
vey the salt to the noiseless, colorless flame. The wire 
is cleaned by repeated dipping in hydrochloric acid and 
burning in an oxidizing flame. The wire is first dipped 
into hydrochloric acid and then into the substance to 
be tested. One must examine the spectrum for the 
elements in the order of their volatility. Since some 
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elements, e. g., the alkaline earths, form non-volatile 
oxides which can be volatilized by again dipping the 
wire in hydrochloric acid, these elements can be looked 
for lastly. One should prepare a calibration chart for 
the instrument by plotting wave-lengths in Angstrém 
units as abscisse and scale readings of the instrument as 
ordinates. By using sucha curve one can set the instru- 
ment exactly where the characteristic spectrum of an 
element will fall, and then by turning off the source of 
illumination for the scale, smaller amounts of the ele- 
ment can be detected. Since milligram samples are 
sufficient for analysis one can grind the sample with 
NH,Cl in order to divide it into smaller portions to be 
used in testing for the various elements. 

The laboratory should be a dark room and the air 
should be kept as free from dust and volatilized salts 
as possible. 


“HOME-MADE” COTTRELL-WASH- 
BURN BOILING-POINT 
APPARATUS 


H. B. GORDON 


Alabama Polytechnic Institute, Auburn, Alabama 


THE advantages of the boiling-point apparatus de- 
signed by Cottrell! and improved by Washburn and 
Read? and Davis* are generally recognized, but the 
high cost of the apparatus is a 
serious drawback to its use by 
classes in physical chemistry of the 
average college. A “‘home-made”’ 
device which the writer’s students 
have used with gratifying results 
converts a simple, side-arm boiling 
vessel into a fairly satisfactory sub- 
stitute for the more expensive ap- 
paratus. 

This device is shown in its re- 
lation to the boiling vessel and 
thermometer in the accompanying 
sketch. The construction of the 
branched pump-tube with unsym- 
metrical bell is self-evident. The 
points AA at which the boiling li- 
quid is thrown from the pump-tube 
may be adjusted to the desired level by pushing the 
tube up or down in the stopper. 

If it is desired to surround the pump-tube and ther- 
mometer with a sheath, as in the modifications by 
Washburn and Read? and Davis,’ this may be accom- 
plished by cutting a wide test-tube to the desired length 
and inserting it as at BB. 
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1 COTTRELL, F. G., J. Am. Chem. Soc., 41, 721 (1919). 
2 WASHBURN, E. W. AND READ, J. W., ibid., 41, 729 (1919). 
3 Davis, H. L., J. Coem. Epuc., 10, 47 (1933). 














When used, the numerical problem should constitute an 
integral part of the structure of a course. Each problem 
should have definite functions to perform and should add 
its own increment to the educational process. Certain 
desirable characteristics of the ideal problem are here 
explicitly stated and briefly presented. 

+++ + + + 


HE instructor in charge of a course in chemistry, 
be it general, analytical, organic, physical, or 
industrial, is frequently hard-pressed to find or 
prepare suitable problems for class work. A critical 
study of the problems available in the text used or in 
special problem books will usually reveal constitutional 
defects which greatly reduce their educational effective- 
ness. Further, by the very nature of the collection, 
such ready-made problems will seldom fit precisely 
into the structure of the course as designed by the 
instructor. The alternative is to prepare problems for 
each given situation. This requires a thorough ap- 
preciation of the characteristics of the ideal problem. 
It will be assumed that numerical problems are used 
in instructional work because they can accomplish 
the following results: 

1. To illustrate, fix in mind, and make quantitative, 
principles and methods treated in lecture and text. 

2. To test effectively and conveniently a student’s 
knowledge of the subject and grasp of essential 
points. 

3. To encourage logical thinking and methodical 
procedure on the part of the student. 

4. To give the student practice in handling and criti- 
cizing experimental data and in extracting a maxi- 
mum amount of information from a minimum 
amount of original data. 


The author does not wish to imply that all problem 
work, or that even most problem work, will lead to these 
results. He is of the opinion that a great deal of the 
problem work is at best an additional burden on the 
student which is not justified by the results obtained 
in the time involved. In many cases the individual 
problems used have not been formulated with definite 
and unique purposes in mind, are not carefully stated, 
involve non-essential points, and are not closely and 
clearly connected with the lecture and text work of the 
course. 

The ideal problem possesses a number of character- 


* Based upon a paper read before the Division of Chemical 
Education at the 85th meeting of the A. C. S., Washington, D. C., 
March 26-31, 1933. 


CHARACTERISTICS of the 
IDEAL NUMERICAL PROBLEM’ 


ALEX. C. BURR 


Massachusetts Institute of Technology, Cambridge, Massachusetts 
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istics which, taken together, distinguish it from the 
common or garden variety of problem. The ideal 
problem should be definitely and closely related to the 
immediate subject matter under consideration in the 
classroom. Any lack of adjustment in this respect will 
prove at least disconcerting, if not actually confusing, 
to the student. Also, with such maladjustment, the 
problem loses a great deal of its value as an illustration 
and does not as effectively fix in mind the major prin- 
ciples involved. 

Each problem should be formulated with specific 
and unique purposes in mind. The problem is an in- 
strument of education and as such should have very 
definite aims. It is not in the nature of penance for 
taking the course but should deliberately attempt to 
accomplish one or more of the four results, previously 
mentioned, in immediate connection with contemporary 
class work. 

The problem should be so framed that the student 
must contribute both thought and information in pro- 
ceeding to its solution. Problems entailing only sub- 
stitutions in formulas, or recasting into set forms, and 
turning the crank may yield very interesting and even 
valuable information, but they constitute part of the 
drudgery of technical work and soon lose all educational 
value. 

The statement of the problem should be clear, con- 
cise, and accurate. Such forms of expression, desira- 
ble and valuable when adopted by the student, are 
best taught by example. The student should be able 
to tell at a glance what it is desired that he do and what 
he has with which to work. A sure knowledge of what 
he is attempting will give him added confidence. Time 
spent in deciphering the statement of the problem and 
in exploring the mysteries of the instructor’s mind might 
be better spent in formulating an attack and in per- 
fecting a solution. 

To further avoid confusion, not more than one new 
major idea should be presented in any one problem. 
There are a limited number of new ideas to be pre- 
sented within the limits of any one course. These can 
be distributed throughout the assignments so that each 
in turn receives its share of concentrated attention. 

Each new idea thus presented should be presented 
more than once. This is the principle of reiteration 
and should be rigorously observed. The first pres- 
entation of a new idea frequently results in a poor per- 
formance on the part of the student. A second pres- 
entation will not only result in emphasis but will allow 
the student to redeem and perfect himself. 













Avucust, 1933 


In presenting data to the student, the number of 
significant figures used should be determined by the 
precision of the measurements involved. For the most 
part students are unfamiliar with the concept of signifi- 
cant figures and acquire familiarity by example and 
practice. It should be emphasized that throughout 
the solution the student deal only with terms containing 
the proper number of significant figures. The results 
should be expressed in the proper number of significant 
figures; no less and certainly no more. 

The individual problems making up a set should be 
of approximately the same degree of difficulty. This 
does not mean that at the beginning of a course a stu- 
dent should necessarily be able to work the first and 
last problems of a set with equal facility. It does mean 
that toward the end of a course the last problem of a 
set should give the student the same concern and require 
the same relative effort as did the first problem. 

Further, a set of problems should present the new 
fundamental principle involved in various guises and in 
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different combinations. The major difficulty is not so 
much solving the problem, once the necessary principles 
are explicitly noted, but in recognizing and isolating 
these principles. Practice in doing this is most effec- 
tive when accompanied by variation in presentation. 

Finally, a numerical problem is more than a mere 
exercise in computation. Its purposes are not prima- 
rily arithmetical. Each problem should be so designed 
as to reduce the mathematical work to a minimum. 
This is necessary not only as a means of saving time 
and effort, but that the student may concentrate on 
the technical points involved and not dissipate his 
efforts on the detail of calculation. 

Problems designed with these points in view are few 
and far between. They are not found ready-made in 
books but are tailored to fit the precise situation. This 
requires added effort on the part of the instructor and 
limits the number of problems which can be used. 
The increased educational effectiveness of such prob- 
lems will justify the extra labor involved. 





The ROLE of MICROCHEMISTRY 


in CHEMICAL EDUCATION 


PAUL E. SPOERRI 


The Polytechnic Institute of Brooklyn, Brooklyn, New York 


Most textbooks on qualitative analysis stress physical- 
chemical views to the exclusion of even elementary instruc- 
tion in the use of organic reagents. In concentrating 
upon ionization and solubility product we risk killing 
the curiosity of the student and giving him the impression 
that there is a ready-made explanation for everything. 

Time can be saved by employing microchemical methods. 


++ + 


ICROCHEMISTRY, the chemical technic of 
M handling very small quantities of substances, 

is only about thirty years old. Originally 
devised in order to investigate chemical processes oc- 
curring in living cells, these methods have in recent 
years been simplified and generalized and in a number 
of instances applied in college courses. Professor 
Engelder has been most successful in introducing, in 
this country, a course in qualitative analysis, which uses 
micro methods without the use of the microscope. His 
highly interesting results have already been summa- 


* Presented before the Division of Chemical Education at the 
eighty-fifth meeting of the A. C. S., Washington, D. C., March 29, 
1933. 


Analysis of the less common elements can be included in 
the curriculum, as well as the detection of traces of impuri- 
ties. The use of a large number of standard organic re- 
agents can also be introduced. Microchemistry offers 
many new possibilities. Whereas a full-sized laboratory 
is impossible in the home, a micro-laboratory costs little 
and is practically without danger. 


+~+ + 


rized in the JoURNAL OF CHEMICAL EpucaTIon{ and 
hence need only to be mentioned. However, the fact 
has been overlooked that a simplified application of the 
methods of microchemistry permits any student to 
have his own laboratory at home. Whereas a full- 
sized laboratory is an absurdity in most households, 
satisfactory experience proves that most operations of 
inorganic, organic, or analytical chemistry can be 
carried out quite successfully with microchemical 
methods on any kitchen table. Since the experiments 
are naturally performed with small amounts of sub- 


{t Cart J. ENGELDER AND WILLIAM SCHILLER, “‘A system of 
qualitative microanalysis,” J. CHEM. Epuc., 9, 1636-44 (Sept., 
1932). 
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stances, the expenses are slight, the required apparatus 
can be blown by the student, and the danger inherent 
to experiments with inflammable or explosive sub- 
stances is greatly reduced. 

The benefits of experimental work at home cannot 
possibly be overestimated. It must be clearly realized 
that our usual laboratory courses can do very little 
toward developing the student’s imagination, initiative, 
and originality. Incessantly, he is assigned definite 
tasks and quite clearly he is told how to carry them out. 
He becomes so well trained in carrying out orders that 
when he starts his thesis work—which, theoretically 


speaking, ought to be an original contribution to sci- . 


ence—he is nothing but a perfect soldier, well-disci- 
plined, but without any initiative of his own. 

Let us now consider in sharp contrast to this picture 
that of the field of the mechanical inventions. The 
great achievements of the Americans in this field are 
well known and are unequaled. This is due, we believe, 
to the simple fact that most homes possess a work- 
bench, thus providing innumerable boys with an op- 
portunity to give free course to their natural ingenuity. 
I see no reason why the mechanical-field should monopo- 
lize these precious and spontaneous gifts, once the home 
can be equipped with a microchemical laboratory. 

Microchemistry, moreover, offers many possibilities 
in the training of our chemists in our colleges, most par- 
ticularly in courses of qualitative analysis and in or- 
ganic chemistry. Educators are generally agreed as to 
the superiority of micro methods- where speed, accu- 
racy, and a saving of materials are desired, but some 
authorities claim that the student gains less in knowl- 
edge through these methods than through the classical 
procedures. Professor Engelder has met this objec- 
tion by adopting a micro scheme which includes the 
essential features of the usual classical methods of 
separation and identification of cations and anions. 
All the operations are carried out on a micro scale, and 
the specific colored spot tests are used only as a means 
of final identification. As much as I admire Engelder’s 
contribution, I nevertheless think it would be more 
satisfactory to stress the best features from the proce- 
dures of Gutzeit or Heller. Thus the cations would be 
separated only into large groups and then tested for 
directly by means of specific color reagents. For ex- 
ample, in testing for copper in the presence of Bi, Pb, 
and Cd, we would take advantage of the specific color 
reaction with benzoinoxime. 

This scheme furnishes the student with a really ade- 
quate tool for analyzing a mixture of simple elements, 
and the time saved can be used for greater emphasis 
upon the so-called “‘preliminary experiments” in in- 
creasing his knowledge of the chemistry of the elements 
under study. The customary preliminary experiments 
are very uninteresting, while those in microchemistry 
involve a large number of reaction types which are im- 
pressed much more forcibly on the mind of the student. 
For example, a catalytic reaction is used in the detec- 
tion of thiosulfate; production of fluorescence to indi- 
cate the presence of aluminum; formation of strongly 
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colored adsorption compounds as proof of the presence 
of magnesium; capillarity phenomena for an adequate 
separation of Cd from Cu*t; and colored metallo-or- 
ganic complexes for the detection of a great number of 
cations. 

I have often wondered why the usual courses in 
qualitative analysis prescribe a definite set of never- 
varying elements, to the complete exclusion of elements 
like selenium, beryllium, gold, etc. So far as I know, 
the constitution of the United States does not prohibit 
the study of such an important element as titanium. 
Why then should bismuth be accorded a place out of 
proportion to its importance? Since microchemical 
work requires very minute quantities of substances, it 
stands to reason that the expense of certain rarer metals, 
such as platinum, palladium, gold, etc., need not enter 
into consideration. Why not test for elements as 
they occur naturally, in minerals or in their industrial 
applications? We believe that the student is more 
likely to be interested in the analysis of the wire in an 
electric light bulb than in the analysis of prepared salt 
solutions. Consider the possibilities in this connection: 
analysis of paint pigments scraped off in minute quan- 
tities from an actual painting, or a metallic sample dis- 
solved in a single drop of acid directly from an impor- 
tant alloy. 

Most textbooks on qualitative analysis stress certain 
physical-chemical views to the exclusion of even ele- 
mentary instruction concerning organic reagents. 
Since some of these are used, even in the most ortho- 
dox courses, it is strange that advantage is not taken 
of this unique opportunity to familiarize the student 
with some typical organic compounds. And why not 
also use the sensitive and beautiful reaction of nickel 
with dimethylglyoxime as a starting point for a thor- 
ough discussion of Werner’s theory? 

Even within the boundaries of plain macro-analysis 
the trend is toward the adoption of the more sensitive 
and specific organic reagents. Fresenius, the great old 
master of analytical chemistry, has predicted that even- 
tually our time-consuming separations will be completely 
discarded. In the face of this evidence it seems pre- 
posterous that the textbooks should continue over- 
emphasizing the ionization theory and _ solubility- 
product principle. 

While it is readily granted that this emphasis is a 
healthy reaction to the merely descriptive educational 
ways of former days, one wonders whether it is a pure 
and unadulterated blessing. Does it not possibly 
kill the curiosity of the student and give him the impres- 
sion that there is a ready-made answer to every ques- 
tion? Did not the famous phlogiston theory slow down 
the advancement of science for about a hundred years 
simply because it was such a perfect theory that it 
answered all questions, and the chemist thought it 
superfluous to consult the experiment itself? Under 
the circumstances it is easily explained why our average 
student seems to hold the belief that inorganic chemis- 
try is a sort of petrified science as exhausted and dead as 
Euclidean geometry. In an attempt to fight this atti- 
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tude and in order to inject more curiosity and enthusi- 
asm into the student’s mind I would intentionally 
stress the more controversial and growing aspects of 
inorganic chemistry. It is possible to do this and still 
remain quite within the circle of the experimental ma- 
terial as studied by the student in the laboratory. 
With the frequent use of filter paper for many of the 
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colored spot reactions the occasion is offered for discuss- 
ing capillarity phenomena. The fascinating test for 
sulfide with the NaN; + I: mixture would provide the 
opportunity to speak of catalysis. Special attention 
should also be given to certain aspects of surface phe- 
nomena as far as this interesting new outgrowth of 
our science has a bearing upon analytical problems. 





EXERCISE in INDIRECT ANALYSIS 


M. G. MELLON 


Purdue University, Lafayette, Indiana 


LTHOUGH methods of chemical analysis involv- 
A indirect determinations are usually avoided, 
if possible, there seems still to be sufficient neces- 
sity for resorting to such procedures to warrant bringing 
them to the attention of students, noting the appli- 
cability of the more important types together with their 


inherent limitations. 

In order to give experience with one such determina- 
tion an adaption has been made of the familiar and 
important method for determining the alkalies, sodium 
and potassium. In the belief that the practice followed 
in this laboratory may be of interest to others, a brief 
statement is presented concerning the preparation of 
the sample and the methods of determination suggested. 


SAMPLE 


The samples are prepared by mixing in a ball mill dif- 
ferent proportions of sodium and potassium chlorides 
and flint, each constituent having been separately 
ground to pass a 100-mesh sieve. Any flint finer than 
200 mesh is discarded as experience has indicated that 
part of such finely divided material passes through 
filtering media, such as thick mats of asbestos and the 
best grades of paper procurable. The flint serves 
merely as a diluting material to obtain a suitable spread 
in the composition of the samples. The ratio of the 
percentages of sodium and potassium are kept within 
the limits 3:1 and 1:3. 

With the recent introduction of a direct method! for 
determining sodium, it is now possible, of course, to 
determine directly each of the constituents of this 
mixture. Where the sample serves for an indirect 
determination, several theoretically possible procedures 
may be used. Consideration of the nature of the calcu- 


1 CaLEy AND FouLxk, J. Am. Chem. Soc., 51, 1664 (1929); 
BARBER AND Ko tuorfF, ibid., 50, 1625 (1928); 51, 3233 (1929). 


lations involved indicates the desirability, after sepa- 
rating the flint, of determining either of the non-common 
elements, sodium or potassium, or the common element, 
chlorine, in order to calculate the percentages of the two 
metals. To accomplish this one may proceed as indi- 
cated below. 


PROCEDURE 


Weigh a dried sample of about 2 g. and transfer to a 
250-ml. beaker. Dissolve the sodium and potassium 
chlorides in about 50 ml. of water by heating nearly to 
boiling. Transfer the insoluble matter to a weighed 
Gooch crucible, or to a funnel fitted with a good grade 
of paper, and wash well with hot water. If a Gooch 
crucible is used, the residue should be dried at 105°C. 
If a paper is used, it should be ignited in the usual 
manner. In either case the residue constitutes the in- 
soluble matter. 

The filtrate contains the sodium and potassium 
chlorides, the amount being the difference between the 
weights of the sample and the insoluble matter. Con- 
tinue by diluting the filtrate to 250 ml. in a volumetric 
flask, and use a portion of 25 ml.* of this for determining 
sodium, potassium, or chlorine. In proceeding by an 
indirect method, involving the determination of one of 
these elements and the calculation of one or both of the 
alkalies, it is evident one hasa choice of methods. The 
following are suggested as the most suitable, although 
they should not be expected to yield equally precise 
results: potassium gravimetrically as KCIO, or Ke- 
PtCls; chlorine gravimetrically as AgCl or titrametri- 
cally with silver nitrate using either a direct or back ti- 
tration; and sodium as NaMg(UO2)3(C2H3O2) 9°6'/2H20. 


* The amount of sample and of the aliquot part of the filtrate 
may need to be varied to minimize errors involved in determining 
the different constituents. 


















The DIENE SYNTHESIS 


of DIELS and ALDER’ 


This paper contains a description of the diene synthesis, 
which has been one of the most important basic achieve- 
ments in organic chemistry during the past decade. A 
brief historical treatment is followed by a few general ex- 
amples, after which the more recent work is described in 
some detail. 

++ oe + + + 


N A SERIES of brilliant investigations extending 
I over a period of several years, Diels and Alder have 

found repeated instances where a combination 
between certain types of unsaturated compounds takes 
place extremely easily. This combination consists in 
the direct addition of one unsaturated substance to 
another, often simply on mixing, and in the absence of 
any catalyst. This remarkable and unexpected reac- 
tion has come to be known as the ‘‘diene synthesis,”’ 
because many of the starting materials are dienes. It 
is characterized by the production of complex, hitherto 
rare or inaccessible organic compounds in excellent 
yields with negligible formation of undesirable by- 
products, and by its general applicability to unsaturated 
substances containing conjugated systems. Most of 
the earlier work is described elsewhere (4) and is omitted 
except where it is necessary for purposes of illustra- 
tion. 

It has long been known that esters of azodicarboxylic 
acid, ROOC—N=N—COOR, combine very easily 
with all types of amines; the same process takes place 
with the naphthylamines, naphthols, malonic ester, 
and enols (4). As this behavior is like that of diazo 
salts it was not surprising to find that 1:3-dienes also 
gave addition products of the same type. Thus it 
would appear that all that is necessary to get the reac- 
tion is the right kind of unsaturated substance—nothing 
is dependent on the presence of hydroxy, amino, or 
other groups in the molecule. 

Cyclopentadiene and azodicarboxylic ester were 
found to form a bicyclic ring system (21): 





CH=CH N—COOR CH— CH—N—COOR 
| bu, + | —_ | ‘i —_ 
CH=CH N—COOR CH—CH—N—COOR 
CH:—CHNHz: 
bn 
cu,—CHNE, 





*In part an abridged version of a lecture given before the 
Montreal Section of the Society of Chemical Industry, Nov. 4, 
1931. 


CHARLES F. H. ALLEN 


McGill University, Montreal, Canada 


494 


Addition takes place in the 1:4 positions (7. e., at the 
ends of the conjugated system) and one double bond 
disappears. The structure of the product was deter- 
mined by catalytically reducing the remaining C=C 
linkage, hydrolyzing, and reducing, when the known 
1,3-diaminocyclopentane was formed. 
On searching the literature for possible previous work, 

a paper by Albrecht (a student of Thiele’s) was found 
(1). It contained the description of two substances 
formed from quinone and one or two molecules of 
cyclopentadiene, to which the following formulas were 
assigned : 

CH—CO—CHC;H; 

| and 

CH—CO—CH; 
By analogy with the azo ester addition product, Diels 
concluded (5a) that the formulas should be 


; O 

| 
CH- ~¢-cHt—-cH—cH all call lia C-CH St « 
ee oi | 


| 

H— ia —CH— —_ eal —C. 
and proved that this was so by a series of transforma- 
tions that ultimately led to 1,4-naphthoquinone and 
anthraquinone, respectively. Each of these substances 
contains an endomethylene bridge. 

The similarity in structure of the azo ester to quinone 
is — 


seal CO—CHC;H; 
C;H;CH—CO—CH:2 


and 
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The same grouping (I) occurs in many other unsatu- 
rated compounds and it was found on further investiga- 
tion that only the upper portion of the grouping was 
essential—~. e., it should be possible to substitute for 
quinone any substance having a conjugated system— 
and continued research confirmed this prediction. 
Among the more valuable compounds that have been 
used may be mentioned maleic anhydride, acrolein, 
crotonaldehyde, crotonitrile, acetylene dicarboxylic 
ester, quinone, and a-naphthoquinone (5), (6), (12), 
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(17). Other dienes may be substituted for cyclopenta- 
diene, as will be shown in the examples to follow. 

Acrolein was added to butadiene, isoprene, myrcene, 
and a-phellandrene, and crotonaldehyde to butadiene, 
isoprene, two dimethyl and one trimethyl butadienes 
(5a), (9): 


CH; 
i 
CH CH, 


CH, 
Pais 
CH, —s 
CHCHO 


— | | Ee. | 
CH CHCHO 
pF: 


i CH: 


CH CHe CHe 


In the above instance the primary addition product was 
tetrahydrobenzaldehyde, which was catalytically re- 
duced to the known hexahydrobenzaldehyde, thus 
showing that a six-membered ring had been formed and 
that the addition had occurred at the ends of the con- 
jugated system, or in the 1:4 positions (5). In every 
case the structure of the product was carefully deter- 
mined, and 1:4 addition only was found to have taken 
place. These aldehydes may be of practical interest 
as raw materials or intermediate products for the per- 
fumer. The substances produced by the use of maleic 
‘anhydride have been of greater general interest to 
organic chemists. 

The polyenes always gave 1,4-addition products 
(II) regardless of the length of the conjugated system, 
further proof that Thiele’s theory of addition is inade- 
quate in that it does not allow of addition except at 
the ends of such a system; e. g., 1,5-diphenylhexatriene 
(III) (16). 
C;H;CH=CHCH 


CHCHO 


H  CH-—CO 

‘a | — 
CH cH—co 

Il 4H,C,CH 


The remarkable feature of these reactions is the ease 
and rapidity with which they take place; to select an 
example at random—butadiene and maleic anhydride 
form tetrahydrophthalic anhydride quantitatively in 
a few minutes, as compared to the tedious, circuitous 
methods used by Baeyer to get the same substance (5a). 

Cyclic dienes have also been used—indeed the reac- 
tion was discovered with cyclopentadiene (5a). Cyclo- 
hexadiene (15) and one of its homologs, a-phel- 
landrene, have given interesting results. First consider 
some products from cyclopentadiene and acrolein (9): 


CH=CH ie 
| CH: + || 
CH=CH CH 
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The reduced aldehyde (IV) contains a bridge and is sug- 
gestive of the terpenes; indeed, the diene synthesis 
has enabled Diels to synthesize a considerable number 
of terpenes, such as santene, santenol, norcamphor, 
and camphenilone (14). Diphenylfulvene (V), a sub- 
stituted cyclopentadiene, was successfully used (16). 


oer on CH- 98 -CH—CO 
| 
% —_ | | C=C(CeHs)2 ? 


C—C(CiHs + Ee 
CH=CH V CH— ke ) oag -CH—CO 


Other cyclic systems, similar to cyclopentadiene, are 
furane (VI) and pyrrol; the use of these and their 
derivatives would lead to substances having oxygen or 
nitrogen bridges (e. g., certain of the alkaloids). With 
furans the reaction proceeded normally (VII) (11), 
(13): 

ile a CH— ode walle i 
£ “La aaa 
ae -O 

VII 


nal 


CH=C ha 


© ci-cH-cHCo 
ae. 
CH—CH—CH—CO 
VIII 
but with pyrrol, instead of a substance of analogous 
structure (VIII) a mixture resulted, largely the nitro- 
gen-free diketone (X) but containing a little pyrrol- 
dipropionic acid (IX) (18), (19), (20). 
CH CH 


| | 
HOOCCH.CH,—C—NH—C—CH;CH,COOH IX 
CH,—CO—CH:CH,COOH 


CH:—CO—CH:CH:COOH X 


The diketone is obviously a hydrolysis product of the 
pyrrol acid. By using a-methylpyrrol, it was pos- 
sible to isolate the intermediate products and so deter- 
mine the mechanism. 
an i 
I 
Oo —> Hs cc C—CHCOOH 
oo ; NH CH,COOH 
CH—CH 
heat | sl 
_—_> H;CC C—CH:;CH:COOH 
—COsz ra 
NH 
Evidently in pyrrol the hydrogen is too active and adds 
to the maleic anhydride. This should be compared 
with resorcinol dimethyl ether and maleic anhydride, 
where the same thing was noticed (22): 
CH:—CO 
| 


| 
CH—CO 


OCH; 


OCH; 
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The substituted pyrrol, indol, is even more reactive, 
but otherwise essentially like the simple substance; 
a-methylindol added to maleic anhydride and gave a 
mixture of substances among which the anhydride 
(XI) predominated. It also added to quinone (8), (20). 


ae 
ACH 
N 


| 
R = H,CH; R XI 


ah oo 
co CO 
\’ 
O 


In general, glyoxalines and pyrazols resemble pyrrol, 
but in some instances give different types of products 
(14). Thus, 1,2-dimethylglyoxaline added two mole- 
cules of acetylene dicarboxylic ester to the C—=N link- 
age to form (XII) which was converted into 2-methyl- 
pyridine. 

COOR 


| 
C 


oN 
ROOCG ee 
| | 
Roocc C CH 
4 ie al 
Cc] oN 
| CHs 
ROOC 
R = H,CHs 


bu, XII 

Pyridine and quinoline acted in a similar manner 
(7); (XIII) resulted from pyridine and acetylene di- 
carboxylic ester. It was hydrolyzed and decarboxy- 
lated to quinolizine; the completely reduced quinolizine 
was transformed into 2-butylpiperidine by cyanogen 
bromide. Oxidation of (XIII) gave an indolizine, 
which, after hydrolysis and decarboxylation gave 
indolizine (XIV). The latter was converted into the 
alkaloid coniine by the same general method (cf, 
butylpiperidine). 
CH=CH—CH—CR=CR CH=CH—C=CH-——_CH 
by—cn—N—cR= bp bu —cH—n bes 
XIII R=COOCH; XIV 


Cumalin (XV) contains the requisite diene linkage, 
and it was not surprising to find it resembled furan; 
when heated in toluene or xylene solution with maleic 
anhydride a tricyclic anhydride (XVI) was formed (10). 


CH CH 
HOOC COOH 
7 a ee ot 00 
CH;00CC O CH;00CC ? 7 COOH 


én ¢o | ¢ 
ed cH 
CH 


CH—CO 
4 


XVI XVII 


The presence of the six-carbon ring was shown by 
transformation into trimesic acid (XVII). When 
heated (XVI) lost the bridge as CO:, forming a sub- 
stance (XVIII) containing a conjugated system. 
When the reaction was carried out in the absence of a 
solvent, carbon dioxide was lost and a second molecule 
of anhydride added to the conjugated system in 
(XVIII) to give (XIX). 
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CH CH 


oN 
Tea i 
Ps ea CH-CO CH—CO 
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l CH-CO CH—CO 


*~ 


XVIII CH 


Cyclohexadiene gave analogous compounds of which 
only a few will be mentioned (15). They contain an 
endoethylene bridge. 


CH 


aN 
CH CH; 


| 
CH CH, 


\Z 
CH 


A mixture of both types (A, B) was obtained by simply 
boiling an alcoholic solution of the components. The 
y-H (starred) was easily lost on gentle oxidation with 
consequent formation of an anthraquinone with two 
bridges; by heating slightly the bridge was lost as an 
unsaturated hydrocarbon (ethylene). The y-H showed 
a pronounced tendency to enolize. The substances 
formed dioximes, enol acetates, and colored potassium 
salts which were oxidized in the air to quinones. By 
substituting a-naphthoquinone a substance like B but 
with only one bridged ring resulted. The same types 
without bridges were prepared from butadiene, one 
being like naphthalene and the otherlikeanthracene (17). 
O 
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Twenty minutes heating of anthracene with maleic 
anhydride gave an endo compound (XX), the structure 
of which was determined by its reactions and oxidation 
to anthraquinone; therefore, the hydrocarbon has the 
structure (XXI) (6). 


( Y EN Ae 
PB. 
| 


CH-CO | 


MATA 


The structure of several other polynuclear hydrocarbons 
has been determined in a similar manner (3). 

The diene synthesis has been used to prove the struc- 
ture of many dienes; e. g., 1,3-dimethylbutadiene (9), 
(17), chloroprene (2), and a-phellandrene (4), (17). 

Diels is much impressed with the ease with which 
these reactions take place, and offers the suggestion that 
the process is going on in nature. It is well known that 
very complex substances are produced in the living 
cell without the use of high temperatures or pressures, 
in the absence of vigorous chemical reagents (e. g., 
bromine) and probably in water solution. The forma- 
tion of many, if not all, of these substances is associated 
in our minds with enzymes, chlorophyll, and the like, 
which at some stage of the process are probably con- 
nected with the starting materials. The aldol con- 
densation is so familiar that its application to carbo- 
hydrate synthesis need only be recalled. 

A series of hydrocarbons, comprising the terpenes, 
sesquiterpenes, their homologs and derivatives, is 
found in natural products: most of these are conveni- 
ently considered to be made up of isoprene units, so 
that it is not too great a stretch of the imagination to 
think that they may have been formed by a diene 
synthesis from that hydrocarbon. Since isoprene poly- 
merizes spontaneously, the energy required is certainly 
very slight and the process might easily be considered 
as taking place in the living cell, thus leading to the 
terpenes. The work of Diels and Alder, which has 
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shown the ease with which the diene synthesis takes 
place to produce so many complex substances, makes 
such an assumption very plausible. 

The uses of this synthesis to the organic chemist may 
be summarized briefly as follows: it gives a new 
method for determining the structures of dienes having 
a conjugated system; it allows the synthesis of com- 
plex substances previously unknown, or obtainable 
only with extreme difficulty; it furnishes new types of 
compounds that may ultimately be of great commercial 
value. 


ADDENDA 


The most recent example of the diene synthesis is 
the formation of a tricyclic diketone (III), having a 
carbonyl bridge—the latter is split out as carbon 
monoxide by heating (23). This new compound is 
formed by the addition of one molecule of a diene (II) 
to another, the diene being a dehydration product of 
anhydracetonebenzil (I). 


C;H;C—=CH 
c= 
i 
CsH;C—CHy, 
OH 
I 


cae ee 
| 
+ -HC CH 

a al 

Cc 

| 

b 


It has recently been found that the diene synthesis 
does not always occur when expected, very slight sub- 
stitution sometimes preventing the reaction (24), 
(25). Therefore it is ‘‘diagnostic only if it leads to 
positive results” (25). 
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IMPROVED APPARATUS for 
DEMONSTRATION of FIXATION 
of ATMOSPHERIC NITROGEN 


GARRETT W. THIESSEN 


Monmouth College, Monmouth, Illinois 


A variant form of apparatus for demonstrating the 
arc process of nitrogen fixation is presented. A more 
complete and vivid demonstration may be secured by this 
device than by others previously described. 


+++ +o + 


HE author has used for a number of years in 
lecture demonstration of the are process of 
nitrogen fixation an apparatus which combines 

some of the advantages of two forms recently published 
in THIS JOURNAL.'? The 


with a projecting prong reaching down to within !/2 
inch of 1’. 1’ carries a spiral s of heavy aluminum 
wire at its lower end outside of the globe for cooling. 
Glass and rubber connections bring the effluent gas 
to the wash bottle, W, at whose outlet, P, an aspira- 
tor is connected, maintaining a flow of air through 
the system. W contains distilled water reddened with 
a few drops each of phenolphthalein and lime water. 
With proper adjustment, it will be necessary to 
open and close the line switch quickly a number of 
times to increase tempo- 





arrangement shown in the 
accompanying photograph 
combines the completeness 
of demonstration of the 
apparatus of Williams’ with 
the clearness and emphasis 
of the immediate reaction 
obtained by that of Doane.’ 
The device also varies in 
some significant details from 
that described by Olsson.* 
T is a Thordarson trans- 
former, */,-kilovolt-ampere, 
8000-volt size. Its primary 
terminals are connected to 
the city power supply by a 
plug, cord, and switch. The 
secondary output is taken 
to the tubular aluminum 
electrodes, 1, 1’ fastened 
by rubber stoppers, 7, 7’ 
(preferably red) in the two 
tubulatures at right angles 
in a glass globe, G, of the 





rarily the induced output of 
the transformer to start the 
arc. The flame starting at 
the lower prong at 1 should 
rise to or near the tubular 
electrode itself in a brilliant 
arc. To secure this result, 
the starting gap should be 
of such length that the 
transformer can just senda 
spark across it. Adjust- 
ment is easier with a some- 
what more powerful trans- 
former. With or without 
wide adjustment of the gap, 
G, the brown color of NO» 
will become apparent after 
a few minutes operation 
with suction shut off. By 
stopping the arc for a few 
minutes the effect of tem- 
perature on the equilibrium 
2NO.2 — NoO, will be 
shown by the deepening of 





sort sometimes used for re- 
tort receivers. A globe 4.5” in diameter has given many 
hours’ service with no trouble from breakage. The 
electrodes are about one inch apart at their nearest 
points. The shorter one, J, leads a horizontal stream 
of air into the flame. The inner end of J carries a spiral 
of aluminum wire (not apparent in the photograph) 
1 WILLIAMS, “Fertilizer from the air. A project for chemistry 


students at the secondary-school level,’’ J. CHEM. Epuc., 8, 
462-70 (Mar., 1931). 

2 Doane, ‘‘Apparatus for illustrating the arc method for the 
fixation of nitrogen, and also for the formation of ozone,” zbid., 
9, 1113 (June, 1932). 

3 O_sson, ‘“‘Demonstration: Fixation of atmospheric nitrogen,” 
tbid., 9, 1829-30 (Oct., 1932). 


the brown color. On re- 
starting the arc and applying gentle suction at P, the 
color of the liquid in W is soon discharged coinci- 
dent with the formation of “Swedish saltpeter’ in 
the solution. Use of methyl orange indicator o1 a soda 
lime tube at g will prevent the argument that CO, might 
have produced the acidity in W from vitiating the 
results. While the transformer is operating, contact 
even with an apparently insulated portion of the set-up 
may be painful or dangerous. 

As a project one of the students successfully used this 
outfit as a source of catalyst for a working model of 
the chamber process for making sulfuric acid. 
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The NINTH CENSUS of 
GRADUATE RESEARCH STUDENTS 
in CHEMISTRY, 1932 


CALLIE HULL anp CLARENCE J. WEST 


Research Information Service, National Research Council, Washington, D. C. 


HE Ninth Census of Graduate Research Students 

in Chemistry (covering the academic year 

1932-33) continues the annual compilation which 
was first issued in 1924.* The present compilation 
(Table 1, pp. 500-3) includes returns from one hundred 
forty-three universities, of which fifteen have reported 
members of the faculty only engaged in chemical re- 
search. 

It should be mentioned that in Table 2, while a 
column is given to the faculty, the numbers given there 
are not included in the totals, as those numbers refer 
to the graduate students only, and are comparable 
with the totals for previous years. 

The academic year 1932-33 shows an increase of 
87 research students over that of 1931-32 as compared 
with a gain of 466 for the preceding year; there is a 
gain of 103 in the number registered for a doctorate and 
a loss of 16 in those registered for a master’s degree. 
The fact that there is an increased enrolment of 553 


* ZANETTI, Ind. Eng. Chem., 16, 402 (1924); Norris, ibid., 
17, 755 (1925); West AND Hutt, J. CuEm. Epuc., 4, 909 (July, 
1927); 5, 882 (July, 1928); 6, 13838 (July-Aug., 1929); 7, 1674 
(July, 1930); 8, 1374 (July, 1931); 9, 1472 (Aug., 1932). 


in 1932-33 as compared with 1930-31 probably is best 
explained by the lack of professional occupation for the 
graduates of the B.S. course in chemistry during these 
two years. 

The columns headed ‘‘Faculty”’ in the tables show an 
increase of 94 over the previous year. This is accounted 
for, in part, by the inclusion of 35 post-graduate stu- 
dents and National Research Council Fellows in the 
faculties of Chicago, Columbia, Ohio State, and Prince- 
ton. This probably does not mean an actual increase 
of 59 in the faculties of the universities reporting, since 
it is felt that some faculty members, interested in two 
or more fields of research, may have been reported 
under each subject. 

This compilation will be made again next year, at 
which time an effort will be made to evaluate the 
statistics for the ten-year period. It is hoped that this 
will show the research trend in the various fields of 
chemistry as well as in the universities in which the 
work is being done. 

Acknowledgment is made to the heads of the depart- 
ments of chemistry in the universities for their codpera- 
tion in making this census possible. 


TABLE 2 


NUMBER OF GRADUATE STUDENTS ENGAGED IN RESEARCH IN VARIOUS FIELDS OF CHEMISTRY 


1932 
M D 


242 353 
42 

32 

35 24 
51 35 
19 9 
57 43 
162 75 
63 
22 


Total 
595 
81 
52 


Subject 
General & Physical 
Colloid 
Catalysis 
Subatomic & Radio 
Electro-inorganic 
Electro-organic 
Photochemistry & Photography 
Inorganic 
Analytical 


Metallurgical 74 


943 

269 
15 7 
47 27 
21 9 
91 39 
35 16 

161 90 
82 27 

374 156 


3348* 1768 


Organic 
Physiological 
Pharmacological 
Pharmaceutical 
Sanitary 
Nutrition 


Agricultural 
Industrial & Engineering 


Chemical Engineering 218 


TOTALS 4580* 


* Includes 37 masters not classified. 
tT Includes 31 masters not classified. 


284 


210 


1924 
Total 
240 
69 
51 
20 
38 
18 
24 


1925 
Total 
332 
77 
33 
27 
42 
14 


1926 
Total 
343 
58 
31 
21 
32 
13 
25 


1927 
Total 
430 
79 
28 
21 
421 
11 
25 
116 
75 
21 
570 
233 134 
16 7 
34 14 
16 25 
78 58 
34 27 
108 89 
63 
301 


1928 
Total 


406 
86 
27 


1929 
Total 
448 
82 
34 
20 
24 
15 
41 


1930 
Total 


520 
78 
44 
39 
49 
19 
44 


1931 
F Total 


577 
101 

52 
19 42 
19 55 

4 12 
14 43 
78 
72 
36 


37 
19 


86 
44 
28 


71 
38 
422 


54 
34 


102 

78 46 
930 
252 
13 
54 
29 


19 
14 
11 
66 
23 
86 
43 


32 


84 
347 


2795t 





JOURNAL OF CHEMICAL EDUCATION 


TABLE 1.—NoumMsBeER oF GRADUATE STUDENTS ENGAGED IN RE- 
““M” indicates those working for a Master's degree, ‘‘D,”’ Doctor’s 
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Birmingham §S. Coll. 
Howard Coll. 

U. of Ala. 
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U. of Ariz. 
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U. of Ark. 








California: 

Calif. Inst. Tech. 
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Mills Coll. 
Stanford U. 
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Colo. Coll. 
U. of Colo. 





Connecticut: 
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Trinity Coll. 
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Yale U. 














Delaware: 
U. of Del. 











Dist. of Columbia: 
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Geo. Washington U. 
Georgetown U. 








Florida: 
U. of Fla. 
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Wesleyan Coll. 
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U. of Hawaii 
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U. of Idaho 
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Ill. Wesleyan U. 
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Northwestern U. 
U. of Chicago 
U. of Ill. 
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Clark U. 
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Mass. Coll. Pharm. 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coll. 
Wellesley Coll. 
Williams Coll. 
Worcester Poly. 
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St. Louis U. 
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Washington U. 



































PO CO a N 






































Avucust, 1933 


SEARCH IN CHEMISTRY ACCORDING TO UNIVERSITY AND SUBJECT 
degree, and “F,’’ number on faculty engaged in research. 
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| ced see. 
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Massachusetts: 
Amherst Coll. 
Boston Coll. 
Clark U. 

Harvard U. 

Holy Cross Coll. 
Mass. Coll. Pharm, 
Mass. Inst. Tech. 
Mass. State Coll. 
Mt. Holyoke Coll. 
Tufts Coll. 
Wellesley Coll. 
Williams Coll. 
Worcester Poly. 
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Michigan: 
Mich. State Coll. 
U. of Mich. 





oO 
on 


Minnesota: 
U. of Minn. 





Mississippi: 
U. of Miss. 





4 6 
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8 10 1 





























Missouri: 

Mo. Sch. Mines 
St. Louis U. 

U. of Mo. 





Washington U. 





* 37 Masters not classified. 
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Nebraska: 

U. of Neb. 5 8 4 2 1 1 3.12 § 
Nevada: 

U. of Nev. 1 1 
New Hampshire: 
Dartmouth Coll. 
U. of N. H. 

New Jersey: 
Princeton U. 
Rutgers U. 

New Mexico: 

N. M.C. A. & 
New York: 

Albany Med. Coll. 
Columbia U. 
Cornell U. 
Fordham U. 

N. Y. S. Coll. For. 
eeu: 

Poly. Inst. Brooklyn 
Rensselaer Poly. 
Syracuse U. 

U. of Rochester 
Vassar Coll. 

North Carolina: 
Duke U. 

N. C. State Coll. 
U. of N. C. 

North Dakota: 

N. D. Agr. Coll. 

U. of N. D. 

Ohio: 

Case Sch. Appl. Sci. 
Kenyon Coll. 
Oberlin Coll. 

Ohio State U. 

U. of Akron 

U. of Cincinnati 

U. of Dayton 
Western Reserve U. 
Wittenberg Coll. 
Oklahoma: 

Okla. A. & M. Coll. 
U. of Okla. 


Oregon: 
Ore. State Agr. Coll. 
U. of Ore. 
Pennsylvania: 
Bryn Mawr Coll. 
Bucknell U. 
Carnegie Inst. Tech. 
Dickinson Coll. 
Grove City Coll. 
Haverford Coll. 
Lafayette Coll. 
Lehigh U. 
Penn State Coll. 
Swarthmore Coll. 
U. of Penn. 
U. of Pittsburgh 
Rhode Island: 
Brown U. 
R. I. State Coll. 
South Dakota: 
S. D. St. C. A. & M. 
S. D. St. Sch. Mines 
U. of S. D. 
Tennessee: 
U. of Tenn. 
Vanderbilt U. 
Texas: 
A. & M. Coll. Tex. 
Baylor U. 
Rice Inst. 
U. of Texas 
Utah: 
U. State Agr. Coll. 
U. of Utah 
Vermont: 
Middlebury Coll. 
U. of Vermont 
Virginia: 
U. of Va. 
Va. Poly. Inst. 
Wash. & Lee U. 
Wm. & Mary Coll. 
Washington: 
State Coll. Wash. 
. of Wash. 
West Virginia: 
ova. U. 
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Wisconsin: 

Inst. Paper Chem. 
Lawrence Coll. 
Marquette Med. Sch. 
U. of Wis. 3 12 
Wyoming: 

U. of Wyo. 1 1 1 
TOTALS 242 353 284 | 39 42 37 | 20 32 19 | 11 24 19 | 16 35 19 14 43 14 | 87 75 78 52 22 36 | 400 543 310 
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Ohio: 
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Oberlin Coll. 

Ohio State U. 

U. of Akron 

U. of Cincinnati 
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Western Reserve U. 
Wittenberg Coll. 
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U. of Okla. 
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Oregon: 
Ore. State Agr. Coll. 
U. of Ore. 
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Pennsylvania: 
Bryn Mawr Coll. 
Bucknell U. 
Carnegie Inst. Tech. 
Dickinson Coll. 
Grove City Coll. 
Haverford Coll. 
Lafayette Coll. 
Lehigh U. 

Penn State Coll. 
Swarthmore Coll. 
U. of Penn. 

U. of Pittsburgh 





Rhode Island: 
Brown U. 
R. I. State Coll. 





South Dakota: 

S. D. St. C. A. & M. 
S. D. St. Sch. Mines 
U. of S. D. 





Tennessee: 
U. of Tenn. 
Vanderbilt U. 








Texas: 

A. & M. Coll. Tex. 
Baylor U. 

Rice Inst. 

U. of Texas 
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U. State Agr. Coll. 
U. of Utah 
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Middlebury Coll. 
U. of Vermont 
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Wash. & Lee U. 
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State Coll. Wash. 
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19 16 23 





71 90 86 





55 27 43 


218 156 122 








1580 1768 1486 
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CALIBRATION of APPARATUS 
as an EXERCISE in QUANTI- 


TATIVE ANALYSIS’ 


The desirability of calibrating volumetric apparatus 
even for student use is discussed and pedagogical advan- 
tages of the exercise noted. Data are given indicating 
the magnitude of possible errors involved and the con- 
cordance in calibration results of various students. 


++ + + + + 


F ONE may judge from some of the most widely 
| used laboratory manuals of the present time, the 

calibration of volumetric apparatus, flasks, pipets, 
and burets, is not generally favored as an exercise in the 
beginning course in quantitative analysis. Most ele- 
mentary quantitative manuals describe how it is done 
and explain why it is desirable for ‘work of high ac- 
curacy.” They do not direct, however, that the stu- 
dent should be required to carry out the exercise in the 
case of the measuring apparatus which he himself will 
use in volumetric methods of analysis. For ten years 
or more students at Haverford College have been re- 
quired to calibrate their flasks, burets, and pipets 
as an early exercise in the beginning quantitative course. 
Our experience has shown us that the results, both prac- 
tically and pedagogically, justify the time spent upon 
this work, and on these bases we recommend the 
exercise. 

The exercise seems to be pedagogically sound, for it 
serves as a suitable vehicle for instruction in the signifi- 
cance of the terms “accuracy” and “precision” and 
for acquiring in actual practice the idea that there are 
limits to the accuracy with which a volume can be read. 
Also, the exercise teaches the student, before he em- 
barks on more time-consuming analyses, how to use his 
tools in the right way. 

Our experience indicates that failure to calibrate 
volumetric apparatus may have a dire influence on 
analytical results obtained by the student and may ex- 
plain the frequent lack of concordance between the 
student’s analyses and the instructor’s values. Also, 
they indicate pretty clearly that the faith of those who 
believe implicitly in the legends etched upon pipets, 
burets, and flasks may be sadly misplaced. All the 
volumetric apparatus used in this laboratory was pur- 
chased from reputable supply houses and is by no 
means representative of the worst obtainable; yet 
very serious deviations of the actual from the stated 


* Presented before the Division of Chemical Education of the 
A. C. S., at Washington, D. C., March 29, 1933. 


W. B. MELDRUM anp W. E. CADBURY, JR. 


Haverford College, Haverford, Pennsylvania 
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volumes are not unusual. An examination of the re- 
sults obtained in some cases should convince anyone 
that such calibration is not only desirable but necessary 
if analyses are to be even approximately correct. Each 
student calibrates one flask, one pipet, and two burets 
each year, and the values given in the illustrative 
samples that follow were obtained independently over 
a period of years. 


CALIBRATION OF FLASKS 


The volumetric flask is calibrated by the accepted 
method. The flask is cleaned and dried, weighed to 
0.01 g., filled to the mark with distilled water at very 
nearly 20°C., and again weighed. The weight of the 
water is corrected to vacuo, and from this weight and 
the known density of water, the true volume of the flask 
is determined. The flasks used are graduated to con- 
tain 250 ml. at 20°C. In calibrating all volumetric 
apparatus attention is paid to the temperature of the 
water used. In order that a calibration is to be of 
value, the temperature of calibration must be the same, 
within the limits of two or three degrees, as the working 
temperature. When water or aqueous solution is the 
liquid being measured, the magnitude of the error is 
about 0.02% per degree; hence a five-degree variation 
would cause an error of about 0.1%. 

In the table that follows, results for three successive 
years are given for each flask. 


Flask No. 19 17 16 
Volume reported: 250.57 ml. 249.88 ml. 247.19 ml. 
250.56 249.82 247.23 
250.58 249.79 247.25 


In the case of the first two flasks, Nos. 19 and 17, the 
errors due to lack of calibration would not be serious 
in ordinary analytical work, about 0.2% for the former, 
and less than 0.1% for the latter. But the error intro- 
duced by neglecting to calibrate No. 16 and to apply 
the necessary correction would be intolerable—more 
than 1%—and might readily account for some stu- 
dent’s ‘‘poor analytical technic.” 


CALIBRATION OF PIPETS 


Pipets are usually calibrated ‘‘to deliver.’’ The 
pipet, carefully cleaned to render it free-flowing, is 
filled to the mark with distilled water at 20°C., and the 
water run into a previously weighed weighing bottle and 
weighed to 0.001 g. The favored procedure of empty- 
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ing the pipet is to let it drain for one minute and then 
to remove as much as possible of the water remaining 
in the tip by touching the tip to the wall of the weigh- 
ing bottle several times. The true volume of the pipet 
is calculated in the same manner as that of the flask. 
The following are representative of results obtained 
over a period of years. 


Pipet No. 4 7 15 23 


Volume reported: 25.00 ml. 25.05 ml. 25.07 ml. 
24.95 25.06 25.09 
24.94 25.04 25.07 
24.98 25.06 25.06 


An error of 0.05 ml. in 25 ml. represents an error of 


0.2%. 
CALIBRATION OF BURETS 


Burets are calibrated by the following method. The 
buret is filled with distilled water at 20°C. Approxi- 
mately 5 ml. are run out into a previously weighed 
weighing bottle and weighed to 0.001 g. The buret 
is read to 0.01 ml. Then 5 ml. more are run out and 
weighed, and this is continued for each 5-ml. section 
of the buret. From the calculated true volume of 
the water and the readings of the buret the correction 
to be applied is determined. This method has the dis- 
advantage that any error due to water lost by evapora- 
tion or otherwise is repeated in each subsequent meas- 
urement on the same buret. Actually we find that 
results, using this procedure, are not trustworthy, as 
evaporation from moisture on the stopper may account 
for a loss of as much as 10 mg. in as short a time as 5 
minutes. A better method is to refill the buret each 
time, the first time to run out 5 ml., the second time 
10 ml., and so on, emptying and re-weighing the weigh- 
ing bottle each time. In this way no additive errors 
are introduced. The greater amount of time required 
by this method of calibration is quite tae by the 
greater accuracy of the results. 

For a complete calibration of a buret, measurements 
should be made for a smaller interval, e. g., for each 
milliliter. However, the usual assumption is made, 
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as in the calibration of thermometers by the Bureau of 
Standards, that variations in the bore of glass tubing 
are not abrupt but gradual, and may therefore be 
represented as the most probable case by a straight-line 
curve between adjacent points of calibration. For 
purposes of ordinary analytical work calibrations at 5- 
ml. intervals are considered to comply with the per- 
mitted limits of accuracy. 

In the accompanying calibration curve the volumes as 
read are plotted horizontally, the corrections to be 
added vertically; corrections for volumes intermediate 
between calibrated volumes are interpolated directly. 


+0.12 
+0.10 
+0.08 
+0.06 
+0.04 
+0.02 

0.0 
—0.02 
—0.04 
—0.06 
—0.08 
=010 
—0.12 


0 


Correction to be added. 


Volume. 


Curves are shown for buret No. 24 as determined by 
three observers. Two sections of the buret are seri- 
ously in error: near 10 ml. and above 15 ml. At 10 
ml. the error is about 0.6%, and at 25 ml. it is about 
0.4%. It is obvious that if this buret were to be used 
without applying the correction, the error introduced 
would be sufficient to invalidate results. 

It is evident from concordance of various experi- 
menters working independently in different years that 
the calibrations are of real significance. It is evident, 
too, that errors introduced by employing the volumes 
read, without correction, might be considerable. 





VICTOR MEYER APPARATUS 


EUGENE W. BLANK 


241 N. Ninth Street, Allentown, Pennsylvania 


ECENTLY the writer described a modified 
R Victor Meyer apparatus for the determination 
of molecular weights.' Subsequent practice 
with this apparatus has led to several changes in 
design and technic tending to produce more uniform 
and concordant results. 
The apparatus, as now used, is illustrated by the 
accompanying figure. The inner tube (A) ‘is immersed 
1 BLANK, J. CHEM. Epuc., 8, 546 (Mar., 1931). 


in the vapor of a boiling liquid undergoing distillation 
from the flask (B). A small quantity of sand or a 
tuft of glass wool is placed on the bottom of the air 
chamber (A) to break the fall of the sample tube. 
The sample is introduced by means of a glass cock 
(C) which does away with the former use of a rubber 
stopper. The sample is sealed in a glass capillary 
tube of a diameter which allows it to pass through the 
bore of the stopcock plug. The capillary is prevented 
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from falling into the vaporization chamber, until the 
plug is turned, by a globule of glass fused on the end. 
Turning the plug breaks the capillary and allows it to 
fall to the bottom of the vaporization bulb. 

The volume of air displaced by the vaporized sample 
is collected and measured in a graduated pipet (D) 
immersed in a cylinder of water. 

The procedure in a determination of vapor density 
consists in opening the stopcock (C), heating the liquid 
in (B) until distillation has proceeded for 3 to 5 minutes 
and then, by closing (C), determining if there is a 
change in the water level in the pipet. No change of 
the water level in the pipet is an indication that the 
temperature is con- 
stant. The water 
level is brought to 
the zero of the cali- 
brated pipet. 

A sample of the 
material under test 
(0.0200 to 0.0250 
g.) is weighed into 
a capillary and 
sealed. Solids may 
be formed into 
small rods.?. Melt- 
ing-point tubes of a 
diameter that al- 
lowsof their passing 
readily through the 
bore of the stop- 
cock (C) are drawn 
from 0.5 cm. diam- 
eter tubing and cut 
into 7-cm. lengths. 
A dry, clean tube 
is weighed on the 
micro-balance and 
asample of appro- 
priate weight added 
by means of a micro-pipet. The tube is carefully 
heated 1 to 1.5 cm. from the open end and traces of 
sample adhering to the walls of the capillary distilled 
toward the main body of sample. Liquid from the 
heated portion of the tube to the open end is distilled 
into the atmosphere. The tube is constricted by 
drawing out and a tiny bead of glass formed at the 
heated portion by doubling the hot tube back on 
itself. Re-weigh to obtain the weight of sample. A 


2 LassaR-Coun, ‘Organic laboratory methods,’”’ translated 
by R. E. Oresper, The Williams and Wilkins Co., Baltimore, 
1928, p. 304. 
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filled and sealed tube is shown in position in the dia- 
gram. The capillary is suspended in the bore of the 
stopcock (C) by means of the bead of fused glass. 

When the temperature of the apparatus has become 
constant (observed by closing the tube above (C) by 
means of a stopper if the capillary has been previously 
inserted in the bore of stopcock) the plug of the stop- 
cock is turned, thereby breaking the capillary and 
allowing it to fall to the bottom of the tube. The 
sample vaporizes and a volume of air equal to the 
volume of the vapor flows into (D) where it quickly 
assumes the temperature of the water (water at room 
temperature). The position of the leveling cylinder 
is now adjusted and the volume of the displaced air 
measured. Since the air is measured over water the 
pressure to which it is subjected is that of the atmos- 
phere diminished by the vapor pressure of water at 
the temperature of the room. Calculation of the 
molecular weight involves application of the perfect 
gas relation PV = NRT. 

The following heating liquids may be utilized: water 
(100°); toluene (111°); xylene (140°); aniline (183°); 
ethyl benzoate (213°); amyl benzoate (262°); a- 
naphthylamine (300°); and diphenylamine (310°). 

A liquid with a boiling point 15° to 25°C. above 
that of the sample is used as the heating medium. In 
the event of using a very high-boiling-point material 
the water-cooled condenser may be replaced by an 
air-cooled tube. 

In case the compound under test tends to decompose 
upon vaporization at atmospheric pressure, the initial 
pressure in (A) may be lowered by evacuation. A 
glass L pointing downward is attached to the ap- 
paratus at point (Z). The glass LZ is connected by 
pressure tubing to a reservoir of mercury and the 
apparatus evacuated through cock (C) until the mer- 
cury has risen to a fixed mark on the glass L. The 
sample is suspended in the bore of (C) before evacua- 
tion of the apparatus. When the mercury level is 
constant the sample is released by turning the stop- 
cock (C) and the mercury brought up to the mark on 
the glass L by raising the mercury reservoir. The 
change of height of the mercury reservoir is an indica- 
tion of the pressure change within the apparatus. The 
volume of the apparatus is previously determined by 
filling with water to the mark on the glass L. 

The advantages of this apparatus include low cost 
due to the use of regular laboratory stock, ready re- 
placement of broken parts, elimination of the necessity 
for glassblowing skill, and saving of space. Very small 
quantities of sample are required for a determination 
and concordant results are readily and rapidly obtained. 





Almost universal lip-service is accorded the proposition that elementary chemical instruction should reflect the vitality of the 
science itself. Human inertia and perversity being what they are, however, the acceptance of this proposition too seldom 
We are, therefore, particularly glad to announce for the October number of the poo in- 
side 
from the fact that the subject matter should be of great value to both college and high-school teachers, we are 
of the opinion that this contribution constitutes an excellent example of a truly sound method for making 
chemical instruction not only vital but interesting. 


leads to appropriate action. 


stalment of a paper by C. W. Stillwell, entitled “Chapters in Crystal Chemistry for College Freshmen.” 





RAPID PREPARATION of 
ANHYDROUS Na.CO, for 
USE in ACIDIMETRY 


Dissociation and Dehydration of NaHCO; under Reduced Pressure 


G. FREDERICK SMITH anv V. R. HARDY 


University of Illinois, Urbana, IIlinois 


HE standardization of acids is most commonly 

carried out using anhydrous sodium carbonate. 

The reagent is cheap, easily purified, satisfactorily 
stable in air and practically all possible variables 
associated with its preparation and applications in 
acidimetry have been exhaustively studied.1 The 
dissociation of sodium bicarbonate to the normal an- 
hydrous carbonate under reduced pressure at tempera- 
tures up to and including 305°C. has not been studied. 
The present paper shows the very considerable ad- 
vantage resulting from such a study toward the im- 
provement of conditions governing the preparation and 
use of anhydrous sodium carbonate as a fixed standard 
in acidimetry. 


PREPARATION OF REAGENTS USED 


Sodium Bicarbonate. This material may be pre- 
pared in pure form using the procedure described by 
Kolthoff and Furman.! 

Standard Solutions of Hydrochloric Acid. Constant- 
boiling acid was prepared following the directions of 
Foulk and Hollingsworth. The apparatus and pro- 
cedure in this preparation exactly duplicated their de- 
scription of the method. 


APPARATUS EMPLOYED 


The vacuum dissociations and dehydrations carried 
out in this study employed a straight glass tube with 
manometer attached, evacuated by use of an efficient 
rotary oil vacuum pump. The required temperature 
was obtained using electrical energy and temperatures 
estimated using an enclosed mercury thermometer. 
Details are omitted for the sake of brevity. 


EXPERIMENTAL PROCEDURE 
The reaction to be studied was the following: 
2NaHCO; _> Na2COs; + HO a COx. (1) 


1 For an extensive bibliography reference should be made to 
KOLTHOFF AND FuRMAN, “Volumetric analysis,’’ John Wiley & 
Sons, Inc., New York City, 1929, vol. 2, pp. 87-93. Additional 
literature references dealing with this dissociation of direct 
interest in this connection are: Soury, Compt. rend., 147, 
1246 (1908); RAKUzIN AND BropskKI, Z. angew. Chem., 40, 836 
(1927); CocKxsepcr, Brit. Patent 202,678 (Apr., 1922); and 
Racousine, Bull. soc. chim., 43, 744 (1928). ‘ 

( 2 _ AND HOoLiincswortH, J. Am. Chem. Soc., 45, 1220 
1923). s 


The conditions affecting this dissociation to be 
studied were: 


(1) The temperature at which the reaction is initiated 

(2) The variation of the speed of the reaction with 
increase in temperature 

(3) The variation in the speed of reaction with decrease 
in pressure 

(4) The determination of the maximum allowable tem- 
perature without further dissociation of the 
sodium carbonate formed 

(5) Factors influencing the practical method of prepar- 
ing anhydrous sodium carbonate for use as a 
standard of reference in acidimetry. 


INITIAL REACTION TEMPERATURE 


Samples of sodium bicarbonate were placed in small 
porcelain boats and inserted in the clean, dry reaction 
tube, and the apparatus was evacuated until the 
manometer showed a “‘zero”’ reading. The heating coil 
was centered over the sample and boat with the ther- 
mometer adjusted and the heat slowly applied. The 
rise in temperature was noted and at the point at which 
the pressure within the system began to increase the 
temperature was read. The determination was re- 
peated a number of times in this manner and the aver- 
age temperature of initial dissociation with rising tem- 
perature was found to be 78°C. The determinations 
were repeated with falling temperature and the point 
at which the change in pressure per unit time interval 
became zero was noted. The average value for these 
determinations was found to be 76°C. The mean of 
both values is therefore 77°C. which is probably more 
accurate than either of the individual average deter- 
minations since the temperature lag is eliminated. 
That the change in pressure involved represented a 
dissociation accompanied by the liberation of carbon 
dioxide was proved by detection of the same in the gas 
liberated within the reaction chamber at that tem- 
perature. 


VARIATION REACTION VELOCITY WITH TEMPERATURE 


The dissociation of sodium bicarbonate, while it 
begins at 77°C., increases rapidly in speed with increase 
in temperature. Starting with equal weights of sample 
and noting the change in pressure per unit of time at 
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various temperatures, comparisons in the speed of dis- 
sociation are found in the comparative increase in the 
dp/dt ratios obtained. At 100°C. dissociation accord- 
ing to reaction (1) above was complete in 50 minutes. 
At 305°C. this dissociation was complete in less than 
two minutes. The rate of change in pressure per 
minute was too great at a temperature of 305°C. to be 
accurately recorded. The time required for the 
preparation of samples of anhydrous sodium car- 
bonate using sodium bicarbonate is not determined by 
the speed of the dissociation of the latter into the 
former but rather by the speed of dehydration of 
NazCO,-H20 present. 


VARIATION IN RATE WITH PRESSURE AT A GIVEN 
TEMPERATURE 


The maximum temperature which may be used for 
the dissociation of bicarbonate to normal carbonate is 
governed by the temperature at which the latter is 
further dissociated to form sodium oxide according to 
reactions (2) and (3) following: 


Na2CO3:H2O —_—> NazCO; a H.0 (2) 
NazCO; — > Na,O + CO; (3) 


In comparison at a given temperature above 77°C. 
reactions (1) to (3) above are progressively less rapid. 
Reaction (1) is complete in a very short period of 
time at atmospheric pressure and at 300° to 305°C. 
Reaction (2) requires two hours for its completion at 
the same temperature. Reaction (3) does not progress 
to a measurable extent during two hours at the same 
temperature. 

To determine these relationships, samples of sodium 
bicarbonate were placed in a weighed porcelain boat and 
dissociated in the reaction tube under various conditions 
of temperature, pressure, and time. The boat plus 
sample were then removed, cooled in a desiccator over 
“anhydrone’ to insure anhydrous conditions, and 
rapidly and accurately weighed. The samples were 
then dissolved in distilled water and after the addition 
of methyl red as indicator were titrated, using standard 
hydrochloric acid made from constant-boiling-strength 
acid following the directions of Foulk and Hollings- 
worth.?. The solutions of sodium carbonate were 
titrated almost to completion, boiled a few minutes 
to eliminate COs, and cooled to complete the titration. 
The indicator titration error under these conditions for 
the strength of standard acid used has been shown to 
be negligible. The standard factor for the hydro- 
chloric acid was then calculated using the weight of 
sodium carbonate employed. Failure to complete 
reactions (1) and (2) results in the calculation of too large 
a factor for the standard acid required. If reaction (3) 
has taken place, a low factor is obtained. Completion 
of reaction (1) is shown by the determination of the 
presence or absence of COs: in the reaction tube. The 
results of a series of determinations are given in the 
accompanying table. 
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TIME-PRESSURE-TEMPERATURE RELATIONSHIPS 
Normality of reference standard hydrochloric acid = 0.2001 
i Ys Time Normality of Acid Remarks 
*. mm. min. Found Deviation CO: evolution 


123 0-11 60 0.2017 +0.0016 46 min. 

123 atm. 0.2020 +0.0019 50 min. 

216 0-26 0.2017 +0.0016 8 min. 

216 0 0.2017 +0.0016 8 min. 

250 atm. 0.2018 +0.0017 5 min. 

270 0 0.2007 +0.0006 6 min. 

270 atm. 0.2009 +0.0008 No spattering 
270 0 0.2006 +0.0005 Spattering 
270 0-22 0.2000 —0.0001 
305 0 0.2002 +0.0001 
305 atm. 0.2005 +0.0004 
305 0 0.2001 
305 0 0.2002 +0.0001 
305 0 0.1999 —0.0002 
305 0 0.1996 —0.0005 


Preheated 5 min. at atm. pressure, then evacuated to total time stated 
305 15 0.2006 +0.0005 No spattering 
305 30 0.2004 +0.0003 No spattering 
305 30 0.2004 +0.0003 
305 60 0.2002 +0.0001 


PRACTICAL FEATURES OF THE PROCEDURE 


As shown in the table, if the dissociation of sodium 
bicarbonate is carried out under atmospheric pressure 
at 270° to 300°C. as recommended for the procedure 
up to the present, the reaction requires two hours’ 
heating. That this time requirement is not necessary 
is also shown by the tabulated data. 

The time-consuming reaction is that of the dehy- 
dration reaction (2), which may be expedited by the 
application of a vacuum. The dissociation of sodium 
bicarbonate at 305°C. is so rapid that the individual 
crystal aggregates are exploded accompanied by some 
loss of sample but leaving each particle with an ab- 
normally large surface which results in subsequent 
rapid dissociation to form the anhydrous salt. The 
complete preparation of the sample for use in analysis 
when dissociated at 305°C. im vacuo requires but 15 
minutes as compared with 120 minutes when carried 
out at atmospheric pressure. 

It is not particularly necessary to avoid spattering 
of the sample during dissociation since only that por- 
tion remaining in the boat is used. If it is desirable to 
avoid spattering this can be done by heating at 305°C. 
for five minutes and then applying a vacuum for an 
additional 55 minutes under which conditions the same 
result is accomplished as by the former procedure. 

Anhydrous sodium carbonate is noticeably hygro- 
scopic and should be stored under strictly anhydrous 
conditions and weighed in closed capsules. 


2 min. 
No spattering 


+ 0.0000 Spattering 


No spattering 
No spattering 


SUMMARY 


1. Directions are given for the preparation of 
anhydrous NazgCO; from NaHCO; for use as a standard 
of reference in acidimetry by the method of dissociation 
under reduced pressure. 

2. The initial temperature of dissociation was found 
to be 77°C. Dissociation is complete in less than two 
minutes at 305°C. 

3. The dehydration of the Naz:CO; prepared in 
vacuo at 305°C. is complete in 15 minutes and no further 
weighable dissociation took place up to two hours’ heat- 
ing with small samples used in acid standardization. 





MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


The University of Wisconsin, Madison, Wisconsin 


PROBLEMS 26-30 


HE following problems illustrate the use of some 
of the tables and equations in volume I of the In- 
ternational Critical Tables. Problems 29 and 30 


involve the use of the tables. Solutions will be given 
in the September issue. 


26. The symbols denoting the fundamental dimen- 


21. 


sions, length, mass, time, and temperature are /, 
m, t, and T, respectively. 


(a) Energy, E, has the dimensions of m/*t-? and 
frequency, v, has the dimension of ¢—'. What 
are the dimensions of Planck’s constant h, 
given by the relation hy = E? 

(b) What is the dimension of the quantity hv/c?, 
where c is the velocity of light? Velocity has 
the dimensions of /é—'. 
Stefan’s law gives S = CT‘*. S is the energy 
emitted per unit area per unit time by a black- 
body radiator at the temperature 7. Cis a 
constant. What are the dimensions of C? 
Show that with proper choice of units C may 
be expressed in terms of erg cm.~® sec.—! 
deg.—4. (I.C.T., I, 16f.) 

The unit cell of a crystal of MgO has been found 

to be a cube 4.20 Angstroms (4.2 X 10-* cm.) on 

an edge. Each cell contains the equivalent of 4 

atoms of Mg and 4 atoms of O. What is the 

density of MgO crystals from this data? (I.C.T., 

I, 344.) 

A platinum resistance thermometer had a resis- 


tance of 2.3675 ohms at 0°C., 3.2881 ohms at 
100°C. and 6.2543 ohms at 444.6°C. 


(a) What is the value of the constant 6 in the 
Callendar equations? 


R,— Re 
(pt) = (A* — ‘100 (1) 


— < oe 4 9 
a (sh 1) @) 


(pt) is the uncorrected temperature or “‘plati- 
num’ temperature. These equations facili- 
tate the determination of temperatures from 
resistances by successive approximations in 
the ‘‘correction” term; 7. e., in the right side 
of equation (2). 

(b) What is the temperature to within 0.1°C. of a 
thermostat in which the thermometer has a 
resistance of 5.4240 ohms? (I.C.T., I, 54.) 

Physical measurements on different preparations 

of a certain organic compound were as follows: 
Boiling point 81-82°C.; 

Density 0.78-0.79 g./cc.; 

Refractive index 1.375-1.380. 
Identify the compound using the property-sub- 
stance tables as directed on page 100 (I.C.T., I). 


Molecular refraction, R, is given by the relation 
n* ny 1 . M 
n>+2 d 


where 7 is the refractive index, WM the molecular 
weight,. and d the density. Calculate the molecu- 
lar refraction of phenyl ether (CsH;OCsH;) from 
the data in the International Critical Tables. 


SOLUTIONS OF PROBLEMS 21-25 
[J. Cue. Epuc., 10, 442 (1933). ] 


(a) ¢ = 273/(22.4 X 329) = 0.03705. 
I/Io = e 6.63 X 0.03705 x 10. 


log 4 = —2.456/2.303 = —1.067 = 2.933. 

0 

antilog 2.933 = 0.0857 = fraction transmitted. 

1 — 0.0857 = 0.9143 = fraction absorbed or 91.48% 
absorbed. 

80% absorption is equivalent to 20% transmission. 
Thus I/Io = 0.2. 


c¢ = (278 X pum)/(22.4 X 329 X 760) = 0.00004875 93. 


Xx Pmm- 

2.303 log 0.2 = —6.63 X 20 X 0.00004875 X pum. 
2.303(—0.699) = —0.006464pmm.- 

Pmm = 249 mm. 
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(c) 71.9% absorption is equivalent to 29.1% transmission. 
c¢ = 82.7/(22.4 X 760) = 0.00486. 
2.303 log 0.291 = —0.00486 X 10 X &. 
k = 2.303 X (—0.5361)/—0.0486 = 25.4. 
x = ap/(i + bp); x + bpx = ap. 
Divide by ax and transpose: 
p/x = bp/a + 1/a. 
Thus if p/x is plotted against p, a straight line will result. 
The intercept on the p-axis is 1/a; so a = 1/intercept. 
The slope is b/a. Thus b = slope X a = slope/intercept. 


The total heat capacity of the thermostat and water is 
105 kg. cal. per degree. The amount of cooling per liter of 
water through the coil will be (¢—20)/105 degrees. Thus, 
dt/dv = —(t—20)/105. (The minus sign indicates that 
the temperature is being lowered.) 





Separating the variables, 

dt/(t—20) = —dv/105. 

Integrate between the limits ¢ = 40 and v = Oto? = 25 and 
v= v. 

2.303 [log(25—20) — log(40—20)] = —(v—0)/105. 

log 1/4 = —0.602 = —v/241.8. 

v = 145.6 liters. 

At the rate of five liters per minute, this would correspond 
to 29.12 minutes of flow. 

24 X 0.092 = 20 X N, where N is the normality of the acid 
solution. 

Thus N = 0.092 X 24/20 = 0.1104. 
mol per liter. 

0.0552 X 126 = 6.955 grams per liter. 


M ='/.N = 0.0552 
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25. dc/c = —kdt. 
Integrating between limits, 


In © = —k(t—t) 
Co 


log & = (—k/2.303) X #. (Since to = 0.) 
Co 


Thus log!/2 = —0.301 = (—k/2.303) X t1/2. 

When the substance is three-fourths decomposed, one-fourth 
remains, and ¢/cyo = 1/4. 

log 1/5 = —0.602 = (—k/2.308) X ts, 

Therefore, #1/,/t3/, = 0.301/0.602 = 1/2. 





CORRESPONDENCE 


HOW DEPENDABLE IS TASTE? 


To the Editor 
DEAR SIR: 

In teaching the three R’s the senses of seeing and 
hearing are all-important. But even the embryo 
chemist finds much use for his additional senses. A 
trained nose is a wonderful asset. Every chemistry 
text states that a water solution of an acid tastes sour, 
while a similar solution of a base is acrid or bitter. 
This statement stands unmodified as only lately has 
anyone seemed to realize that people, apparently 
normal in every way, differ in their ability to recognize 
the tastes of sour, sweet, bitter, and salty substances. 

Again and again it had been noted that good students 
when testing unknowns to decide which was acid or 
base made mistakes. As they were not careless workers 
the reason for their apparent inaccuracy was unex- 
plained. Then the findings of the American Genetic 
Association came to the writer’s attention. 

* Small squares of this paper may be obtained from the 


American Genetic Association, Victor Building, Washington, 
D. C., for 2¢ each. 


It has been discovered that about seven out of ten 
people, on chewing paper which has been treated with 
phenyl thiocarbamide, detect a definite taste. The 
others taste nothing. The Association believes that 
the differences in taste reaction are inherited, being 
transmitted as a Mendelian character. 

Interesting results were obtained when the members 
of three chemistry classes were given small squares 
of the above paper,* told to chew them, and record 
the taste without paying any attention to other stu- 
dents. Several of them made wry faces and reported 
the taste as horribly bitter and displeasing. A few 
reported it just bitter, one reported it sweet, a few 
reported it salty, and two bright boys who had made 
inaccurate reports on their unknowns found the paper 
to be tasteless. Over 80% of the students detected 
a bitter taste. 

Sincerely yours, 
Hattie D. F. Haus 

ROOSEVELT HIGH SCHOOL 

OAKLAND, CALIFORNIA 


CREDIT WHERE DUE 


To the Editor 


DEaR SIR: 

At the request of Dr. Fred Allison of the Alabama 
Polytechnic Institute, I should like to emphasize the 
important réle played by Professor Bishop and Dr. 
Sommer in concentrating element 85 (alabamine). 
Fearing lest my statement* that “...Dr. Allison and 
Dr. Murphy, with the assistance of Professor Edna R. 
Bishop and Miss Anna L. Sommer, worked up one 
hundred pounds of...monazite sand’”’ might be mis- 
interpreted, Dr. Allison has kindly written me as 
follows: 

“Misses Bishop and Sommer did not play the rdéle 
of assistants in this work. They had complete charge 


* J. Cuem. Epuc., 10, 168 (Mar., 1933). 


and direction of the work of concentration. They 
therefore should certainly share equal credit with my- 
self and Mr. Murphy. I am wondering whether it 
would be possible for you in some way to make some 
further statement of correction so that Misses Bishop 
and Sommer will receive the credit due them on the 
work which had to do with this element. I may say 
that neither Professor Bishop nor Dr. Sommer have 
mentioned this matter to me. It is in appreciation of 
the invaluable codperation which these ladies have 
rendered and of my indebtedness to them as colleagues 
that I bring the matter to your attention.” 
Sincerely yours, 
Mary ELVIRA WEEKS 
THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 
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KEEPING UP WITH CHEMISTRY 


Rayon: a bright spot. Anon. Ind. Bull. of Arthur D. 
Little. Inc., 77, 4 (May, 1933). —The expansion in the use of 
rayon has been one of the ‘‘romances”’ of recent industrial history. 
Introduced as a textile just over two decades ago, the newest 
of our great textiles finds itself in a position which ‘‘augurs well 
for the future.” A short shut-down of practically all rayon 
plants in the mid-summer of 1932 was terminated in the early 
autumn by a mild buyer’s panic which swept away all surplus 
rayon, resulting in a capacity operation since that time. 

The value of scientific research to agriculture. H. A. WaL- 
LACE. Science, 77, 475-80 (May 19, 1933).—Through the 
efforts of scientific research, production has increased 50% 
while crop acreage has increased only 25%. Research has 
affected all our major farm crops and classes of live stock; the 
skill and the informed imagination of scientists employed by 
the Department of Agriculture have aided every farmer in the 
land. Research must keep on, more efficiency can be had and 
more is needed. But science must be applied to the develop- 
ment of social machinery that will regulate our economic system 
to the end that what we produce can be equitably divided. The 
farm bill is an effort in the direction of social inventiveness. 

Ba Ge 

Chemical engineering marches on. ANON. Chem. & Met. 
Eng., 40, 230-5 (May, 1933).—During the depression many 
record advances have been made in the chemical industries. 
In the synthetic organic field have been developed ethylene 
glycol, acetone, ethyl ether, ethyl alcohol, methyl alcohol, 
butyl alcohol, phenol from benzene by way of chlorobenzene, 
diphenyl] oxide, diphenyl, camphor, and dichlorodifluoromethane. 

Production technic for plasticizers has been perfected. Since 
1929 productive capacity for synthetic nitrogen has more than 
trebled and last year, for the first time in history, we exported 
more sodium nitrate than we imported from Chile. Urea- 
ammonia has been established as a new product. Coke is 
being used to make phosphorus compounds in a furnace much 
like a pig-iron blast furnace, and so successfully as to compete 
with products from phosphate rock made by wet processes. 
The New Mexico potash development has made America inde- 
pendent for the third essential of the fertilizer industry. 

Louisiana has developed its sulfur fields in competition with 
Texas. Sulfuric acid production has been able to continue in 
the face of present prices. Heavy unseparated acid sludge from 
an oil refinery can now be used as raw material for sulfuric acid 
production by the contact process. 

In the heavy chemical field has been developed: 
bleaching powder; a crystalline sodium metasilicate; the use 
of bromine in place of chlorine for water treatment; removal 
of excess NaCl from electrolytic caustic; purified alumina; 
glass bricks; a machine that will manufacture 450 light bulbs 
per minute; de-airing of clays; improvements in making 
cuprammonium rayon; titanium dioxide as a pigment; new 
=, synthetic rubber. 4 

uilding an integrated industry in times of depression. Ss. 
a Kirkpatrick. Chem. & Met. Eng., 40, 236-40 (May, 
1933).—The Tennessee Eastman Corporation originally operated 
wood distillation plants for the manufacture of acetone and 
methanol for use in making of films. During the depression 
they have not only used these products but used their acetic 
acid for making cellulose acetate, the basis for a diversified 
process industry producing safety film, acetate yarn, plastics, 
lacquers, laminating stock for safety glass, and transparent 
wrapping materials. 5. We EE 

By-product CO, builds a new refrigerant business. S. T. 
Orr. Chem. & Met. Eng., 40, 250-2 (May, ‘1933).—In 1932 
about 122,000,000 Ib. of solid CO; was produced. It has about 
twice the refrigerant effect of water ice. Its compactness, 


a high-test 


cleanliness, dryness, low-temperature range, and ease of pres- 
ervation make it desirable for many uses. The Michigan 
Alkali Co. is finding it profitable to make this product from 
waste carbon dioxide from its —. lime kilns. J. W.H. 
Soapless detergents. ANON. . & Met. Eng., 40, 249 
(May, 1933).—These compounds are sodium alkyl sulfates 
prepared from various soap oils. By hydrogenation under 
high pressure the fatty acid part of the oil is reduced to an 
alcohol. These alcohols are in turn combined with sulfuric 
acid and soda. Hence there remains no fatty acid to form in- 
soluble lime or magnesium soaps, the common cause of scum 
formation with ordinary soap. The gardinols, as these com- 
pounds are called, have exceedingly active emulsifying and 
cleaning action, lathering quite freely in hard waters. They 
are sold under such trade names as “Drift,’’ ‘‘Lorol,’’ and 
“Ocenol.”’ J. W. H. 
Research creates new markets for sulfonated oils. R. 
WEcHSLER. Chem. & Met. Eng., 40, 241-3 (May, 1933).— 
Sulfonated oil products are numbered by the thousand, used 
for a great variety of purposes and in many industries. All 
animal and vegetable oils obtainable in commercial quantities 
have been sulfonated. They are used in textile and tanning 
industries, metal working, laundries, glue, paper, cosmetics, 
paints, varnishes, ink, polishes, sprays, and disinfectants. : 
The principle of their manufacture is to treat oils containing 
unsaturated acids or OH groups with H,SO,, the sulfuric acid 
adding at the double bond. The resulting product is then 
washed and neutralized with caustic alkaliand NH;. J. W.H. 
Chemistry and nutrition. W. Ramsay SIBBALD. Chem. & 
Ind., 52, 173-8 (Mar. 3, 1933).—Since physiologists are not 
agreed upon the requirements for the diet of the normal human 
being the time is not yet ripe for the chemist to try to devise 
an ideal diet either in tabloid or in any other form. The process 
of digestion must reduce food material to the crystalloid condi- 
tion so that it may pass through membranes. The processes 
by which carbohydrates, fats, sterols, proteins, 


and mineral 


matters are digested are briefly discussed. cokes 
Some effects of the addition of tellurium to lead. W. SINGLE- 


TON AND B. Jones. Chem. & Ind., 52, 211-3 (Mar. 10, 1933).— 
A small amount of tellurium added to lead or to lead alloys 
greatly improves the physical properties and increases the re- 
sistance to corrosion. Several photomicrographs illustrating 
the effect on the structure of the lead are included. Tellurium 
was usually added to the extent of 0.06% or less. No diffi- 
culties, due to the presence of the tellurium, are associated with 
the manufacture of articles from this alloy. E. R. W. 
Nine kinds of water. ANon. Ind. Bull. of Arthur D. Little, 
Inc., 77, 1 (May, 1933).—Until a few years ago no reason could 
be assigned for questioning the status of water; but now we 
know that there are two kinds of hydrogen, exactly alike in a 
chemical way, but the second, or newly found isotopic form, is 
twice as heavy as the older, well-known form. Chemical com- 
pounds containing it are of course heavier by the difference of 
the hydrogen atoms present. Water based on this new hy- 
drogen should be heavier than normal. To make the matter 
more complex, oxygen has been found to exist as three isotopes. 
Ordinary oxygen is predominantly 16-unit oxygen, but con- 
tains some 17-unit and some 18-unit atoms. Thus water made 
from the heaviest hydrogen and the heaviest oxygen should be 
materially heavier than that made from the lightest atoms. 
Prof. G. N. Lewis, of the University of California, has recently 
succeeded in concentrating the heavy form with a specific 
gravity of 1.035. Further, the freezing and boiling points of 
such water are above those of common water. While this new 
water differs physically from the old, it is not expected that its 
behavior in any chemical reaction will be detectably different. 
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Water is still water, but we must specify which individual or 
mixture of nine possible waters is meant when defining the basis 
of our standard of density or temperature. Again science 
reveals to us the complexity of simple things. G. 

The dispersed phase. Anon. Ind. Bull. of Arthur Dz 
Little, Inc.,77, 3 (May, 1933).—It is a matter of great importance 
whether an emulsion is one of oil-in-water or one of water-in-oil, 
for watery liquids may be mixed freely with the former kind 
and oily liquids with the latter, but usually not the reverse. 
To insure the oil-in-water type the emulsifying agent should 
be soluble in water. Common soap or turkey red oil are good 
water-soluble agents. The other kind of emulsion (usually 
not made intentionally) occurs when a metallic soap, such as 
zinc stearate or calcium stearate, is dissolved in the oily ingre- 
dient first and then the watery ingredient worked in. Various 
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mechanical aids are now available for dispersion of liquids, such 
as high-speed mixers and colloid mills, and a wealth of emulsi- 
fying aids have been added to those already known. An emul- 
sion is a stable suspension of one liquid in another. If one of 
the liquids solidifies when the emulsion cools, we still call it 
an emulsion. Thus, milk and cream are emulsions, whether 
warm or cool. Cod-liver oil and mineral-oil emulsions are 
common liquid-liquid emulsions. Sometimes troublesome emul- 
sions of oil-in-water or water-in-oil plague the petroleum oil 
producer. Indeed, there are companies which deal almost 
solely with the “breaking” of refractory petroleum emulsions 
so that the oil may be obtained for refining. By means of 
emulsions, oils and waxes may be made to go farther and be 
much cleaner and easier to handle. G:. -@); 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


The “mercury heart” experiment. R.H. Apams. Sch. Sct. 
Review, 14, 205-6 (Dec., 1932).—Introduce into a watch glass 
enough mercury to form a “blob” of about */,” in diameter and 
cover with dilute sulfuric acid solution. Almost any dilution will 
produce the phenomenon, but a little of the concentrated acid, 
diluted with about six times its own volume of water and colored 
light red by the addition of a little potassium permanganate solu- 
tion, gives excellent results. The permanganate solution is not 
essential, but intensifies the effect. 


Dotted lines show alternate 
positions of Mercury. 


Mercury Solution 


An ordinary sewing-needle, fixed in a wooden handle, is 
clamped approximately in a position shown in the figure, and 
carefully maneuvered until the point just touches the edge of the 


mercury. At this position the mercury will rapidly gather up 
and so come away from the needle, only to return again and repeat 
the performance, keeping up regular and rapid vibrations. 

O. R. 


The Birkeland-Eyde process. R.D. Rem. Sch. Sci. Review, 


14, 200 (Dec., 1932).—The appa- 
ratus illustrated by the diagram has 
been found useful in the illustra- 
tion of the Birkeland-Eyde process. 
The platinum points should be 
1/,” apart. A few strokes on a 
bicycle pump are sufficient to effect 
the compression necessary by reason 
of the fact that the oxygen content 
of the air is insufficient to produce 
a visible concentration of nitrogen 
peroxide. With this apparatus, 
however, quite a deep brown color 
is produced in a minute or less, 
using a discarded ‘‘Ford”’ induction 
coil with 4 volts on the primary. 
When the pressure is suddenly re- 
leased by the withdrawal of the 
valve (a bicycle valve is employed), 
a cloud of water vapor forms, and 
in this the peroxide at once dis- 
solves. Otherwise, the gas may 
be slowly let out under potassium 
iodide and litmus solutions. The 
apparatus is being made by Messrs. 
Becker. O. R. 
Blast-furnace demonstration ex- 
periment. W. HELDMANN. Z. physik. chem. Unterricht, 46, 
71-2 (Mar.-Apr., 1933).—The following articles and supplies are 
necessary: (1) A flower pot, a, about 10 cm. high, upper diam- 
eter 10 cm., and another one 5 which is somewhat larger. (2) 








A tripod c. (8) Compressed air. (4) A convex clay plate-e. 
(5) A piece of glass tubing f bent at a right angle and fitted into 
the opening of the flower pot a. (6) Coke. The pieces should 
be = the size of a hazelnut. (7) Powdered red iron ore or iron 
oxide. 

The flower pot a is supported on the tripod and fitted with the 
glass tube f which is connected to the blast. The clay plate e 
is placed over the opening of the 
glass tube. A layer of coke, about 
2 cm. high, is added and the coke 
is heated strongly from above by 
means of a powerful Bunsen burner 
while air is passed through from 
below. When the coke begins to 
glow, a second layer of coke is 
added. After this layer has begun 
to glow a third layer is added and 
so on. The burner is removed as 
soon as the pot is about half full. 
Then the coke continues to burn by 
itself. Finally the pot is filled 
completely to the top with coke 
which has been mixed with 10 to 15 
g. of iron oxide and the large flower 
pot d is placed on top of a. 

The wall of b begins to glow 
gradually while the burning gases 

escape at the top. 
| | The experiment is best conducted 
in a two-hour period. The blast is 
turned off at the end of the first 
hour. An hour later the oven has cooled down sufficiently so 
that it can be emptied and the material examined for iron. 

The pieces of metal obtained in this way are usually of the size 
of a bean. The presence of metallic iron is quickly proved by 
means of a magnet. L. S. 

A simple quinhydrone electrode. K.SaNnpERA. Chem.-Zig., 
57, 303 (Apr. 19, 1933).—The apparatus consists of an ordinary 
crystallizing dish having a diameter of 5 cm., a porcelain crucible 
with porous glass or porcelain bottom, and two platinum elec- 
trodes. The standard solution (standard acetate or Veibel’s 
solution 0.01 N HCl and 0.09 N KCl) is placed in the crucible. 
The solution to be tested is poured into the crystallizing dish. 
The apparatus can be cleaned easily. Any potentiometer may 
be employed. L. S. 

A simple method of preparing pure, dry hydrogen bromide. 
G. JUNG AND W. ZIEGLER. Z. angew. Chem., 46, 279 (May 20, 
1933).—Dry, pure hydrogen bromide was prepared by passing 
hydrogen and bromine through an electrically heated reaction 
tube (150 cm. long) which had been filled with activated charcoal. 
At 80°C. the compound is obtained at the rate of 2 g. in 4 min- 
utes. LS: 

Cheap agitator for chemists. Anon. Pop. Sci. Mo., 123, 
65 (July, 1933).—An electric bell from which the gong has been 
removed and a metal paddle soldered to the clapper arm serves 
as an agitator. 1 3 teas ites = 

Giant explosions reproduced in miniature by home chemists. 
R. B. Wartes. Pop. Sci. Mo., 123, 48-9 (1933).—Experiments 
are outlined illustrating the conditions under which explosions 
are apt to occur. Examples are given using a hydrocarbon, as 
gasoline, and a dust, such as starch. ‘Reciprocal combustion” 
is also illustrated. ys as ie 
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SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Alcohol through the ages. E. F. Armstronc. Chem. & 
Ind., 52, 251-7 (Mar. 24, 1933); 279-85 (Mar. 31, 1933).— 
A jubilee memorial lecture. The word alcohol is derived from 
the Arabic “‘Al Koh’! which was the name given to a fine powder 
used to stain the eyebrows. In early chemistry the word was 
applied to any fine powder produced by trituration or sublima- 
tion; for example, the alcohol of sulfur referred to flowers of 
sulfur. Later the term was used for liquids prepared by dis- 
tillation. Ethyl alcohol was probably first made in the 9th or 
10th century in Italy. There is some evidence that it was 
used by Arabian doctors in the 10th century. At present it is 
made chiefly by fermentation of molasses, potatoes, sugar beets, 
or corn. It is possible to make it from ethylene and water. 
Under normal pressure alcohol and water form a constant-boiling 
mixture containing about 96% alcohol. If a third liquid such 
as benzene is added to the water-alcohol mixture which will 
reduce the partial pressure of alcohol to a far greater extent 
than it does that of water, it is possible to avoid the constant- 
boiling mixture and to produce absolute alcohol. This is the 
basis of the chief industrial process for the production of absolute 
alcohol. E. R. W. 

Corrosion of metals in salt solutions and sea water. G. D. 
BencoucH. Chem. & Ind., 52, 195-210 (Mar. 10, 1938); 
228-39 (Mar. 17, 1933).—A jubilee memorial lecture. The 
first part of this paper is concerned with the factors which 
influence corrosion rates in salt solutions, and with an apparatus 
designed to study these rates. The results of many studies on 
steel and on zinc are given and the different types of corrosion 
are illustrated with photomicrographs. E. RK. W. 

The Beckman rearrangement. A.H.Buiatt. Chem. Reviews, 
12, 215-60 (Apr., 1933).—In its most general form the Beckman 
rearrangement consists in the transformation of a ketoxime 
into an acid amide. The mechanisms advanced in explanation 
are divided into four general classes. In conclusion it is stated 
that the general facts known are (1) oxime salts rearrange, 
(2) acyl derivatives of the salts rearrange, (3) the slowest re- 
action involved is a reaction of the first order, (4) rearrangement 
takes place between groups spatially distant in the oxime. 

J: W. EE 

The stereochemistry of diphenyls and analogous compounds. 
R. ApAMS AND H. C. Yuan. Chem. Reviews, 12, 261-338 (Apr., 
1933).—Recent advances in stereochemistry have demonstrated 
the occurrence of numerous molecules not containing an asym- 


metric carbon atom but nevertheless resolvable into optically 
active antipodes. The type most extensively investigated 
and from which fruitful and significant results have been ob- 
tained is that of certain diphenyl derivatives. In addition to 
the theoretical discussion the compounds which have been 
investigated are listed together as a conclusion. J. W. H. 
The structure of dicarboxy compounds from dissociation and 
reaction velocity data. J. GREENSPAN. Chem. Reviews, 12, 
339-61 (Apr., 1933).—A method for the determination of the 
structure of dicarboxy compounds from their dissociation con- 
stants has been available for some time. Recently data precise 
enough for a quantitative evaluation of the molecular dimen- 
sions of such compounds have been secured. This paper reviews 
the development of the method and summarizes its results. 
J. Wee 
The determination of the structure of rotenone. F. B. 
LAFORGE, H. L. HALLER, AND L. E. SmitH. Chem. Reviews, 
12, 181-213 (Apr., 1933).—Three-quarters of a century ago 
travelers in the East Indies reported the use of certain plants 
as an aid in catching fish. These plants owe their toxic prop- 
erties to one or more chemically closely related substances of 
which the most important is rotenone. It also has insecticidal 
value. These plants belong to the family Fabacee, and the 
genera Derris, Milletia, Tephrosia, and Lonchocarpus. This 
review presents the evidence for the structure assigned to ro- 
tenone. Je We Ek 
A decade of applied X-ray research. G. L. CLarK. Chem. 
& Ind., 52, 317-25 (Apr. 14, 1938); 52, 336-46 (Apr. 21, 1933).— 
The Grassellt medal address. Réntgen, Laue, Bragg and Bragg, 
Hull, Debye and Scherrer, among others, have been influential 
in the development of applied X-rays. The two principal types 
of application of X-rays depend upon varying degrees of ab- 
sorption of the rays by different materials, and the diffraction 
of the rays by materials acting as gratings. Radiography de- 
pends upon the first of these types and by means of it interior 
defects in solid material are readily disclosed and studied. X- 
ray diffraction methods lead us to a knowledge of the ultimate 
structure of material. X-ray study of alloys has indicated that 
the metallurgist should take into account valence electrons, co- 
ordination, atomic radii, and other theoretical concepts in the 
study and preparation of alloys. Many specific examples of in- 
dustrially important applications are discussed. Many photo- 
graphic reproductions are included. E. R. W. 


HISTORICAL AND BIOGRAPHICAL 


Constitution of protein. “A classic of science.’’ Sci. News 
Letter, 23, 187-9 (Mar. 25, 1933).—This ‘‘classic’’ is a literal 
translation of extracts from a publication by Emil Fischer on 
“Untersuchungen tiber Aminosaueren, Polypeptide und Proteine, 
1899-1906” published by Julius Springer, Berlin, 1906. 

Since protein materials are concerned in all chemical processes 
in living organisms, we should expect that an understanding of 
them would be of greatest importance to biological chemistry. 
The cautious chemists have avoided this material on account 
of its complicated structures and inconvenient physical proper- 
ties. The author is quite convinced that an attempt should 
be made with the aid of all modern methods to at least find 
the limit of such methods when applied to such structures. 
Physiological chemists have made considerable strides in isolat- 
ing and characterizing many natural proteins. The knowledge 
of the chemical composition of these proteins, however, is quite 
limited. Some progress has been made in the study of the 
linkages within the protein molecule though much is yet to be 
done in that aspect of protein chemistry. ‘In the formation 
of protein and its various complex derivatives,’ says the author, 
“nature has, so far as we know, her highest chemical perform- 
ance.’ The slow step-by-step methods which modern protein 
synthesists find necessary to use have the advantage of giving 
the synthesizer a thorough understanding of his protein when 
once he has attained its synthesis. Such synthetic work may 
clarify many of the now little understood transformation prod- 
ucts from proteins. Ee CSE 

Molybdenum and tungsten. “A classic of science.” Sci. 
News Letter, 23, 218-20 (Apr. 8, 1933).—This “classic’’ consists 


of exact reprints of extracts from a publication, ‘“‘The Collected 
Papers of Carl Wilhelm Scheele,’ translated from the Swedish 
and German originals by Leonard Dobbin, published by G. 
Bell & Sons, Ltd., 1931. 

Scheele secured his molybdenum from a lead ore called molyb- 
dena. He found this ore was acted upon by but two of the 
then known acids, arsenic and nitric. The latter was by far 
the most active of the two. From a series of experiments with 
“earth of molybdena”’ involving, among others, its action with 
litmus, metals, alkalies, and some salts he concludes his 
report by saying, ‘‘We see here a variety of earth which was 
probably unknown up to the present and which we may call.. 
acid of molybdena since it has tHe properties of an acid.” 

Three years following his communication upon molybdenum 
he presented a study of ‘‘The constituents of tungsten.” In 
the course of experiments with this mineral he concludes that it 
too is of an acid nature somewhat like molybdena though he 
gives five particulars in which the two are definitely different. 

B. Co. 


Robert Wilhelm von Bunsen, teacher, scientist, and inventor. 
Anon. Laboratory, 6, 19-21 (1933).—‘‘Bunsen was a teacher, 
scientist, inventor, a successful man who was never too busy to 
be human, nor too superior to take a kindly interest in his 
fellow men. His works lay almost entirely in the field of in- 
organic, analytical, and physical chemistry. Bunsen, the 
scientist, did big things, many of which came about because 
Bunsen, the instrument maker, first provided the means where- 
by to do them.” |; Bis yep: 8 


GENERAL 


News 


‘ 
The activities of Mellon Institute during 1932-33. 
Ed., Ind. Eng. Chem., 11, 124 (Apr. 20, 1933).—This article is 
an abstract of the Twentieth Annual Report of the director, 


E. R. Weidlein, to the trustees of the institution. It deals 
especially with industrial research in the present economic 
crisis. M. W. G. 





RECENT BOOKS 


LABORATORY STUDIES IN GENERAL CHEMISTRY. William F. 
Ehret, Ph.D., Associate Professor of Chemistry, Washington 
Square College, New York University. The Century Company, 
New York City, 1933. viii + 312 pp. 21 Figs. 17 X 23 cm. 
$1.50. 


The manual is bound in Bristol board. The pages are per- 
forated so that they may be removed to be turned in for approval 
after the experiments have been written up in the blank spaces 
provided for the purpose. Not much writing is required of the 
student. The pages have two large holes punched in them so 
that the student may fasten the returned pages in a loose-leaf 
notebook cover. The manual is not designed to follow any 
particular text. It may be used withany text. Enough informa- 
tion is included so that reference to a text in the laboratory should 
be seldom necessary. 

The book is designed for a one-year course in elementary gen- 
eral chemistry with six hours a week devoted to laboratory work. 
Fifty-three experiments are offered; many of them are of quan- 
titative or semiquantitative nature. About fifteen might be 
classified as inorganic preparations, about three deal with carbon 
or its compounds, one with colloids, two or three deal with qualita- 
tive analysis, several represent industrial processes or are experi- 
ments of everyday importance. Most of the rest of the experi- 
ments have been designed to serve as examples of fundamental 
generalizations. The experiments chosen offer training in a 
greater number of kinds of laboratory technic than is generally 
found in a manual of this type. 

The author sought to avoid the monotony of repeated test-tube 
experiments, and has included several opportunities for the work- 
ing of ‘‘unknowns.’’ The majority of the experiments probably 


can be completed in a satisfactory manner by beginning students. 
The reviewer wonders if the students, and if chemists, will 
agree with the statement on p. 114, that pH is a simple way of 
expressing hydrogen-ion concentration that chemists have agreed 


upon. The experiments on molecular properties of solutions 
may be difficult for the beginner to understand even though he 
may follow directions and obtain correct results. The student 
who tries some other salt than NH,Cl in the equilibrium experi- 
ment involving FeCl; and NH,CNS, p. 109, may be puzzled by 
the results. 

Some teachers of general chemistry will feel that more experi- 
ments in organic chemistry should be included. Some will miss 
the orthodox outlines for the qualitative analysis of the groups 
of cations. Many will welcome the experiments on inorganic 
synthesis which are included. 

The reviewer believes that the manual will be found useful by 
some teachers of general chemistry and that those students who 
successfully perform the experiments outlined in it will be well 
prepared for the advanced courses in chemistry. 

E. ROGER WASHBURN 


UNIVERSITY OF NEBRASKA 
LINCOLN, NEBRASKA 


LABORATORY TECHNIQUE OF ORGANIC CHeEmisTRY. J. C. Col- 
bert, Assistant Professor of Chemistry, University of Oklahoma. 
The Century Company, New York City, 1933. Three Parts in 
one volume, 341 pp., 28 Figs. 21 * 27cm. $2.50. 


The author has developed a laboratory manual for organic 
chemistry with perforated sheets in duplicate for student reports. 
This plan explains the number of pages: 221 pages are devoted 
to introduction, preface and text, with 120 for student records. 
The quality of the paper is fair, requiring careful attention during 
laboratory practice if the book is to come through whole. 

Part I deals with general methods and processes (technic 
experiments) such as melting points, boiling points, qualitative 
and quantitative analysis, distillation, crystallization, and dis- 
sociation. The experiments are well chosen with satisfactory 


emphasis on the desirability of students noting processes which 
are to appear many times in the course. 

Part II contains the instructions for ‘‘Preparation and Proper- 
ties of Typical Aliphatic Organic Compounds.” The prepara- 
tions are of the usual variety to illustrate typical classes of 
compounds. The wording is definite and the illustrations are 
sufficient. 

Part III, ‘‘Preparation and Properties of Typical Aromatic and 
Heterocyclic Organic Compounds,”’ includes an experiment on 
the distillation of coal and another on the proximate analysis 
of coal. Logically, some question might be raised as to the 
necessity of the proximate analysis experiment. Otherwise, 
the preparation and discussions follow the usual list. 

Special sections are given at the end of the book on ‘‘The 
Calculation of Theoretical and Percentage Yields for Laboratory 
Preparations,” “Materials and Reagents Required in Each 
Experiment,” and ‘‘Notes on the Preparation of Certain Reagents 
Used in Organic Chemistry,’’ which will prove of distinct ad- 
vantage for teachers and laboratory assistants. Instructions are 
offered for proper use of the manual for a one-semester course 
and for a two-semester course. 

The book is recommended as a satisfactory laboratory manual. 
Approval will be general, the reviewer believes. Differences in 
opinion may arise as to the effectiveness of student record sheets 
with each experiment. 

FRIEND E. CLARK 


WEST VIRGINIA UNIVERSITY 
MORGANTOWN, W. VA. 


INTRODUCTORY CHEMISTRY WITH HOUSEHOLD APPLICATIONS. 
Nellie M. Naylor, Ph.D., Associate Professor, Chemistry 
Department Iowa State College, Ames, Iowa, and Amy Le 
Vesconte, Ph.D., Professor of Chemistry, Baylor College, 
Belton, Texas. The Century Co., New York City, 1933. 
x + 367 pp., 41 Figs., 8 Illus. 138.5 X 20cm. $2.60. 


This book is one of the Century Chemistry Series. It was 
written at the suggestion of the editor of this series, Professor 
James Kendall. The authors present the subject matter in such 
a manner as, in their judgment, will appeal to the interest and 
imagination of the home economics student. Not unmindful 
of the difficulties involved in planning a middle course between 
making a subject too practical and making it too theoretical, 
and realizing that home economics curricula include advanced 
courses in chemistry and foundation work in bacteriology, 
zodlogy, and other sciences, they have chosen, so they state, 
the subject matter of this text so as to provide a knowledge of 
the principles of chemistry for later courses. Numerous illus- 
trations, with descriptive matter, have been introduced in the 
text. Wherever it has been possible to do so, illustrations from 
home life were selected. 

By way of following through the development of a principle 
of chemistry and correlating it with problems of current interest, 
the student is introduced to practical home economics by dis- 
cussions on the colloidal state, leavening agents, water and its uses, 
chemistry in the laundry and the silicate industries. All of 
which, by way of preparation, is preceded by chapters, in the 
order named, on the language of chemistry; the chemistry of 
water; oxygen; hydrogen; characteristics of gases, liquids 
and solids; molecular structure; the atmosphere; atomic 
structure and valence; acids, salts, and bases; the theory of 
ionization; carbon, oxides of carbon, acids of carbon; oxidation 
and reduction; nitrogen; sulfur; the periodic table and structure 
of the atom; the chlorine family; the phosphorus family; the 
metals; the alloys of metals; preparation of compounds of the 
metals; analytical chemistry; the work of Madame Curie; 
carbon compounds; and the chemistry of artificial heat and light. 
At the end of each chapter, there have been included, for the 
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purpose of study and review, a series of selected questions and 
problems. 

The authors express the hope that this book may appeal to 
the home economics student not because its subject matter is 
unusual, but because they have made an attempt throughout the 
text to present suggestions that may help the student sense the 
relationship which exists between chemistry and home economics. 
In this respect, the book seems to serve its purpose. It has been 
written with a special appeal to a definite group of students. 
Because of the ambitious attempt of the authors to cover so 
many fields, it cannot be claimed for the book that it is suitable 
for the student who plans to make an intensive study of chem- 
istry. For him, it becomes an introduction to this science; a 
taste, as it were, which may or may not prompt a continuation 
of it. On the other hand, the inquiring mind of the freshman 
home economics student as to what chemistry is all about will 
probably be satisfied by a study of this text. 

H. A. SCHUETTE 


THE UNIVERSITY OF WISCONSIN 
MADISON, WISCONSIN 


EIN GANG DURCH BIOCHEMISCHE FORSCHUNGSARBEITEN. Arthur 
Stoll, Basel. Verlag von Julius Springer, Berlin, Germany, 
1933. 41 pp. 14 X 21.5 cm. RM 3. 


An entertaining essay of historical interest reporting on im- 
portant biochemical activities carried out during the scientific 
career of Dr. Stoll. The book is dedicated to his old teacher, 
Professor Richard Willstatter, and the subject matter is prac- 
tically restricted to a lecture presentation of biochemical ad- 
vances in the fielcd of chlorophyll, the heart alkaloids of the 
digitalis type, and alkaloids of ergot. The work is of no value 
as a book of reference, no literature references are recorded, and 
it is simply a short essay which would be entertaining to a layman 
who understands the German language. 


TREAT B. JOHNSON 
YALE UNIVERSITY 
New Haven, Conn. 


PHYSIOLOGICAL EFFECTS OF RADIANT ENERGY. Henry Laurens, 
Ph.D., Professor of Physiology in the Tulane University School 
of Medicine. The Chemical Catalog Co., Inc., New York 
City, 1933. viii + 610 pp. 80 Tables; 104 Figs. 15 X 
23cm. $6. 


The purpose of this monograph, as the author states in the 
preface, is to provide a source book of information on the subject. 
The newer interest in the physiological effects and therapeutic 
value of radiant energy has attained a stage where such a contri- 
bution to the literature is very valuable. The author has en- 
compassed a surprisingly wide range of pertinent data in his re- 
view. In the early part of the book the physics of radiant 
energy is discussed and a considerable amount of critical 
attention given to the various available methods for measuring 
it. Emphasis is laid throughout the book on the importance of 
light of other wave-lengths than those in the ultra-violet known 
to be effective in treating rickets. This is especially apparent 
in the chapter on radiotherapy of wounds and diseases of the skin. 
There is an excellent discussion on the penetration into the skin 
of radiations of various wave-lengths, the significance of the ery- 
themia and pigmentation resulting therefrom and the accompany- 
ing histological changes. The many alleged influences of radiant 
energy on blood and circulatory system are carefully evaluated 
in the light of recent studies, a number of which are contributions 
by the author himself. There are five chapters on radiation and 
metabolism; it appears to the reviewer that undue attention is 
given to mineral metabolism in rickets and the influence of 
vitamins and parathormone. Photodynamic action and the 
influence of radiant energy on tuberculosis are well presented 
and there is a chapter on microérganisms and enzymes as affected 
by radiant energy. 

This monograph should prove useful as a sburce book; in- 
dividual contributions are summarized (in a few instances at 
great length and in considerable detail) as to fact but to one not 
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working in this very specialized field, there is, in general, a sense 
of lack of discussion of tendencies in investigations and conclu- 
sions to be drawn from them. This situation is perhaps accen- 
tuated by the recognized difficulty in classifying a large mass of 
material of such wide scope. Despite the above limitations, 
the reader cannot fail to be impressed by the diversity and sig- 
nificance of relationships between radiant energy and the func- 
tion and structure of living organisms as shown in this volume. 
This is a field of interest which well merits attention from the 
standpoint of chemical education. 


ARTHUR H. SMITH 


YALE UNIVERSITY 
New Haven, Conn. 


INDUSTRIAL CHEMISTRY. Wolliam Thornton Read, Dean of the 
School of Chemistry, Rutgers University. John Wiley and 
Sons, Inc., New York City, 1933. vii + 576 pp. 130 Figs. 
15 X 23cm. $5.00, plus postage. 


For ‘‘students ... who would like to know more about the 
applications of chemistry to industry .. . teachers of chemistry 
in high school and college not sufficiently familiar with chemical 
industries to give accurate information about essentials... 
business men interested in a general survey,’’ this book was 
written. 

Breaking away from precedent Dr. Read has skilfully avoided 
making this work a mere encyclopcedia of the industries from 
alkalies to zinc, first, by devoting ten chapters of the twenty- 
seven to basic principles, testing methods, and unit manufacturing 
processes and, second, by grouping and describing the most im- 
portant types of related industries, leaving the introduction of 
minor processes and minutie in general to the discretion of the 
instructor. For example, under the head of ‘‘Carbohydrate In- 
dustries’’ we find discussed the sugars, starch, cellulose and the 
cellulose textiles, pulp and paper, the cellulose esters, and wood- 
distillation products, 

A most happy innovation in the make-up of the book is the 
nearly complete substitution of line-drawings of apparatus and 
flow-sheets for the conventional boiler-plate cuts of many of the 
older books. These in the main were made especially for this 
work and are adequately described with explanatory legends. 

Doubtless the methods of teaching industrial chemistry in 
our colleges are less standardized than those in any of the other 
branches due in a measure to the varied interests, experiences, 
and sources of information of the instructors. Most of us, 
doubtless, believe that it should cover largely the modern history 
and the economic relationships of the chemical industries with 
emphasis on current events; and so the constant use of the 
technical journals such as Industrial and Engineering Chemistry 
and Chemical and Metallurgical Engineering (particularly the 
annual survey number) is imperative. But all of us need a good 
sound book of fundamentals to place in the student’s hands, if 
only to serve as a point of reference, and the reviewer feels that 
Dr. Read has produced one that will gain wide acceptance. 
Particularly will the teacher of general chemistry, whether in 
high school or college, find in it a source of authentic informa- 
tion on the chemical industries to supplement the more abstract 
theory. 

Not the least of its virtues is a selling price in line with the 
demands of the times. 


H. L. OLIN 


Tue STATE UNIVERSITY OF IOWA 
Iowa Ciry, Iowa 


ANNUAL SURVEY OF AMERICAN CHEMISTRY, VOL. VII, 1932. 
Edited by Clarence J. West. Published for the National Re- 
search Council by The Chemical Catalog Co., Inc., New York 
City, 1933. 346 pp. 138 X 21cm. $4.00. 


It has always been the policy of the Survey to review certain 
topics in rotation, in cycles of two or three years. In the present 
volume that policy is somewhat extended, the number of chapters 
having been reduced from 37 (1931 volume) to 27. 
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It is not altogether clear that sufficient space can be saved 
in this way so that subjects reviewed may be treated at somewhat 
greater length—as is suggested in the Foreword. Indeed, calcu- 
lation of the chapter-page ratios for the preceding and present 
volumes would seem to indicate a slight trend in the opposite 
direction. Enforced economy is, however, the order of the times 
and it ill behooves anyone to advance criticism on that score. 

The general plan of the Survey is now too well known to re- 
quire exposition. It suffices to say that the mean quality of 
the reviews offered has certainly not fallen below former stand- 


ards. 
OtTTo REINMUTH 


AN INTRODUCTION TO THE PRACTICE OF ORGANIC CHEMISTRY IN 
THE LABORATORY. Homer Adkins, Professor of Chemistry, 
and S. M. McElvain, Associate Professor of Chemistry, 
both of The University of Wisconsin. Second edition. Mc- 
Graw-Hill Book Co., Inc., New York City, 1938. x + 224 pp. 
8 Figs. 14 X 20.5cm. $2.25. 


For its size, the volume contains in a very compact form an 
unusual amount of information. 

The experimental work and accompanying directions are so 
arranged that the text can be used equally well for a short, one- 
semester course or for a longer year period. 

Pages 6 to 82 are taken up with a list of forty-eight representa- 
tive preparations with many test-tube experiments, suitable 
in whole or in part for the shorter course. The directions are 
adequate and are supplemented with well-chosen questions on 
each preparation. 

The chapters (pp. 94 to 125) on the purification of organic 
compounds and additional information on routine laboratory 
operations are of special value for all classes of students. 

The last hundred pages are devoted to a systematic study and 
discussion of various types of reactions, under the headings 
“oxidation, reduction, halogenation, alkylation, diazo-reactions, 
Friedel-Craft, intramolecular rearrangements,” etc. This part 
includes some sixty additional experiments, many taken from 
“Organic Syntheses” and recent literature. 

It is evident that, with the hundred and more experiments 
described, any instructor can vary the illustrative laboratory 
material to suit local conditions and his personal preferences. 

A short chapter on the literature of organic chemistry, together 
with the many references in the text, aids the student in con- 
sulting and becoming familiar with the original sources. 

The book meets in a concise and adequate way the needs of a 
beginning course in organic chemistry, and can be highly recom- 
mended for that purpose. 

The authors have done all that is humanly possible to give 
life to the last sentence in the introduction: ‘‘Heed the ad- 
monition of Socrates to his students, In the name of the gods, I 


beg of you to think.” 
F. B. DAINS 
THE UNIVERSITY OF KANSAS 
LAWRENCE, KANSAS 


C. L. Mantell, Ph.D., Consulting 
The Williams and Wilkins Co., 
11 Figs. 3 Tables. 12.5 X 


SPARKS FROM THE ELECTRODE. 
Engineer, Pratt Institute. 
Baltimore, 1933. X -+ 127 pp. 
18.5cm. $1.00. 


This book, one of the Century of Progress Series, depicts the 
rdéle and progress of applied electrochemistry in the last hundred 
years. It is divided into twelve chapters titled: 

The Wealth of Niagara. 

The March of Progress. 
What Price Purity. 

Mining Metals with Water. 
New Surfaces for Old. 
Twentieth Century Metals. 
Nature Loses. 

The Electrochemical Kitchen. 
Chemical Electricity. 

Rolling Back the Centuries. 


11. Protectors of Health and Beauty. 
12. Electrochemistry and the Nation. 

As the author states in the preface... ‘‘this volume touches 
but briefly the high spots....” Starting with the economic 
aspects of water power in relation to electrical energy, the author 
weaves through a panorama of discovery, invention, and progress 
in the various branches of electrochemical achievement. Hardly 
any topic is left unmentioned and on the whole the volume is 
remarkably complete. One naturally regrets the omission or bare 
mention of such seemingly important subjects as photoelectricity, 
vacuum tubes, electrical “‘fixing’’ of nitrogen, and Cottrell pre- 
cipitation in favor of other topics which are discussed in detail. 
The last chapter is devoted to the importance of electrochemistry 
in the, United States. 

Those who have read De la Rive’s clear explanation of local 
action (written in 1830) may wonder why the author attributes 
the electrochemical theory of corrosion to ‘‘the director of the 
House of Magic’’ as is stated on page 24. 

The chapter on “‘What Price Purity” is truly a miniature 
classic. The illustrations are up-to-date and interesting, while 
the tables are excellent from the statistical point of view and 
contain a wealth of information. The very intimate treatment 
of the subject matter is excellent and many chuckles are in 
store for the reader, as is instanced on page 95, where the author 
describes the discovery of calcium carbide. 

To the electrochemist or advanced student, familiar with the 
subject matter, the book is bound to prove refreshing; to the 
layman it will be instructive; and to everyone it should prove 
interesting and one should feel richer after having read it. Every 
serious student of chemistry and teacher of science should 
possess a copy for his personal library. It is’ easily worth the 
dollar. 

FREDERICK A, ROHRMAN 


MICHIGAN COLLEGE OF MINING AND TECHNOLOGY 
HovuGHTON, MICHIGAN 


MISCELLANEOUS PUBLICATIONS 


SrR PRAFULLA CHANDRA RAy SEVENTIETH BIRTHDAY Com- 
MEMORATION VOLUME. Special number of the Journal of the 
Indian Chemical Society, 92 Upper Circular Road, Calcutta, 
India, 1933. 362 pp. 

The number contains an autographed frontispiece portrait 
of Sir Prafulla Chandra Ray, a dedication note, table of contents, 
and author index. The contributions include a number of ex- 
cellent reviews as well as several interesting papers by foreign 
(non-Indian) chemists. 


2 
Low PowER PHOTOMICROGRAPHY. Bausch and Lomb Optical 
Co., Rochester, N. Y. 8-page folder. 15.5 ¥.23.5 cm. 
Describes the Micro-Tessar short-focus lenses and reproduces 
photomicrographs illustrating types of work to which they are 
adapted. A table of magnifications and price lists of lenses and 
auxiliary apparatus are included. 


INTERIM REVISION ANNOUNCEMENT No. 1, U. S. PHARMA- 
COPGIA X. 
“‘A revision of the texts and assays for ergot and fluidextract 
of ergot and a revised test under lactose.” 
These texts become official on January 1, 1934. 


Merck & Co., Inc., have recently published, in commemoration of 
the opening, on April 25th, of the Merck Research Laboratory 
at Rahway, New Jersey, a booklet containing the complete 
address given by Sir Henry Dale on that occasion as well as a 
description of the Laboratory. 

The Company has also prepared, for distribution at ‘‘A Cen- 
tury of Progress,” ‘“‘A Chemical Almanack’’ which, according 
to the title page, treats of ‘“‘divers chemicals, where they are 
found, how they are made, also who prepares them: being a 
short history of chemistry very proper for all who may be in- 
terested, including apothecaries, chirurgeons, students and 
other ingenious persons.” 





RICHARD WILLSTATTER 


Professor Richard Willstatter, Nobel Prize Laureate in Chem- 
istry in 1925 and 1933 Willard Gibbs medalist, will be one 
of the distinguished foreign guests of the American Chemical 
Society at Chicago. He has contributed significant scientific 
data to the following fields: alkaloids; quinones and quinoids; 
cyclic hydrocarbons; chlorophyll; plant pigments; and enzymes. 

The informal photograph reproduced above was taken last 
summer in the study of Professor Willstatter’s Munich rest- 
dence by Dr. C. W. Foultk of The Ohio State University, who 
has kindly furnished us with a print. 
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HANGE OF EDITORIAL ADDRESS. The 
University of Chicago, through Dr. Julius Stieg- 
litz, has extended to the JouRNAL OF CHEMICAL 

EpucaTION the friendly offer of editorial quarters in 
Kent Chemical Laboratory. This offer has been 
accepted. It is the present intention to effect the 
transfer during the week of the American Chemical 
Society meeting. Mail designed to reach the editorial 
offices on or after September eighth should be directed to 
Kent Chemical Laboratory, The University of Chicago. 
The business and publication offices will remain at the 
plant of the Mack Printing Company, at Easton, 
Pennsylvania. 

It is not without natural regret that the editorial 
staff contemplates leaving working conditions so satis- 
factory and associations so pleasant as those which 
have been supplied through the hospitality and whole- 
hearted coéperation of Mr. Harvey F. Mack and other 
members of his organization. Had not the editorial, 
business, and publication departments of the JOURNAL 
been able to work together in closest harmony and in 
constant communication during the difficult reorganiza- 
tion period grave errors and costly delays would inevi- 
tably have marred the record. 

In other than emergency periods of short duration, 
however, it appears desirable that the editorial staff 
of a publication of this nature maintain some direct 
contact with teaching and research. It is further de- 
sirable that editorial workers as well as teachers should 
multiply and improve their opportunities for continua- 
tion education and for creative work. Not the least 
attractive to the editor of the features of the new loca- 
tion is the possibility of closer association with Dr. M. S. 
Kharasch, to whom he already owes much. It has 
been, in the fullest sense of an unfortunately hackneyed 
phrase, both a privilege and a pleasure to collaborate 
with Dr. Kharasch in the preparation of several minor 
publications. It is our mutual hope that the oppor- 
tunity for more frequent consultation may bear further 


fruit. 
* OK ok * 


The Chairman of the Division of Chemical Education 
approves the transfer of the editorial office of the 
JourNAL from Easton, Pennsylvania, to Chicago, IIli- 
nois, and authorizes the publication of the foregoing 
statement by the Editor. 

Lyman C. NEWELL, Chairman 





OUCHING ON SOCIAL MORALS. The gospel 
| [fpononene to Emerson has always seemed to us 

to embody a rather naive philosophy. We have 
never thought it profitable to hunt toads in the hope 
of extracting precious jewels from their heads. As for 
people who consider the breaking of one leg good for- 
tune on the ground that it is physiologically possible to 
break two—we avoid their society. We sincerely hope, 
therefore, that we will not be misunderstood if we find 
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one small bit among the flotsam of the economic hurri- 
cane which seems worth dragging ashore. 

There is now some indication that industry per se may 
cease to be regarded as an unqualified virtue. Inso far 
as labor (physical or mental) is merely the means 
of satisfying physical needs or even of acquiring the 
material apparatus necessary to cultivated living, it 
must properly be regarded as a curse upon mankind. 
The Hebrew mythologists had a much truer intuition 
in this respect than many of our modern moralists. 
Fortunately the curse is sometimes mitigated and oc- 
casionally completely outweighed by genuine pleasure 
in the work performed. The exercise of skill and judg- 
ment, pride of craftsmanship, and a sense of the im- 
portance of the task performed are all sources of satis- 
faction. Yet these are merely incidental and uncertain 
adjuncts to economically enforced labor. There is 
every reason to believe that they are enjoyed more 
generally and more fully in avocational than in voca- 
tional pursuits. 

These, of course, are dangerous notions—heresies 
scarcely to be tolerated—in an economic order where 
there are profits to be derived from keeping everyone as 
busy as possible. If it becomes evident, however, as 
now seems possible, that the road back to profits lies 
through more leisure for everyone heterodoxy will 
become orthodoxy with amazing speed. Employers 
will cease to assure working men that release from labor 
leads only to boredom, and ministers of the gospel will 
no doubt recall that the devil is a very industrious fellow 
and that we would do well to be less like him. Even 
magazine heroines will give over demanding that pro- 
spective husbands come equipped with jobs whether 
they need them or not. 

It is, of course, distressing to the confirmed romanti- 
cist to note the extreme sensitivity of moral standards to 
economic pressure. Yet if one be realist enough to ac- 
cept this phenomenon cheerfully there is a certain in- 
nocent amusement to be derived from contemplation 
of specific examples. After all, if e/m must vary with 
v, it is probably better that m should become the vari- 
ant. Better a change in moral standards than the 
shadow of a turning in public morality. 

By what diverse routes do men of divers minds some- 
times arrive upon a common ground of action! 





The cover picture, reproduced 
by courtesy of the Corning Glass 
Works, shows a continuous an- 
nealing oven, through which labo- 
ratory glassware 1s carried on a 
conveyor. The beginnings of 
laboratory glassware production 
in this country and the compara- 
tively recent development of the 
enterprise into a full-fledged in- 
dustry are described by Mr. F. 
Kraissl, Sr., who, for the most 
part, presents an eye-witness’s 
account. The decoratwe tailpiece 
which concludes Mr. Kratssl’s 
article is used by the kind permission of Merck & Co., Inc. 
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MEASURING OF GRADUATES AND VOLUMETRIC WARE 


A HISTORY of the CHEMI- 


CAL APPARATUS INDUSTRY 


F. KRAISSL, SR. 


501 Fifth Avenue, New York City 


N HIS article in THis JouRNAL on “The History 
of Chemical Education in America between the 
Years 1820 and 1870,’ Dr. C. A. Browne men- 

tioned! that the story of apparatus development in 
the United States deserved to be written up. The 
present writer has been a user as well as a producer 
of apparatus in this country since 1887 and had occa- 
sion to compile a catalog of laboratory ware in 1892. 
With this experience as a background the present 
contribution is offered, not as a complete history, but 
in the hope that it may serve as a stimulus to further 
efforts on the part of others whose information may be 
more complete. 

From the founding of this country until the time of 
the war between the states the domestic production 
of apparatus for laboratory work was so limited that 
it could scarcely be classed as an industry. Some 
few establishments manufactured scales and weights, 
thermometers and hydrometers, and assayers’ imple- 
ments, but most of the necessary apparatus was im- 
ported by dealers in scientific instruments, opticians, 


1 Browne, C. A., J. CHem. Epuc., 9, 712 (Apr., 1932). 


or pharmacists. Such items as could be made here 
were produced in shops that did similar work in other 
lines. For instance, a wood turner who made bowling 
balls and pins might also make some turned wood 
supports for burets, condensers, and funnels. A 
manufacturer of plumbers’ supplies would turn out 
Bunsen burners, tripods, and similar hardware as a 
side line. A copper- or tinsmith would build drying 
ovens and water baths. A glass factory that specialized 
in druggists’ glassware and bottles also made beakers, 
boiling flasks, and tubing. Until the latter part of 
the last century, however, there was no firm in America 
that devoted its entire resources to the production of 
laboratory apparatus. Indeed, it was not until that 
time that the expansion of chemical industry and the 
consequent demand for chemical training increased 
the need for apparatus sufficiently to warrant invest- 
ment in extensive productive facilities. 


The illustration on page 712 in the April, 1932, 
number of THIS JOURNAL shows a typical old-time 
scientific apparatus store which catered to the wants 
of professors and students of bygone days and there 
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are still in existence today some of the-old firms which 
were founded before the Civil War. However, at 
that time they were merely dealers and importers and 
only occasionally supplied special apparatus made up 
by their own mechanics or had such apparatus made in 
outside shops possessing the requisite mechanics and 
equipment. 

Perhaps the earliest records of apparatus produced 
in this way are to be found in the works of Joseph 
Priestley. These items were, for the most part, es- 
pecially adapted to his own experiments, and hence 
had but little general significance. The first enumera- 
tion and description of apparatus used in a regular 
chemical course in this country was that of the Uni- 
versity of Pennsylvania, compiled by Dr. Robert Hare 
and published by Clark and Raser, Philadelphia, in 
1826. The study of chemistry from that time to the 
latter part of the 19th century was taken up by com- 
paratively few and therefore, as has been remarked, 
the demand for apparatus was never great enough to 
justify mass production. 

The foundation of the American Chemical Society 
and, later on, the campaign of the Department of 
Agriculture for pure foods and drugs made the American 
public more conscious of the réle that chemistry played 
in practically all industries. A greater demand for 
more accurate chemical control, as opposed to former 
hit-or-miss methods arose and the leading industries 
correspondingly increased their requirements for the 
necessary personnel and equipment. Perhaps the 








dairy industry may be cited as 
one of the first which induced 
many young men to take courses 
in dairy chemistry in our ‘agri- 
cultural colleges, and the produc- 
tion of the apparatus and glass- 
ware for the butter-fat test was 
probably one of the first items of 
real quantity production in that 
line. 

Professor S. M. Babcock, who 
was the originator of the official 
test for butter fat in milk, pub- 
lished his method about 1890 in 
a bulletin of the Wisconsin Agri- 
cultural Experiment Station. 
Within a comparatively short time 
of its publication his test had 
revolutionized the whole dairy in- 
dustry of this country. Before 
that time milk was milk, almost 
regardless of source or quality, 
but as soon as dairymen were 
able to make rapid determination 
of the valuable constituents, es- 
pecially the most valuable fat, 
milk was paid for accordingly. 
The Babcock test became the 
standard in this country, as well 
as in some others, and quantity 
production of the necessary apparatus began. 

The principal necessities were a hand-operated 
centrifuge, graduated test bottles, pipets for measuring 
samples, and little cylinders for measuring the sulfuric 
acid. The development of the quantity production 
of these items affords a rather striking illustration of 
the evolution of better and cheaper methods, so that 
the apparatus could be sold at a price that the average 
dairyman could afford. For example, let us consider 
the test bottle, which was at first blown on the lamp. 
Tubing 1!/.” in diameter was cut in proper lengths for 
making two bottoms. The ends were drawn out and 
the center was constricted, then cut apart. The 
openings were melted in and then flattened with a 
carbon to form a bottom. After the bottoms were 
finished, the drawn-out ends were cut off and smaller 
tubing (of about '/,” inside diameter and the correct 
length) was attached. The top of the tube was finally 
flared. 

After the blank bottles were finished the necks were 
measured for a scale representing 10% fat, which was 
equal toa volume of 2cc. This was a somewhat tedious 
process. The bottles had to be filled with water to a 
point just above the bottom of the neck, where the 
meniscus was marked with a fine black varnish line. 
An additional 2 cc. of water was then measured in and 
another varnish mark indicated the new meniscus. 
At first, in order to guard against the possibility of 
variation in the inside diameter of the tube neck, it 
was necessary to calibrate in two stages of 1 cc. each. 
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Later on a more careful selection 
of the tubing eliminated one de- 
termination. 

The space marked off by the 
two varnish lines had to be divided 
into ten parts, each division repre- 
senting 1%, which again was di- 
vided into five subdivisions, mak- 
ing a total of fifty lines and ten 
numerals. As this work could not 
be done with sufficient accuracy by 
the ordinary method of wheel en- 
graving, the lines and figures had 
to be etched with hydrofluoric 
acid and, therefore, the entire 
bottle had to be dipped in molten 
wax. Then the scale was put on 
by means of a rather crude ruling 
device and the numerals were 
added by hand, the engraver using 
a needle mounted in a suitable 
handle. Where the lines and 
figures were engraved in the wax 
the surface of the glass was bare 
and this was exposed to the action 
of the hydrofluoric acid until the 
lines and figures were visibly 
etched out. Then the action of 
the acid was stopped by brushing 
with alcohol, the wax was removed 
by hot water, the line and figures were blackened with 
printer’s ink, and the test bottle was finished. 

All this was very well when a few dozen of such 
bottles were to be made, but when the demand came 
for thousands of dozens, it was obvious that production 
methods had to be changed. The first change was to 
blow the bottoms into a mold in a glass factory, select, 
cut, measure, engrave, and etch the necks separately 
and then attach them to the bottoms. Of course, 
many improvements in the various steps in production 
were gradually introduced. New types of test bottles 
and measuring devices were invented, but if it had 
not been for this great demand, there would have been 
no stimulus to improve methods in the production of 
graduated volumetric glassware. 

The discovery of large oil deposits in various parts 
of our country was another great impetus to the appara- 
tus industry, because oil was not just oil. Almost 
every well spouted a crude of a different value to the 
refiner and this value had to be quickly determined. 
Here again the hand centrifuge with graduated test- 
tubes was the best and quickest device for determining 
how much water, sand, and mud was mixed with the 
oil so that the refiner could pay for it accordingly. 

Thus it will be seen that the development of the 
natural resources of this country and the appreciation 
of their value had a great influence in the development 
of the apparatus industry. For instance, the pay- 
ment for grain according to its moisture content, for 
cottonseed according to its oil content, etc., required 
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BLANKS BY HAND 


the production of special types of apparatus. Further- 
more the passage of the Pure Food and Drugs Act com- 
pelled canners and manufacturers to hire chemically 
trained people to control production. All this en- 
couraged the expansion of chemical education; high 
schools introduced courses in chemistry, and many 
boys continued their chemical education in universities 
and colleges. There was a correspondingly increased 
demand for apparatus, glassware, and chemicals, but 
for many years educational institutions had the right 
to import these items free of duty and their quantity 
production did not develop at the same rate as that of 
apparatus for the industries, which could not be im- 
ported duty free. ; 

However, at the beginning of the Great War when 
scientific supplies could no longer be imported from 
Germany, the apparatus industry expanded greatly. 
The only American glass factory that had made labo- 
ratory glassware, such as beakers and flasks, before 
1914 was soon joined by others. This was the turning 
point, not only for the mass production of laboratory 
glassware but also for such other supplies as chemical 
porcelain, filter paper, laboratory hardware, chemical 
reagents, balances, microscopes, etc. After the armis- 
tice it became apparent that tariff protection was 
necessary to insure the survival of the new industry 
and the duty-free provision was omitted from the Act 
of 1922. 

One of the most helpful factors in the development 
of the apparatus industry in this country was and still 

















is the U. S. Bureau of Standards. Organized as a 
Bureau of the Department of Commerce at the be- 
ginning of this century under the direction of the late 
S. W. Stratton, this institution has constantly assisted 
manufacturers of laboratory apparatus and instruments 
in improving the adaptability and accuracy of their 
ware. The various divisions of the Bureau are not 
only well equipped for the testing of all kinds of ap- 


Fiscal Year 


Transfer Measuring 


Ending 
June 30 Burets Graduates Flasks Pipets Pipets Special 
1910 (S)* 943 8250 10,250 1014 55 
(T) 606 6856 6087 711 
(S) 555 4719 6528 920 128 
1911 (T) 274 3820 4388 586 
(P) 225 3704 3467 484 
(S) 559 4945 1871 1016 108 
1912 (T) 341 3575 1559 953 59 
(P) 291 3498 1335 889 
(S) 408 266 2117 1145 201 161 
1913 (T) 343 201 1704 935 185 144 
(P) 297 160 1636 26 173 131 
(S) 176 181 1022 533 1432 315 
1914 (T) 164 131 807 519 1329 
(P) 115 83 753 494 1120 
(S) 141 93 586 751 59 11 
1915 (T) 96 89 217 649 48 
(P) 77 66 179 499 45 
(S) 160 197 211 414 43 328 
1916 §=(T) 140 171 195 327 35 315 
(1/2 yr.) (P) 108 34 181 269 28 296 
(S) 150 37 675 406 62 66 
1917 (T) 140 33 507 380 60 62 
(P) 126 16 294 309 54 62 
(S) 275 69 1560 643 94 100 
1918 (T) 255 64 1344 529 90 
(P) 212 55 1192 90° 88 
(S) 418 3 1648 713 131 151 
1919 (T) 330 3 1383 646 109 107 
(P) 252 0 1021 459 62 
(S) 982 129 1572 2558 263 477 
1920 (T) 584 101 1259 2198 237 405 
(P) 389 25 988 1076 203 


* (S)—Number of pieces submitted; (T)—tested; (P)—passed. 





paratus and instruments for accuracy but maintain 
a personnel capable of assisting manufacturers in the 
The following 


standardization of their products. 


tabulation testifies to the service rendered by the 
Bureau in one specific field—the testing of volumetric 
Incidentally, it may be noted that most 
of this ware up to 1914 was imported and that since 
that time practically all of it was made in this country. 


glassware. 


1921 


1923 


1926 


1927 


1928 


1929 


1930 


1931 


1932 


(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(tT) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 
(S) 
(T) 
(P) 


\ 
AS 


¢ 


INDIVIDUAL ENGRAVING MACHINES ~ 


Ly 


VOLUMETRIC GLASSWARE TESTED BY THE U. S. BUREAU OF STANDARDS 


1323 
820 
566 

2246 

1939 

1622 
814 
746 
665 
742 
713 
655 
698 
682 
595 
747 
729 
670 
945 
926 
841 

1366 

1294 

1043 

1608 

1583 

1405 

1315 

1291 

1215 
965 
925 
889 
993 
920 
844 


3734 
3056 
2790 
6021 
5000 
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1855 
1647 
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3688 
3142 
2979 
2655 
4752 
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1937 
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2779 
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3775 
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1541 
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3858 
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2585 
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2393 
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2685 
2416 
2011 
1882 
1769 
2874 
2783 
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2616 
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4292 
4199 
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2931 
2885 
2576 
3812 
3699 
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3340 
3289 
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588 
598 
591 
455 
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386 
371 
704 
693 
531 
981 
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566 
397 
366 
365 
976 
970 
966 
327 
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A comparison between the number of pieces tested and 
passed will show the notable improvement which 
manufacturers have been able to make with the co- 
operation of the U. S. Bureau of Standards. 

Probably the most im- 
portant quantity item in 
laboratory equipment is 
glassware. It may be in- 
teresting to retrace our 
steps chronologically for 
the sake of supplying a 
few further details con- 
cerning the development 
of its domestic manufac- 
ture. Up to 1878 only 
glassware imported from 
Bohemia, then a province 
of Austria, and from Ger- 
many was sold by Ameri- 
can dealers. At that time, 
after considerable effort, 
the Whitall Tatum Co., 
operating a glass factory 
at Millville, New Jersey, 
started to produce labo- 
ratory ware from a potash 
glass very similar to that 
used by the Bohemian factories. Later on (in 1920) 
they introduced a glass which was more resistant 
to the action of chemicals and to thermal shock and 
marketed laboratory ware made of this glass under 
the Nonsol trademark. However, due to the fact 
that the quantity users, vz., educational institutions, 
government laboratories, etc., could import their 
laboratory glassware duty free, the market for these 
American-made flasks, beakers, and test-tubes was 
confined almost entirely to industrial and private 
laboratories and therefore the output was rather 
limited. Very little progress had been made toward 
mass production methods when the Great War 
began in 1914 and importation from Germany and 
Austria practically ceased. The suddenly expanded 
demand then induced other glass factories to undertake 
the manufacture of laboratory ware. 

Foremost was the Corning Glass Works which, after 
considerable experimentation, succeeded in blowing 
their very viscous borosilicate glass, already well 
known in the form of pressed ware under the Pyrex 
trademark. While the laboratory glassware made by 
the other American factories compared very favorably 
with that formerly imported,? the Pyrex ware intro- 
~2U. §. Bureau of Standards, Bull. 107, 23 (1918). 
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duced by the Corning Glass Works was more re- 
sistant to the action of chemicals. Furthermore, its 
extremely low thermal expansion enabled the makers 
to increase wall thicknesses to produce stronger flasks 
and beakers. So superior 
was the new ware to that 
formerly imported that 
after the war the demand 
for foreign ware revived 
only partially. This de- 
mand practically ceased 
when the Tariff Act of 
1922 destroyed the price 
differential between for- 
eign and domestic wares. 
Manufacturers of Ameri- 
can laboratory glassware 
were then encouraged to 
spend large sums in achiev- 
ing economical quantity 
production. 

For the development of 
the mass production of 
lamproom and graduated 
ware the Kimble Glass Co. 
of Vineland, New Jersey, 
deserves full credit. This 
type of ware was produced before the war in various 
small glassblowing shops mostly from tubing imported 
from Germany. The Kimble Glass Co. had, before 
1914, acquired control of a glass factory where they 
produced their own blanks and tubing from a soda- 
lime glass similar to the German glass. From this 
they made large quantities of glassware for the Babcock 
test previously mentioned. Therefore, when the war 
stopped the importation of this type of ware, they 
were ready to expand their production, but were 
obliged to spend large sums for the development of 
better machines for measuring, dividing, and graduat- 
ing, to enable them to reduce costs by increased output. 
So well have they succeeded that only the most ex- 
pensive European ware of that type can now compare 
with the American product in finish and accuracy. 

Although the writer has used the development of 
the laboratory glassware industry for his story, not 
only because it represents the largest quantity item but 
also because he is more familiar with it, an almost 
equal development has taken place in the line of labora-~ 
tory porcelain, hardware, reagent chemicals, rubber 
goods, etc. Space does not here permit an elaboration 
of the details of these developments; hence, further 
articles describing them should be welcome. 
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NEWER PRODUCTS 


Petroleum is found at depths in the earth varying from 
a few feet to over two miles. Oil-bearing territory is 
distributed geographically over the whole face of the globe. 

Oil refining employs temperatures from refrigeration 
range to over six hundred degrees Centigrade. Moreover, 
catalysts have been perfected for use in accelerating spe- 
cialized reactions, so that the properties of the producis 
to be obtained are determined within definite limtts. 


-~ +» 


crude oil as it is called, is far from being.a standard 
material for which a set of “‘average properties’’ 
may be outlined. Black, almost solid asphalt is 
crude oil as obtained from fields such as Casmalia, the 
Kern River, California, or Panuco, Mexico, while 


PP oeaine as it comes from the ground, or 


* Presented before the Division of Chemical Education at the 
eighty-fifth meeting of the A. C. S., Washington, D. C., March 
28, 1933, as a contribution to the symposium on “Recent De- 
velopments in Various Chemical Industries.”’ 
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from PETROLEUM 


GUSTAV EGLOFF 


Universal Oil Products Co., Research Laboratories, Chicago, Illinois 


A partial list of the amazing array of present petro- 
leum products would include not only the more familiar 
gasoline, lubricating oil, fuel oil, asphalt, wax, and coke, 
all improved over the past few years; but several less well- 
known products, such as liquefied gases for fuel, poly- 
merized products, such as gasoline, lubricating oil or 
resins, and alcohols of many kinds, as well as complex 
chemicals useful in our chemical industries. 


++ + 
Kettleman Hills, California, New Mexico, and Turner 
Valley, Canada, yield almost colorless crude oil which 
is practically pure gasoline. Some Pennsylvania crude 
oils are nearly pure lubricants, while others are rich in 
paraffin wax. 

The vast volume of crude petroleum produced in 
the world, amounting to twenty-three ‘billion barrels 
since the beginning of the oil industry, is rivaled only 
by its variance in appearance, quality, odor, and use- 
fulness. Yet all this crude oil would not fill a hole 
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in the ground one mile square and one mile deep! 

Petroleum is found in the earth at depths varying 
from a few feet to two miles. Oil-bearing territory is 
distributed geographically over the whole face of the 
globe, in arctic and in tropical climes, in deserts and 
under large bodies of water, in thickly populated dis- 
tricts or in open country, in valleys or high on the 
mountain side. 

The colors of crude oil vie with the tints of the rain- 
bow. In transmitted light they range from cherry, 
amber, yellow, green, and shades of red-brown to dense 
black; and, under reflected light, some of them show 
marvelous fluorescence. Nor are crude oils uniform 
with respect to the odors they emit. Some are pleas- 
ant, others nauseating; some are sweet, vile, offensive, 
or strange and exotic. Oils with an odor of sandalwood 
have been found in Cuba, and one from Trinidad smells 
strongly of turpentine. An Assam petroleum emits a 
strong odor of camphor, while some oils are practically 
odorless. Other properties of crude oil vary as widely 
as do the color and odor. 

Such, then, is the difficult ‘‘raw material’’ from which 
the many products of the petroleum industry must be 
made. The art of petroleum refining has grown far 
beyond its original relatively simple separation process. 
The basis of refining is still a process of distillation 
whereby the fractions of crude oil are separated, to be 
applied in the several ways to which each is best fitted. 
Improved methods of distillation, however, have 
grown apace through the years, and the number of 
products obtained from petroleum has greatly in- 
creased. Not only has crude oil been separated into 
fractions with narrow boiling ranges and specialized 
properties, but entirely new products have been syn- 
thesized. 

The art of petroleum distillation is no longer limited 
to boiling under atmospheric pressure, but has been 
expanded commercially to a range of pressure from a 
few millimeters of mercury to hundreds of pounds per 
square inch. Oil refining employs temperatures from 
refrigeration to over six hundred degrees Centigrade. 
Moreover, catalysts have been perfected for use in ac- 
celerating specialized reactions so that the properties 
of the products to be obtained are determined within 
definite limits. 

A partial list of the amazing array of products ob- 
tainable from petroleum at present would not only in- 
clude the more familiar gasoline, lubricating oil, fuel 
oil, asphalt, wax, and coke, all of which have been im- 
proved over the past few years, but would also cover 
a number of less well-known products, such as liquefied 
gases for fuel, polymerized products, such as lubricating 
oil or resins, and alcohols of many kinds, as well as 
complex chemicals which are useful in our chemical 
industries. 


GASOLINE 


Gasoline continues to be the most important and 
most widely used petroleum product. In the year 
1932, the United States alone consumed 18,000,000,000 








525 


gallons of motor fuel in automobiles, airplanes, and 
other devices using internal combustion engines. The 
gasoline which nature provides in the crude oil itself, 
however, has become less and less satisfactory for the 
improved models of cars, chiefly because it knocks 
badly in the new high-compression motors. In place 
of this gasoline we now have a highly satisfactory anti- 
knock product obtained from crude oil or any of its 
fractions by what is known as the cracking process. 

Cracked gasoline is a synthetic product obtained by 
the action of heat and pressure on crude oil, or any of 
its fractions, so as to convert the molecules into those 
boiling in the gasoline range (35° to 210°). The crack- 
ing process has made it possible to obtain over seventy 
per cent. of antiknock motor fuel from a crude oil 
which originally contained about thirty per cent. of 
low-grade gasoline. The extent to which advances 
in cracking have kept pace with the automotive in- 
dustry is well illustrated by the ratio of the consumption 
of cracked gasoline in the United States to the total 
gasoline used. About twenty years ago practically 
all gasoline was produced by ‘‘atmospheric’’ distilla- 
tion of crude oil. Ten years later, almost twenty-five 
per cent. of the motor fuel used in the United States 
was cracked gasoline, and the proportion has in- 
creased steadily until, today, it represents forty-seven 
per cent. of the gasoline produced from crude oil. 

The quality of motor fuels has been definitely im- 
proved so as to give better motor-car performance, 
easier starting, speedier pick-up, faster get-away, more 
miles per gallon, and smoother operation. Improve- 
ment in antiknock value in terms of octane number has 
averaged about three numbers during the past year 
alone. Present-day regular-grade gasolines of 70 
octane number are available, particularly in the eastern 
market. This quality of motor fuel will give satisfac- 
tory results in more than ninety per cent. of the cars 
now on the road. The increased starting speed of 
motor cars made possible by high-quality gasoline has 
in itself been equivalent to the widening of our high- 
ways or the building of ‘‘double-deck”’ streets. It has 
relieved congestion, particularly on city streets. 

In the struggle to make better antiknock gasolines, 
higher and higher temperatures of cracking are being 
used, with the result that more and more unsaturated 
hydrocarbons of the diolefinic type are formed. These 
are extremely sensitive to oxidation, forming per- 
oxides, aldehydes, acids, and ketones, and finally gums 
or resins. 

Hand-in-hand with progress in making antiknock 
gasoline has gone development of means for preserving 
its quality during storage and preventing the formation 
of troublesome gum. These ends have been accom- 
plished by the discovery and perfection of so-called 
inhibitors, which prevent or check the reaction of air 
with the sensitive unsaturated hydrocarbons in cracked 
gasoline. Thus they prevent any gum formation dur- 
ing storage, or when the fuel is burning in the motor. 

The development of inhibitors to prevent oxidation 
of gasoline made it possible to save millions of dollars a 
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year which would otherwise be spent for chemical 
treating agents. By adding inhibitors in the merest 
traces, further gasoline treatment may be eliminated 
or modified, thereby reducing gasoline loss, preventing 
gum formation, and preserving antiknock properties, 
as well as producing a better all-around motor fuel for 
the modern automotive engine. 


LUBRICANTS 


Developments in the airplane and automotive indus- 
tries demand not only antiknock motor fuels, but also 
lubricating oils of special properties. Enormous speeds 
and new-type mechanical parts call for lubrication 
which will withstand high operating pressures and 
temperatures and yet not interfere with smooth opera- 
tion. 

To meet the modern lubrication demand, careful 
selection of crude oils is essential. Crudes vary widely, 
even when they come from different wells in the same 
oil field. Consequently, crude oils from particular 
wells in an oil field are specifically segregated, in many 
cases, for their lubricating-oil qualities alone. 

There have been many improvements in the process 
of refining. Oils are distilled under vacuum and closely 
fractionated. Vacuum distillation, under pressures as 
low as a few millimeters, is being used commercially 
for this purpose. Low temperatures of refrigeration 
are employed to freeze out wax from the oil, while, on 
the other hand, development of inhibitors to prevent 
the formation of crystalline wax in lubricating oils 
has obviated the necessity for going to such low tem- 
peratures. Solvent extraction, too, is being used to 
remove selectively from the oil those fractions having 
the best lubricating quality. 

The watchword of the age, however, is synthesis and 
the oil industry is ultra-modern in this respect. We 
no longer depend solely upon the natural lubricating 
qualities of fractions of crude oil, for by synthesis the 
type of product desired may be produced from many 
oils naturally poor in lubricating components. More 
progress has been made in the manufacture of lubri- 
cating oils in the last few years than in the preceding 
thirty. 

The highly unsaturated hydrocarbons produced by 
the cracking process have proved to be excellent raw 
material for synthesizing lubricants. Polymerization 
of such hydrocarbons with aluminum chloride is being 
carried out on a commercial scale, yielding products the 
properties of which may be controlled to a nicety to suit 
the most severe requirements. 

The hydrogenation process, carried out under 3000 
pounds hydrogen pressure and at high temperatures in 
the presence of catalysts, is another commercial means 
of synthesizing lubricating oils which are highly re- 
sistant to breakdown under service conditions. 

One of the present trends in automotive design is 
toward lower body styles to facilitate higher speed and 
greater acceleration on the road. In order to main- 
tain the necessary road and body clearances, smaller 
rear axles are required; and because of this trend 
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toward smaller gears, higher tooth pressures and rub- 
bing velocities, a point is being rapidly approached 
where rear axles cannot be lubricated with ordinary pe- 
troleum in a satisfactory manner. 

Hypoid gears operate under conditions of higher 
rubbing velocity than spiral bevel gears, and car 
manufacturers have found it necessary to provide 
special lubricants. New ‘“‘extreme-pressure’’ lubri- 
cants, made up of blends of petroleum oils, saponifiable 
oils, lead soaps, and sulfur or sulfur chloride have been 
developed for such mechanisms. 

The necessity for specialized products, and conse- 
quently for the development of processes to obtain 
them, is readily understood when we realize the speeds 
at which this age has traveled. Airplanes hurtling 
through the air at the almost unbelievable pace of 
400 miles per hour, automobiles achieving speeds of 
270, while the ordinary motorist drives readily at 75 
or 80 miles per hour, speedboats skimming over the 
water at 120—all these convert our once vast continent 
into a neighborhood. Few of us realize the vast dif- 
ference between the lubrication requirements of an 
engine driven at 65 miles an hour and one driven at 
35. Up to 35 miles an hour, lubrication affords few 
problems. But at 65 the difficulties are greatly in- 


creased, and the punishment of lubricating oils is 
enormous when a motor is called upon to drive a plane 
through the air at over 400 miles per hour. 

Motor cylinders become fiery furnaces with tem- 
peratures of over 3000 degrees Fahrenheit produced 


by burning gasoline. Pistons in the cylinders move 
at 10,000 revolutions per minute in some motors. 
Under these grueling conditions the lubricating oil 
must not materially change its viscosity or develop 
carbon to choke the cylinders. It must also have 
fluidity which will permit the motor to start readily at 
arctic or desert temperatures. The high speeds of the 
present day bring an element of real danger from exces- 
sive wear of moving parts, unless they are carefully 
protected. The new lubricants provide against such 
danger and insure comfortable, dependable transporta- 
tion. 

A relatively recent development in the oil industry is 
the so-called ‘‘lubricated gasoline’’ or ‘‘top lubricant.” 
It comprises the introduction of a fraction of less than 
one per cent. of lubricating oil, oxidized oil, or mix- 
tures thereof to gasoline. A large number of substances 
have been tried at various times for such “‘top lubrica- 
tion,” including graphite suspensions, mixtures of cas- 
tor oil and nitrated or chlorinated compounds, mix- 
tures of animal or vegetable oils, etc. A much more 
successful type of top lubricant, however, constitutes 
the addition of an oxidized material to lubricating oil 
or partial oxidation of the lubricating oil itself. 

Some lubricated gasolines have been found, after 
testing, to give noticeable improvement in power with 
decreased fuel consumption, to the extent of about five 
per cent. operating the car with open throttle. Oxi- 
dized hydrocarbons have long been used in railroad 
lubricants, apparently resulting in low surface tension 
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or greater oiliness, so that they stand up under heavy 
load conditions. Of even greater importance, from a 
practical standpoint, is the fact that the adhesion of 
this type of lubricant to the metal surface of the cylin- 
der is extraordinary and the oil will stand up at higher 
temperatures than is the case with usual lubricants. 
This can readily be observed from the oil remaining 
on the stems of exhaust valves when lubricated gasoline 
is used. 

It is old practice to add lubricating oil to gasoline in 
the process of tuning-up new motors, usually over the 
period of the first 1000 to 3000 miles. The automotive 
engineer has emphasized through the years and has so 
designed his motors that, except for that brief tuning- 
up period, a minimum of lubricating oil reaches the 
combustion cylinders during operation of the motor. 
At present there is literally a wave running through the 
oil industry in working out satisfactory substances 
which can be added to gasoline for the purpose of “top 
lubrication.”’ 

A striking 10,000,000 mile test on the use of “‘top 
lubes” in Greyhound buses has been reported! as 
follows: 


The Greyhound fleets have used two types of lubricants in 
gasoline. One is an oxygenated Pennsylvania oil processed in 
such a way as to form certain synthetic compounds resembling 
natural fats and claimed to have a high degree of oiliness. The 
other product also is a synthetic lubricant 

Results observed due to the addition of top cylinder lubricant 
to gasoline for heavy-duty bus engines, are: 

Increase in gasoline mileage from 4 to 8 per cent. 

Increases in crankcase oil mileage cumulatively to as much 
as 100 per cent. 

Reduced carbon formation. 

Prevention of frozen piston rings and sticky valves. 
Reduced valve grinding. 

Reduced run-in time on engines after overhauls. 


FUEL OILS 


The development of synthetic furnace oil, Diesel 
oil, and fuel oils from the cracking process has reached 


a high point. It is a striking fact that during part of 
last winter some cracking units were operated to pro- 
duce furnace oil and fuel oil rather than gasoline. The 
market value, particularly of furnace oil, was higher 
than the price that refiners received for gasoline. For 
the same reason, in Canada one refiner operated his 
cracking unit to produce the maximum amount of 
tractor fuel rather than gasoline. 

Furnace oil and tractor fuel produced from the crack- 
ing process surpass the corresponding products ob- 
tained by atmospheric distillation of the crude oil, in 
such properties as viscosity, cold test, and B.t.u. con- 
tent per gallon. Cracked fuel oils from the processing 
of petroleum are especially important for the reason 
that their viscosity does not change much with tem- 
perature, allowing ready atomization to produce a 
steady, closely controlled heating effect. The B.t.u. 
content of cracked residues is approximately ten per 
eent. higher on a volume basis than uncracked fuel 


1 CHATFIELD, National Petroleum News, Feb. 8, 1933, p. 51. 
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oil derived from the same crude oil, while the low vis- 
cosity and cold test of the cracked product add to its 
excellence. 

The use of fuel oil in railroads, steamships, and battle- 
ships is increasing at a rapid rate. The importance of 
cracked residue for these uses lies chiefly in the fact 
that it saves space. This fuel used in a locomotive 
will take it ten.per cent. farther on its way, while a 
ship gains a ten per cent. greater cruising area or saves 
ten per cent. of the bunker space. 

A similar advantage in greater heat content for a 
given volume is obtained with cracked Diesel fuels. 
Here, again, the saving of space is expected to be es- 
pecially valuable when Diesel airplanes come into use. 


ASPHALT 


The first known form of petroleum was called 
bitumen in ancient times and was what we know today 
as asphalt. The bitumen of the days before the oil 
industry was probably formed by natural evaporation 
of all the lighter parts of a once-liquid crude oil. Un- 
til a very few years ago, petroleum refiners obtained 
asphait as the residue of distillation of asphaltic-base 
crude oils. 

It is no longer necessary, however, to depend entirely 
upon asphalt crudes for this product. An interesting 
development is the formation of asphalt from fractions 
of Pennsylvania crude oils containing no asphalt, or 
from Mid-Continent crude oils which do not yield as- 
phalts in commercial quantities. The production of 
asphalts from such crudes may be accomplished through 
the medium of the cracking process. 

Ordinarily, cracking is considered a decomposition 
or breaking-down process; that is, higher boiling and 
higher molecular-weight hydrocarbons are converted 
by pyrolysis into hydrocarbons of lower molecular 
weight and lower boiling point. These reactions, ac- 
companied by dehydrogenation, polymerization, and 
condensation, result in the formation of hydrocarbons 
having the characteristic properties of pitches or 
asphalts. 

Dependent upon the type of charging stocks—which 
may range from gasoline, naphthas, kerosene, gas oil, 
wax distillate, or fuel oils, to the whole crude-—and the 
pressure, time, and temperature,employed, synthetic 
road oil, flux oil, or asphalt may be produced. These 
products have been found particularly useful for road- 
making purposes. 

One of the recent ways of using asphalt is in the form 
of anemulsion. Bituminous emulsions, as used in road 
construction, are dispersions in water of finely divided 
particles or globules of asphaltic material, stabilized 
by a protective colloid or emulsifying agent. 

Among the new uses for bituminous emulsions is their 
application in the curing of concrete, where the emul- 
sion is poured onto the freshly made concrete. Such 
emulsion is also used as surfacing to get rid of the usual 
glare from concrete roads. Other applications include 
the use of emulsions as center-line markers on concrete 
highways, for surface treatment of bituminous roads, 





528 


as damp-proofing or water-proofing media, and as an 
integral part of the road structure. 


PETROLEUM GASES 


There are yearly available over two-thousand-billion 
cubic feet of natural gas and three-hundred-billion 
cubic feet of refinery gases. The former is made up 
primarily of methane, ethane, and some propane and 
butanes, while the latter in addition to these compo- 
nents contains ethylene, propylene, and butylenes. 

These gases are primarily used for fuel purposes. 
More important uses have developed in recent years, 
one of which is the liquefaction of propane and butane. 
Compressed into liquid form, the hydrocarbons are 
delivered to their destinations in heavy steel bottles, 
or in tank wagons or tank cars under pressure. 

Liquefied or ‘‘bottled’’ gases are not alone distributed 
as fuel for heating and lighting in homes located off 
the “beaten track’’; but they are also useful for in- 
dustrial purposes, especially where closely controlled 
temperatures are essential. They have revolutionized 
gas manufacturing plants which used coal, gas oil, or 
water-gas reactions to supply the needs of the com- 
munity. Gas plants have been shut down in some 
small towns and the liquefied gases, merely mixed 
with air, are piped to the users. Some gas-making 
units have also been eliminated, while liquefied gases 
are added to water gas to give the proper heating value. 

The heating values of the liquefied hydrocarbons in 
“bottled gas’’ are especially notable. Butane has a 
value of 3200 B.t.u. per cubic foot of gas, and propane 
contains 2550, both of which contrast forcibly with the 
usual 550-B.t.u. city gas. That the field for this new 
‘by-product’ presents worthy dimensions is aptly 
shown in the increased production of liquefied gases 
from about 223,000 gallons in 1922 to approximately 
32,000,000 gallons in 1932. Distribution of the product 
indicates that 17,000,000 gallons were marketed as 
“bottled gas’’ for domestic fuel, while 15,000,000 were 
used as industrial fuel and in city gas. 

Refinery gases, including not only the ‘“‘waste’’ gases 
from crude-oil distillation but also the vast amounts of 
gas formed from the cracking process, present a huge 
potential source of liquefied gases, in addition to that 
derived from natural gasoline plants and natural gas. 
It is estimated? that ‘‘the potential supply of liquefied 
petroleum gases from natural gasoline plants and re- 
fineries is several hundred times greater than the present 
demand.”’ 

3 OBERFELL, A. P. J. Proceedings, Section III, 15(Dec., 1932). 
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A further important line of development for refinery 
gases lies in the cracking or reforming of gas having a 
high B.t.u. content, for the purpose of producing a 
greater volume of fuel gas having a lower heating 
value. Reforming may be an independent gas- 
cracking process or it may comprise passing the hydro- 
carbon gas through an incandescent fuel bed wherein 
water gas is simultaneously produced. Saturated 
and unsaturated hydrocarbons, carbon monoxide, and 
hydrogen, of desirable heat content are obtained. 

The advent of the cracking process for gasoline pro- 
duction has brought with it a huge supply of highly 
unsaturated hydrocarbon gases. Gaseous paraffins 
such as those in natural gas are also being cracked to 
produce ethylene, propylene, butylene, and butadienes. 
There are about 45 billion cubic feet per year of ethyl- 
ene, propylene, butylenes, and butadienes present in 
all the cracked gases, making them highly reactive and 
valuable for chemical synthesis. Uses to which these 
olefinic hydrocarbons are adapted include their ap- 
plication as anesthetics, for the ripening of fruits, as 
raw materials for the production of halogen deriva- 
tives, alcohols, acids, ketones, aldehydes, and for poly- 
merization to gasoline, lubricating oil, or resins. 

Among the most interesting developments in the 
use of cracked gases is the manufacture of alcohols. 
The first applications of such gaseous hydrocarbons 
to alcohol synthesis employed the well-known sulfuric 
acid process plus hydrolysis. Alcohols of many kinds 
have been, and are, produced in this way from the dif- 
ferent olefins present in cracked gases. The primary, 
secondary, and tertiary alcohols which have been pre- 
pared are both liquids and solids. 

The most recent, outstanding alcohol synthesis being 
carried out commercially from cracked gas is the direct 
union of ethylene and water by means of catalysts to 
yield ethyl alcohol. 

Man’s chief competitors, the insects, are being fought 
with oil, using airplanes to spray it over large areas of 
insect-infected plant life. Orchards are protected 
from frost by means of oil or petroleum coke fires. 
The temperature surrounding orange groves is con- 
trolled to a nicety by the warmth of a wall of petro- 
leum fire. Eggs are embalmed in oil for their preserva- 
tion, much like the mummies of old with asphalt. 

Many other uses have been found for oil products 
and an enormous amount of research work is going on 
in the oil industry at yearly costs of millions of dollars 
to develop new products or find new uses for old 
products. 





One of the feature exhibits of the applied ages aa 
constructed almost entirely of glass. I 
the various petroleum fractions. 


ry section at A Century of Progress is a scale model of a complete oil refinery 
In accordance with fire regulations realistically colored solutions are substituted for 
The model is supplemented by oil-field and oil-refinery dioramas. 





TESTING 
HOUSE PAINTS 
for DURABILITY 


F. L. BROWNE 


Forest Products Laboratory,* 


Forest Service, U. S. Dept. of Agriculture, 


‘ 


Madison, Wisconsin 


Paint making is still an art rather than an applied 
science. The approach to a scientific knowledge of paints 
and paint durability must be made by the empirical route. 
The present article outlines some of the variables which 
must be taken into account in paint testing and describes 
a technic for the conducting and recording of durability 
tests. 


+++ + + + 


ee paints have been developed empirically 

out of ancient craftsmanship; they are not yet 

to be regarded as products of science applied to 
industry. Many facts have been learned about paints 
through experience and practical testing but it has not 
yet been possible to establish general laws of paint be- 
havior to correlate the facts. To be sure, the litera- 
ture of the subject is replete with theories that are glibly 
accepted without verification by crucial experimentation 
and possess a remarkable ability to live on, long after 
they have been proved grossly inconsistent with the 
facts. Not only is there competition between rival 
theories but the facts themselves must be sought among 
a mass of utterly contradictory assertions often unsup- 
ported by citation of evidence. Moreover, there is 
as yet neither a generally accepted technic of measuring 
the durability of house paint nor agreement upon a 
definition of durability. The transformation of paint 
making from an art to a science is much to be desired 
but is not likely to be achieved for some time to come 
even though progress in that direction is proceeding 
more rapidly than it has in the past. Meantime current 
problems must continue to be met through frankly 
empirical experimentation and observation. 

The young graduate in chemistry confronted with 
the problem of paint evaluation often finds it difficult to 
adjust himself to the empirical method of procedure. 
His college training usually has taught him very little 
about it and, still worse, may have led him to hold it in 
light regard. As a result he tends to shirk the direct 
attack upon the immediate objective in order to pursue 


‘ 
* Maintained at Madison, Wisconsin, in coéperation with The 
University of Wisconsin. 
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PAINT FAILURE OF THIS K1inp IS NEVER OBSERVED ON PAINT 
Test FENCES BUT ALL Too FREQUENTLY ENCOUNTERED ON 
HOUSES 


It is caused by moisture gaining access to the back of the 
painted woodwork. The possibility of such developments 
makes paint tests on houses uncertain; it also makes it 
necessary to study the behavior of paints when subject to 
such conditions before their merits for general house painting 
can be fully understood. 


some minor aspect of the problem by methods that are 
more to his taste. A well-grounded fear that empiri- 
cism in papers offered for publication in the chemical 
journals may be received with little enthusiasm by the 
evangels of the profession proves an additional dis- 
couragement. The young chemist’s early years in such 
industries as paint making would be both happier and 
more fruitful if his college training taught him that 
empiricism must blaze the trail for science and that 
industry must solve its problems empirically when it 
cannot wait for the more adequaté answer ultimately 
possible through the scientific method. 

Empirical experimentation to be effective must usu- 
ally be conducted on a much larger scale than scientific 
experimentation. This is particularly true of paint 
testing. Failure to appreciate it has led to great waste 
of effort and the disappointing results have done much 
to throw durability tests into disrepute. The durabil- 
ity of a paint depends on many factors besides its com- 
position. Not all of the factors are known. It is, 
therefore, essential that the testing procedure duplicate 
practical conditions of service as closely as possible and 
take account of the probable variations in conditions 
of service. Many exposure tests are required to ac- 
complish useful comparison of even a small number of 
paints, and the tests must extend over a period of several 
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years before conclusions may be drawn. Great care 
must be taken to plan the tests adequately and to pro- 
vide satisfactory methods of inspection, record, and 


evaluation. An adequate program of exposure testing © 


is necessarily expensive, time-consuming, and exacting 
in its demands for trained technical supervision. In 
the writer’s opinion durability tests of paint should 
never be attempted when these requirements cannot 
be met. 

ARTIFICIAL WEATHERING TESTS 


Strenuous efforts have been made to devise artificial 
weathering tests for house paints in which results may 
be obtained in much less time than is required in 
natural weathering (1). Such tests serve usefully as a 
subordinate part of the research program in large labo- 
ratories. They are useful, for example, in rejecting 
from a large number of previously untried paint com- 
positions those mixtures so seriously faulty that they 
merit no further consideration, so that the smaller 
number remaining can be tested adequately by natural 
weathering. Artificial weathering tests probably will 
increase in usefulness as the nature of the changes that 
take place when paints age becomes better understood 
and study of the disintegrating influences, one by one, 
becomes desirable. 

Artificial weathering tests are not at present accept- 
able as the sole basis for determining the relative du- 
rabilities of practical house paints because accelerated 
deterioration is achieved by deliberate aggravation of 
some factors in weathering, a procedure that is out of 
harmony with the requirement that the tests be made 
under conditions duplicating those of practical service as 
closely as possible. Results of accelerated tests are 
not always in satisfactory accord with results obtained 
by natural weathering. 


TEST FENCES 


The principal means of measuring the relative du- 
rability of house paints is the test fence. For reasons 
that will be detailed later, houses are less practicable 
than test fences because complicating factors not yet 
fully understood sometimes affect the behavior of 
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paint on houses to such an extent that there is often 
uncertainty whether the deterioration of paint on a 
house may be attributed purely to normal weathering 
of the paint. These complicating factors on houses 
must be studied separately by means of a special tech- 
nic. 

The first paint test fence in the United States is said 
to have been erected by the U. S. Gutta Percha Paint 
Company some time prior to 1907 but its existence re- 
mained practically unknown outside of the company 
until recently (2a). Many paint manufacturers and 
paint technologists now conduct such tests (3) but one 
of the most experienced paint chemists (4) said not long 
ago that he finds “‘too few paint companies who have 
comprehensive and adequate exposure programs... . 
Our future progress in paint development will continue 
to be based on the evaluations of our exposure tests 
and not on theoretical considerations.’’ Comparatively 
little of the data acquired from manufacturers’ test 
fences becomes public through technical publications. 
The first fence tests to gain public interest were those 
started in 1907 by the late Senator Ladd while professor 
of chemistry at North Dakota Agricultural College (2b). 
They were an outgrowth of the famous North Dakota 
paint law that required all house paints sold in the 
state to bear a statement of composition unless they 
contained only white lead, zinc oxide, linseed oil, 
turpentine, and paint drier. Subsequent test fences 
to be made public are cited in the list of references 
(2c). 

The earlier test fences failed to provide the expected 
basis for decision between different types of paint. 
Some of the worst compositions were clearly demon- 
strated but for the most part opinions about paint 
formulas remained as divergent after the tests as they 
were before. The difficulty lay in inadequate under- 
standing of the essential conditions for conducting such 
tests properly and in the attempt to test too many paint 
formulas at one time with the means available. Mod- 
ern knowledge of testing technic, however, has thrown 
new light on many of the older tests as a result of which 
a re-examination of the old records often proves very 
fruitful (5). 
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Tuts RELATIVELY INEXPENSIVE TEST 
FENCE AT FRESNO, CALIFORNIA, MAIN- 
TAINED BY THE W. P. FULLER Co., Has 
BEEN USED FOR TESTS BY THE FOREST 
Propucts LABORATORY SINCE 1924 


5 


No repairs have been required by the 
unpainted framework, which is made of 
heartwood Douglas fir and redwood. 
Exposures are made on the south side of 
the fence only. Note that the panels 
were painted immediately after erection. 
The amount of paint applied to each 
panel was determined by weighing on the 
balance on the upturned box to the left of 
the fence. 
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THE TEST FENCE OF THE NORTH- 
WESTERN PAINT AND VARNISH PRODUCTION 
CLUB AT THE STATE FAIR GROUNDS, ST. 
PAUL, MINNESOTA, REQUIRES AN OPEN 
WIRE GUARD FENCE TO PROTECT IT FROM 
MOLESTATION 


¢ 


Siding lumber is nailed directly to 
the open framework on both north and 
south sides. The test areas were marked 
off by black stripes and numbered after 
the test paints had dried. 


CONSTRUCTION OF TEST FENCES 


As a rule test fences should be erected in suburban 
or rural environments rather than in industrial centers. 
Tests made near factories are subject to serious uncer- 
tainties because of extreme accumulation of dirt and 
soot and possible abnormal chemical reactions with 
industrial gases. In such surroundings white paints 
that ordinarily maintain reasonably good appearance 
have been known to turn totally black and to last much 


longer than they can be expected to do on residences. 
Test fences in the country should not be located in 
unusually damp ground or too close to rivers or lakes to 
permit the air around the fence to follow the extremes 
of relative humidity characteristic of the climatic region. 

Test fences consist of a simple framework for support- 


ing painted panels. The framework should be durable 
and strong enough to remain upright during the most 
severe storms. A very satisfactory construction con- 
sists of 4 X 4-inch posts or 6-inch round posts set at 
least 21/2 feet into the ground, projecting 7 feet above 
ground, and set 6 feet apart from center to center. A 
concrete collar at the ground line serves to prevent 
working under wind pressure with consequent loosen- 
ing of the anchorage in the ground. The posts are 
subject to decay, at least below the ground line, and 
must, therefore, be of durable wood. Heartwood of red- 
wood or southern cypress is very durable and heartwood 
of southern pine or Douglas fir is satisfactory for 
square posts; cedar or chestnut makes good round 
posts. Sapwood of any species lacks durability and 
decays relatively soon. If posts containing much sap- 
wood or non-durable species must be used they should 
be treated with creosote by impregnation under pres- 
sure or treated by the hot-and-cold bath method to a 
distance at least 18 inches above the ground. Failure 
to take proper precautions against decay has repeatedly 
resulted in the blowing down of test fences or in the 
necessity of replacing posts at frequent intervals.‘ Sur- 
face application of creosote does not afford adequate 


protection for posts and paint is of no use whatever for 
that purpose. The Forest Products Laboratory fence 
at Madison, Wisconsin, built with creosoted posts, 
has stood for nearly eleven years without a single re- 
placement or any sign of rot. A fence at Seattle, 
Washington, built with untreated posts of Douglas fir, 
has been in service for the same length of time. 

The posts should be connected with a simple frame- 
work of 2 X 4-inch stringers and studs to which test 
panels can be attached and covered with a plate or 
roof projecting an inch or two beyond the face of the 
test panels to keep rain water from seeping in behind 
the panels. It is advisable to build this superstructure 
also with the heartwood of durable species, particularly 
so if the framework is to be painted, and to make all 
joints as tight as possible to keep out rain water. 
Trouble has been experienced on some test fences with 
decay setting in at such joints when the lumber con- 
tained sapwood. If non-durable lumber is used it is 
desirable to soak: the ends of all pieces in creosote, 
especially if they expose end-grain sapwood, to brush 
all surfaces, or at least concealed surfaces, with creosote, 
and to leave the framework of the fence unpainted, 
although it may be stained if desired. 

If desired the framework may be enclosed with lum- 
ber sheathing from the top down to the lowest stringer, 
which should be not less than 18 inches above the 
ground. Sheathing presents a supporting surface like 
that on the sidewalls of most houses but it adds ma- 
terially to the cost of the fence and is not really neces- 
sary. 

The most satisfactory test fences are erected verti- 
cally because that is the position in which most house 
paint is used. Most fences run east and west so that 
test panels face south, if but one side of the fence is 
utilized, and north and south if panels are attached to 
both sides. The fence should be far enough from build- 
ings, trees, or other obstructions to expose all panels on 
the south side uniformly to full sunshine. Paint wears 








AN EXCELLENT TYPE oF TEST FENCE MAINTAINED BY THE 
NATIONAL LEAD Co. AT SAYVILLE, NEW YORK 


The framework is covered with sheathing lumber before 
the test panels are attached. Both north and south sides 
of the fence are used for tests. The tests shown are a series 
by the Forest Products Laboratory in which each test panel 
consists of four boards, six feet long, marked off by stripes 
into three test areas of which the center is painted with a 
“control” paint against which the other two are compared. 


out most rapidly on the south side and least rapidly on 
the north side. Tests repeated on north and south 
sides reveal the range in durability normally to be ex- 
pected in the region. On the southern exposure paints 
chalk and colors fade most rapidly, while on the northern 
exposure dirt collects for a longer time, yellowing of 
paint oils may be more marked, and there is more 
chance for mildew to develop. By. considering both 
northern and southern sides the relative appearance of 
different portions of a house can be gaged more success- 
fully than is possible with southern exposure only. 

Some workers prefer test fences on which the panels 
slope back at an angle of 45 degrees from the vertical 
because the intensity of sunlight falling on the painted 
surface is thereby increased and failure of paint is ac- 
celerated (6). Like other forms of accelerated weather- 
ing tests, however, inclined exposure should be used only 
to supplement rather than to replace vertical exposure. 
Inclined panels apparently undergo greater extremes of 
temperature and moisture content than vertical panels 
and paint on inclined panels acts as it would on vertical 
panels in a drier and warmer climate. Observations of 
changes in the appearance of coatings on inclined panels 
are not entirely representative of the behavior of the 
paint on vertical panels. 

A good wire guard fence around the test fence is often 
needed to protect it against vandalism. Many persons 
seem to have an uncontrollable impulse to write on 
fences. Fences on farms need a guard fence to keep 
cattle from licking fresh paint with consequent disaster 
both to the paint and to the cattle. The guard fence 
should be placed far enough from the test fence to leave 
plenty of room for photographing test panels. 


EFFECT OF CLIMATE 


The variations in climate in different parts of the 
United States materially affect not only the durability 
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of paint in general but the comparative durability of 
different kinds of paint. There are two opposite ex- 
tremes of unusually severe climate from the point of 
view of paint; most of the United States, especially the 
more populous parts, lies between the two extremes. 
One extreme is found along the southern Atlantic 
Seaboard and the coast of the Gulf of Mexico, condi- 
tions in Florida being typical. Here, for example, 
paints containing high proportions of zinc oxide are 
distinctly more durable than pure white lead paint. 
The other extreme is found in the southwest, the region 
of the Great Plains, and the interior valleys of southern 
California. There white lead paint is distinctly more 
durable than paints containing even moderate propor- 
tions of zinc oxide. In both of these regions all paints 
fail more rapidly than they do in most other parts of 
the United States. Common characteristics of the two 
extreme conditions are relatively high amounts of sun- 
shine and high maximum temperatures. The signifi- 
cant difference between them is the high relative hu- 
midity prevailing almost constantly in the one and the 
exceptionally low relative humidity characteristic of 
the other during at least a part of the year. 

In recent years there has been a tendency to regard 
tests in Florida as a form of accelerated exposure testing 
free from the shortcomings of artificial exposure tests. 
Florida exposure, however, cannot be accepted as a 
satisfactory test of paint for use in other parts of the 
country. Parallel exposures in Florida and in the 
southwest might be so accepted but it is wisest to test 
paints for national distribution in at least three charac- 
teristically different climates. 


CHOICE OF WOOD FOR TEST PANELS 


As a rule panels for testing house paints should be 
made of wood because that is the principal kind of 
surface upon which they will be used. Paints that 
endure well on metal often fail rapidly on wood. 

One of the principal difficulties in interpreting the 
results of the earlier test fences arose with the discovery 
that the nature of the wood had as much effect on the 
durability of the coating as the composition of the 
paint, unless the paint is a very poor one indeed. A 
prominent paint executive dubbed the earlier tests a 
‘lumber lottery”’ (7). Although recognized since 1912, 
the necessity for carefully considering the effect of the 
wood and practicable means of taking it into account 
have not been properly appreciated until recent years. 

Lumber for exteriors of houses is predominantly 
softwood lumber. The following factors affect the 
durability of paint on softwood lumber (8): 

1. The proportion of summerwood, which is the dense, 
hard, dark-colored portion of each annual growth ring 
in the tree. When paint coatings begin to break up 
and small pieces begin to fall off the wood, the disin- 
tegration sets in and progresses rapidly over the 
summerwood. The more summerwood there is, the 
sooner such disintegration becomes serious. The 
density of a board at some standard moisture con- 
tent usually depends directly upon the proportion 
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of summerwood. Other factors being equal, the 
less a board weighs the longer paint lasts upon it. 

2. The width of the annual growth rings. Slowly 
grown wood has narrow growth rings and may, there- 
fore, have narrow bands of summerwood even though 
the wood is fairly heavy. Slowly grown wood holds 
paint longer than otherwise similar wood that grew 
rapidly. 

3. The direction at which the surface to be painted 
cuts the annual growth rings. Edge-grain boards are 
cut with the principal surfaces approximately parallel 
to a radius of the log and at right angles to the growth 
rings. The bands of summerwood are of minimum 
width in such boards and paint is, therefore, held to 
best advantage. ‘Flat-grain boards are cut with the 
principal surfaces approximately tangent to the 
growth rings so that the bands of summerwood are 
wider and paint fails more rapidly than on edge- 
grain boards. Of the two principal surfaces of a flat- 
grain board the one nearer the bark of the tree often 
holds paint longer than the one nearer the pith of 
the tree. 

The grade of lumber. Lumber is graded for sale 
according to the size and number of defects, of which 
the principal ones are usually knots. The high 
grades hold paint better than the low grades, both 
because knots often cause early paint failure and be- 
cause the low grades as a rule come from the central 
parts of the tree where the growth rings are usually 
wider. 

5. Resin and other extractives. The resins and other 
extractives in wood have less effect on paint than is 
commonly supposed (9). The resin characteristic 
of the white pines and the yellow pines, which con- 
tain rosin, exerts a slightly detrimental effect upon 
the durability of paints that contain zinc oxide. On 
the other hand the oily extractive in southern cypress 
and the aqueous extractive in redwood apparently 
tend to make most paints last longer. 


Since lumber is sold primarily by species the follow- 
ing classification of softwoods for painting has been 
worked out, but it must be remembered that within 
each species there is wide variation in the above proper- 
ties and consequent overlapping in painting character- 
istics: 

Group I—Woods that are generally light in weight, of 
slow growth, hold paint well, and require 
little paint protection to prevent wood 
weathering: 

Alaska cedar Western red cedar 
Port Orford cedar Southern cypress 
Redwood 


Group II—Woods that are generally light in weight but 
not always of slow growth, that contain 
resin slightly detrimental to paints containing 
zinc oxide, and that require more adequate 
paint protection than woods of Group I: 


Northern white pine Sugar pine 
Western white pine 
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Group III—Woods that are usually either more rapidly 
grown or heavier than those of Groups I 
and II and therefore hold paint less well 
and that require more adequate paint pro- 
tection than woods of Group I: 
Commercial white fir Ponderosa pine 
Eastern hemlock Eastern spruce 
Western hemlock Sitka spruce 

Group IV—Characteristically heavy woods with wide 
bands of summerwood over which paint 
begins to fail comparatively early: 
Douglas fir Western larch 

Southern yellow pine 


By choosing lumber for test panels with careful con- 
sideration for the properties that are known to affect 
paint behavior, the variability in results caused by the 
wood may be reduced materially. A relatively large 
supply of lumber may be sorted for boards of reasonably 
uniform properties. If such specially selected lumber 
for test purposes could be made available commercially 
there would undoubtedly be a demand for it in the paint 
industry even though it would necessarily be expensive. 
Variability due to the wood, however, cannot be entirely 
eliminated even by careful selection and other methods 
of allowing for it must be adopted. 

There are two methods of minimizing uncertainty 
due to variability in the wood. The first is multiplica- 
tion of the number of boards in each test panel and of 
the number of panels painted with each paint, and the 
second is the procedure of ‘‘matching specimens,”’ that 
is, comparing paints by applying them to neighboring 
areas of the same boards. The most practicable pro- 
cedure combines the two. The style of test panel pre- 
ferred at the Forest Products Laboratory consists of 
four boards of 6-inch siding, each board 6 feet long. 
Record is kept of the density, width of growth rings, 
and direction of the growth rings in each board. The 
face of the panel is then subdivided into three test 





Tuis Test FENCE Was BUILT IN 1924 wiTH LUMBER THAT 
CoNTAINED Mucu SAPwooD 


Although decayed members were repeatedly replaced 
the fence collapsed early in 1933. The framework was kept 
painted. Durable lumber or lumber treated with wood pre- 
servatives safeguards the investment made in conducting 
paint tests. 

































































areas each 2 feet long, one of which is painted with some 
paint chosen particularly as a suitable control against 
which experimental paints on the other two areas can 
be compared. 

The best wood for testing the relative ability of paints 
to remain intact over bands of summerwood is southern 
yellow pine. When a paint formula has been worked 
out that lasts well on southern pine it may be assumed 
safely that it will give good service on any other soft- 
wood. Paint technologists working for paint manufac- 
turers, however, are often expected to submit test panels 
to inspection by the sales department or by prospective 
customers and for that purpose they find southern yel- 
low pine less desirable than a wood on which paint lasts 
longer and on which the ultimate areas of paint failure 
are not so conspicuous. For tests planned to disclose 
the range in behavior that will be exhibited by a paint 
offered for general use in house painting tests should be 
made on four kinds of wood, one from Group I, a second 
from Group II, and two from Group IV, of which one 
should be southern yellow pine. The writer recom- 
mends the following: 


1. Western red cedar bevel siding, ‘‘clear”’ grade, !/2 X 
6-inch size. This will be edge-grain lumber. 

2. Northern white pine bevel siding, ““B and better”’ 
grade, '/, X 6-inch size. This will be mostly flat- 
grain lumber. Ponderosa pine should not be ac- 
cepted for this purpose in place of northern white 
pine. 

3. Douglas fir drop siding, ‘“B and better’ grade, 
1 X 6-inch size. This can be purchased entirely 
vertical grain (edge-grain) if desired but the flat- 
grain boards afford a more severe test of paints. 

4. Southern yellow pine drop siding, ‘‘B and better’ 
grade, 1 X 6-inch size. This will be chiefly flat- 
grain lumber. 


Lumber for test panels should not be stored in heated 
rooms or kept very long in heated carpenter shops or 
laboratories. It is best stored in unheated rooms or 
lumber sheds where the relative humidity never falls 
below that characteristic of outdoor air in the climate 
in which the test fence is located. For most climates 
the moisture content of the wood should not be allowed 
to fall below 10 per cent. of the weight of wood when 
oven-dry. 

Test panels should be mounted on the fence with 
the boards running horizontally, as they do on most 
houses. At the Forest Products Laboratory the four 
boards making up each panel are fastened together by 
cleats on the back so that the panel can be handled as a 
unit before it is attached to the fence. It is fastened to 
the fence by driving zinc-coated nails or screws through 
the boards into the supporting framework. If panels 
are mounted against lumber sheathing or if both north 
and south sides of the fence are covered with test panels 
it is not necessary to paint the backs of the panels but 
if only the south side of an open fence is utilized the 
backs of the panels should be painted with two coats of 
exceptionally durable paint, such as aluminum paint. 
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LAY-OUT OF TESTS 


Exposure tests are made to best advantage when a 
fairly large number of related tests are started at one 
time. By careful attention to the lay-out of such 
groups of tests it is often possible to weave together 
several problems in such a way that each one can be 
studied more adequately than would be possible if each 
problem were worked out separately at different times. 

An excellent illustration of well-planned lay-out is 
afforded by a test fence at St. Paul, Minnesota, erected 
by the Northwestern Paint & Varnish Production Club, 
the Minnesota chapter of the Master Painters’ Associa- 
tion, the Paint, Oil, & Varnish Club, and the Retail 
Lumbermen’s Club of the Twin-Cities (3d). The 
principal object was to study the optimum proportions 
of pigments, linseed oil, and turpentine in priming-coat 
paints. Panels consist of four boards of 6-inch bevel 
siding each 12 feet long. On unit 1 of the fence, for 
example, there are two such panels of redwood. Each 
panel is marked off into 6 test areas, each 2 feet long. 
The third test area of each panel is the “‘control’’ area, 
which is painted with three coats of white lead paint 
following proportions considered most representative of 
good practice among painters. On the first panel test 
areas 1, 2, 4, and 5 are painted with three coats of the 
same kind of paint except that the priming coat was 
mixed with four different ratios of linseed oil to turpen- 
tine and on test area 6 the priming coat was an alumi- 
num paint, the second and third coats being the white 
lead paint. On the second panel test areas 1, 2, and 
4 were painted with two coats of paint only and the 
paint is, therefore, mixed with a relatively high pro- 
portion of pigment, the ratio of linseed oil to turpentine 
in the priming coat being different for each area; areas 
5 and 6 were primed with pigment-rich mixtures but 
were painted with three coats of paint. By comparing 
the results on each test area with those on the “‘control’”’ 
area of the same panel, comparisons can be drawn fairly 
throughout the series. 

This group of tests, requiring 12 test areas, is re- 
peated on north and south sides of the fence. It is 
then repeated, again on both sides of the fence, on 
panels of western red cedar, northern white pine, and 
Norway pine. Finally the entire procedure is repeated 
with a white paint containing zinc oxide and white 
lead and repeated once more with a white paint con- 
taining titanium pigment and zinc oxide. Thus there 
are in all 288 test areas assigned to this study. The 
large number of test areas, however, is abundantly 
justified by the assurance that definite conclusions 
about the primary objective will be reached at the end 
of the necessary exposure period. In addition, the ade- 
quate scale on which the work has been done will yield 
additional conclusions about (1) the relative merits of 
two-coat and three-coat painting, (2) the merits of 
aluminum priming paint, (3) the paint-holding qualities 
of four species of wood, and (4) the relative merits of 
three kinds of linseed oil paint. The three paints can 
be compared even though they are not applied to 
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“matched specimens’ of wood because each of them is 
applied to a sufficiently large number of test areas, they 
are applied in a variety of ways, and the lay-out is thor- 
oughly symmetrical, that is, for each test area of any 
one paint there is an analogous area of each of the other 
paints. 

APPLICATION OF PAINT TO TEST PANELS 

It is best to paint test panels after they have been 
attached to the fence but it is often inconvenient to do 
so when the fence is located at a distance from the 
laboratory. If painted on the fence the priming coat 
should be applied within a day or so after the carpenter 
has attached the panels because even brief weathering 
of wood has been shown to impair the durability of 
paints. . 

Exterior paints applied and allowed to dry indoors 
before the panels are attached to the fence often develop 
a coarse form of paint checking that is not representa- 
tive of the paint when applied under more practical 
working conditions. In its new building the Forest 
Products Laboratory has a large, flat roof with southern 
exposure in front of the painting laboratory. Test 
panels will be fastened temporarily to racks on this roof 
for painting and drying and will later be moved to the 
test fences for permanent exposure. If painting is in- 
terrupted by sudden rainstorms, trucks will be avail- 
able for moving panels with wet paint into the labora- 
tory until the storm passes. 

Test panels should be held in a vertical position while 
painting because mixtures that will cause trouble with 
running, sagging, and beads at the edges of boards will 
reveal their shortcomings in that position. Record 
should be kept of the amount of paint applied per area 
of surface and these spreading rates should fall within 
the range characteristic of practical painting. The 
tendency in many exposure tests has been to apply 
coatings much too thinly (10). 


INSPECTIONS AND RECORDS 


Carefully planned inspections and records made in 
the light of a definite scheme for evaluating paint service 
are necessary if exposure tests are to be fruitful, yet all 
too frequently investigators have seriously neglected 
this aspect of the work. There are as yet no generally 
accepted standards of procedure although some prog- 
ress in that direction is being made. 

Paints fail through a gradual development of numer- 
ous defects, the mechanism and significance of which are 
not yet well understood (11a), (11d). Since none of 
them can be measured strictly objectively and quanti- 
tatively the inspector must necessarily resort to per- 
sonal judgments that are largely subjective in charac- 
ter (11d). Such methods of observation are usually 
foreign to the training of the graduate in chemistry and 
yet, if his work lies in the development of house paints, 
they are essential for determining the value of the prod- 
ucts of his labor. Paint inspection, therefore, is a 
highly specialized art that should be undertaken only 
after present knowledge of the subject has been mas- 
tered and a definite plan of procedure has been adopted. 
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If possible, the responsibility for all inspections for 
any one organization should rest in one man. If the 
work must be shared all inspectors must first of all agree 
upon a satisfactory system of judging to which they 
must adhere conscientiously if their results are to agree. 
It is further necessary that they periodically check their 
judgments against each other. To do so a fairly large 
group of panels representing a wide range in paint 
deterioration should be inspected independently by 
each inspector. Their results should next be compared 
and finally discrepancies should be reconsidered by 
going over the questionable panels together. Groups of 
inspectors should never set out upon a fence inspection 














THE NATURE OF THE Woop Is AS IMPORTANT AS THE NATURE 
OF THE PAINT IN DETERMINING THE LIFE OF A PAINT COATING 


This illustration shows a test area made up of three boards of 
the same species of wood painted with the same kind of paint. 
The bottom board is the heaviest and has the widest bands of 
summerwood; the middle board is the lightest. The illus- 
tration shows also the very small photographs used by the 
Forest Products Laboratory for making records of inspections 
and the enlargement obtained from it. 


together, especially if they have nat been schooled in a 


common system of judgment. The discussions that 
arise make it almost impossible for any one of them to 
adhere consistently to one plan throughout the inspec- 
tion and the results of such group inspection are less 
useful than those made independently by any one of the 
group. 

The Forest Products Laboratory makes three detailed 
inspections a year of its test fence at Madison and makes 
other observations between times to watch for signifi- 
cant developments that may call for additional record. 
More distant stations cannot be visited so frequently 
but are inspected at least once each year. The system 
of judging test panels and the plan for recording and 
evaluating data followed by that Laboratory have al- 
ready been published in detail elsewhere (11c). 































A PHOTOGRAPHIC RECORD OF A TEST AREA SHOULD ALWAYS 
BEGIN WITH A VIEW OF THE ENTIRE AREA BUT IT Is OFTEN 
DESIRABLE TO SUPPLEMENT IT WITH CLOSER VIEWS SHOW- 
ING DETAILS OF TYPICAL PAINT DEFECTs, SucH As THIS 
ONE WHIcH SHOWS PAINT ‘‘CHECKING” 


The area included in this view is about 22/; by 2!/, inches. 










A very generous use of photographic illustrations is 
a necessary part of the record of exposure tests. Good 
photographs of test panels are difficult to take and must 
always be regarded as supplements to written records 
rather than substitutes for them. A photograph that 
shows the entire area of a test panel or test area fails to 
reveal minute defects that are significant in the written 
record. On the other hand photographs or photomicro- 
graphs of limited portions of a test area may give a very 
misleading impression of the areaasa whole. An excel- 
lent plan is to photograph the entire test area and to 
supplement this with photographs or photomicrographs 
of small portions of the area having typical defects. 

It is usually necessary to take a very large number of 
photographs of which only a few will ultimately appear 
in final reports or publications. With a view to econ- 
omy and compactness of records the Forest Products 
Laboratory’ has adopted a camera for photographic 
records in paint panel inspection that uses standard mo- 
tion-picture film stored in cartridges for daylight load- 
ing. Each exposure occupies the space of two frames of 
the usual motion picture, making a contact print about 

1 by 11/2 inches in size. From 35 to 40 exposures can 
be made with one loading of the camera. Test areas 
16 by 24 inches in size fill the field when taken from a 
distance of about 3'/2 feet. The camera has an ac- 
curate range finder for adjusting the focus rapidly with- 
out using a measuring tape. The F 3.5 lens permits 
snapshots even on very cloudy days so that it is rarely 































JouRNAL OF CHEMICAL EDUCATION 


necessary to use a tripod. An auxiliary lens that can 
be quickly slipped in place adjusts the camera for taking 
photographs at a distance of 9°/s inches, which is easily 
measured off with a foot rule; the area photographed 
at this distance is about 2?/; by 4 inches; that is, it is 
about */s actual size in the contact print and may easily 
be enlarged to full size or to twice actual size. With 
this equipment, which can be carried in an overcoat 
pocket or in a corner of a brief case, the writer often 
takes less than half an hour to photograph a test fence 
requiring 100 exposures. The contact prints are about 
the size of two common postage stamps so that a com- 
plete photographic record for a test area can be mounted 
on one 8-by-10 inch sheet which, together with the 
standard form of inspection record (11c), provides the 
entire history of the area on two sheets of paper. Al- 
though the contact prints are so small they show a sur- 
prising amount of detail, especially when viewed 
through a good reading glass, and those exposures 
chosen for closer examination or publication can be en- 
larged to at least 4 by 6 inches very satisfactorily. 


EVALUATION OF RESULTS 


An exposure test should lead to a decision about the 
durability or at least the relative durability of the paint 
tested. Few experimenters in the past have attempted 
to bring their work to such conclusion. As a rule they 
have been content to describe what happened and to 
leave it to others to draw their own conclusions. 
Evaluation of the results of exposure tests is admittedly 
a very difficult and complex problem but those most 
familiar with the facts should accept most responsibility 
for dealing with it. 

If durability is conceived as the period of time that 
will elapse before users of the paint will renew the coat- 
ing it becomes evident that the behavior of the paint 
itself is only the beginning of the story. The patience 
of the paint user with paint defects or his ability to meet 
the cost of repainting is the center of iriterest. Perhaps 
the chemist needs help from the psychologist and the 
economist to complete his study, but with or without 
such aid he should reach definite conclusions about the 
relative serviceableness of the products he tests. 

The writer’s opinions about evaluating the service- 
ableness of house paints have already been published 
(11c). For the present purpose it is sufficient to 
point out the following classes of paint users whose 
needs must be considered: (1) those who may become 
sufficiently dissatisfied with a paint because of changes 
in appearance, such as soiling and fading, to renew the 
coating before it shows signs of failing to remain intact; 
(2) those who do not repaint until the coating begins to 
disintegrate but repaint before the disintegration goes 
very far; (3) those who may not repaint until the old 
coating has failed very badly and the house has needed 
repainting for several years; and (4) those who never 
bother to repaint atall. For the first group a paint en- 
dures only as long as its appearance satisfies them. 
For the second group it endures as long as the coating 
holds together. For the third group it is less important 
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that the coating endure than it is that the coating fail 
thoroughly, leaving a reasonably smooth surface free 
from patches of partly loosened old coating whose jag- 
ged edges will show through the new coating. The 
fourth group probably is little concerned about paint 
durability. Paints considered durable by the first 
group are often unsatisfactory to the second and third; 
a few good paints are acceptable to the first two groups 
but not to the third; no paint of the present day is 
entirely satisfactory to all groups. 

In considering the requirements of different users of 
paint nothing has been said about protection afforded 
the wood by the coating. Much nonsense has been said 
and written about the subject. In the first place paint 
is impracticable as' a preservative of wood against 
decay by attack of wood-destroying fungi (12). Houses 
are protected against decay by building them so that 
none of the wood becomes wet unless it be temporarily. 
If paint-neglected houses were seriously subject to decay 
paint users of groups 3 and 4 would soon come 
to grief and would be far less numerous. There are 
difficulties with decay in some houses but they occur as 
often where paint is well maintained as they do where it 
is neglected and the remedy lies either in improved con- 
struction of the house or in the use of naturally du- 
rable kinds of wood or of wood treated with toxic pre- 
servatives. 

Unpainted wood or paint-neglected wood is subject 
to a form of deterioration known as wood weathering, 
against which paint affords adequate protection (12). 
The degree of protection afforded by different paints 
can be measured quantitatively and entirely objectively 
by technic that has been published and has been used in 
several laboratories (13). The practical significance of 
paint protection is somewhat uncertain, however. On 
the one hand, it is true that changes in moisture content 
with consequent swelling and shrinking cause a great 
deal of trouble in using wood but, on the other hand, 
many houseowners, especially farmers and wage- 
earners, do not seem to object very much to more or 
less weathered wood. Paint users of group 1 probably 
demand adequate paint protection but their painting 
habits insure adequacy of protection without worrying 
about it. For paint users of group 3, which is probably 
much more numerous if not so conspicuous, protection 
appears to be of minor importance. 


EXCEPTIONAL BEHAVIOR OF PAINT ON SOME HOUSES 


As a rule paint lasts somewhat longer on houses than 
it does on the south side of a test fence because few 
houses are as fully exposed to sunshine as a properly 
located test fence. Some houses will be found in 
nearly every community, however, on which paint not 
only fails more rapidly but fails in a very different man- 
ner than it does on test fences (14). Such failure may 
become noticeable within a few months after painting 
and become pronounced within a year. In typical 
cases the first abnormal development is blistering but 
the houseowner rarely makes complaint at that stage 
and may never notice that it has occurred. Later on 
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the paint cracks and comes off in conspicuous scales 
whose size and shape bear no relation to the bands of 
summerwood beneath. Houseowners’ complaints are 
usually made after this stage has been reached, when 
the surface not only presents a disreputable appearance 
but is very difficult to repaint properly. Abnormal 
paint failure of this kind is caused by moisture collect- 
ing behind the painted boards during the season when 
the interior of the house is kept at a materially higher 
temperature than prevails out of doors. The source 
of the moisture may be leaking joints of one kind or 
another (15) or condensation from air within the hollow 
sidewalls when the air is chilled below its dew point. 

Although the extreme examples of abnormal paint 
failure caused by moisture are easily recognized the less 
well-defined cases are not. The writer has seen houses 
on which the type of paint failure was identical with 
that of similar paint on test fences but the comparatively 
early development of failure suggested that a few boards 
of siding be removed, whereupon the moisture in the 
sidewalls was revealed. Abnormal paint failures 
caused by moisture are so widely prevalent that the 
houseowners of the country are suffering a serious eco- 
nomic loss through unsatisfactory paint service and 
unduly frequent and expensive repainting. Even when 
the cause of the trouble has been discovered, it is still 
impossible to tell many of these houseowners what they 
can do, within their economic means, to prevent recur- 
rence of such difficulties. 

The uncertainties about abnormal moisture failure 
make paint testing on occupied houses difficult as well 
as inconvenient. Normal paint failure is best studied 
by means of test fences. On the other hand, paints 
should also be studied under controlled abnormal con- 


‘‘BLISTERING Box”’ 


For studying the failure of paint caused by the action 
of moisture behind painted woodwork the Forest Prod- 
ucts Laboratory uses small “‘blistering boxes’’ placed out 
of doors in cold weather; the interior of the box is kept 
warm and moist. 
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ditions because some kinds of paint are more seriously 
damaged by moisture than others. The only really 
satisfactory remedy for such conditions lies in research 
that will make it possible to build houses with certainty 
that moisture will not collect in the sidewalls, but mean- 
time houses subject to moisture conditions will have to 
be painted for many years. A technic for studying 
moisture failures is gradually being developed. The 
writer builds test panels of 4-inch bevel siding 15 by 
17 inches in area which are painted and exposed to the 
weather on a test rack for varying intervals of time, 
after which they are subjected to abnormal moisture 
conditions by attaching them in position as the side- 
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Readers who desire to pursue the subject of paint testing farther will find an interesting study by the same author on “Effectiveness 


of Paints in Retarding Moisture Absorption by Wood,” beginning on page 835 of the August Industrial and Engineering 
Chemistry. Do mill-priming and back-priming afford real protection against moisture? This question is answered 


Dr. W. T. Read, Dean of the School of Chemistry of Rutgers University, will direct the program of student courses at the Fourteenth 
Exposition of Chemical Industries to be held at the Grand Central Palace in New York, December 4th to 9th. More detailed 
information, which came to hand too late to be included in this issue, will be presented in the October number. 


for several typical priming formulas. 
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ILHELM OSTWALD was born in Riga on 
September 2, 1853. His father was at that 
time a poor but skilful cooper and his mother 
was a baker’s daughter. Ostwald inherited his skill 
in painting from his father and his love of music from 
his mother. During the seven years that Ostwald 
spent in the Realgymnasium in Riga, many of his 
later characteristics became discernible though, at 
that time, no one was looking for them. He had to 
learn Latin, French, English, Russian, mathematics 
(through analytical geometry), physics, and chemistry. 
Russian was too hard for him and he failed in it al- 
though living in Russia. On the side Ostwald went in 
for painting, music, photography, and fireworks. He 
played the piano to some extent and the viola in a 
string quartet. When Roman candles blew up in the 
oven where they were drying, the small boy was moved 
into the basement. Photography was a bit difficult 
because Ostwald had no camera, no lens, no plates, 
and no money. Also, those were the days of wet 
collodion plates. A camera was made from a cigar 
box, the lens came from his mother’s opera-glass, and 
the developing dishes were made of varnished card- 
board. Broken window panes furnished the glass for 
the plates. Ether and concentrated nitric acid for the 
collodion were made at home as were also ammonium 
iodide and cadmium iodide. It was apparently a hope- 
less undertaking; but Ostwald got his photographs. 
After seven years at the Realgymnasium Ostwald 
entered the University of Dorpat as a freshman in 
January, 1872. He joined the Riga corps and did 
very little work for a year and a half. This did not 
please his father and Ostwald promised to pass one- 
third of the examinations for the bachelor degree at 
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PORTRAIT OF OSTWALD BY KLAMROTH 


the beginning of the next semester, which he did. The 
second third was passed at the end of the sixth semester, 
late in 1874, and Ostwald was so thrilled by his success 
that he backed himself to pass the last third in one 
month. That meant doing two-thirds of the work in 
three years and the last third in one month. He won 
the bet but never got the champagne. The graduating 
thesis was published in 1875 under the title, ‘“The 
Chemical Mass Action of Water.’”’ This was suggested 
by Lemberg and was apparently done under the 
nominal direction of Karl Schmidt. 

Ostwald was given an assistantship in physics by 
von Oettingen because of his interest even at that time 
in physical chemistry. In 1876 Ostwald published in 
Poggendorff’s Annalen a paper entitled ‘“‘Volume- 
Chemical Studies.’’ With this as his thesis he was 
given the master’s degree in 1876. In the oral exami- 
nation Karl Schmidt asked him: ‘If you were to 
write a textbook on chemistry—which Heaven forbid— 
how would you begin it?” This was a good deal like 
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telling a child not to put beans up his nose. Ostwald 
began at once to wonder how he would begin that book. 

The master’s degree at Riga carried with it the 
standing of a privatdozent, though in Germany that is 
the next step after the doctor’s degree. He announced 
a course of lectures, two hours a week, on physical 
chemistry and began collecting data for what was to 
be the ‘Lehrbuch der allgemeinen Chemie.’ Only six 
people took the lectures; but Ostwald was started on 
his scientific and literary career. More volume- 
chemical studies along with measurements on densities 
and indices of refraction furnished the thesis for the 
doctor’s degree, which was awarded toward the end 
of 1878 when Ostwald was just twenty-five years old. 

In April, 1879, Ostwald became engaged to Miss 
Helene von Reyher and the question of a definite 
position became pressing. At the end of 1879 a posi- 
tion became available at a Dorpat high school to teach 
mathematics and science. Ostwald accepted this 
because he could also hold an assistantship at the 
university under Schmidt and thereby continue his 
research work. In after life Ostwald felt that the 
teaching of boys fourteen to eighteen years old had 
been invaluable in showing him how to write his books 
clearly. That may be so; but it is not the invariable 
result of teaching young people. It is more likely 
that Ostwald was the kind of man who would have 
got some profit out of anything that he had to do. 
On the strength of this appointment Ostwald was 
married in the spring of 1880. 

Ostwald had already received some scientific recog- 
nition. Pattison Muir had published in the Philo- 
sophical Magazine an account of the work of Guldberg 
and Waage and of Ostwald on chemical affinity and 
had spoken very highly of it. 

The importance of the results obtained by Guldberg and 
Waage, and by Ostwald must be apparent to every chemist. ... 
Ostwald furnishes chemistry with a new method for solving 
some of her most efficient problems; and Guldberg and Waage 
led the way in the application of mathematical reasoning to the 
facts of chemical science. 


The ‘‘Lehrbuch der allgemeinen Chemie’ was begun at 
Dorpat in 1880. The first half of the first volume was 
published by the end of 1883 and the two volumes were 
printed by the end of 1886. This was a tremendous 
piece of work at the time, though it seems relatively 
insignificant to those who started with the second 
edition. The book was an important factor in Ost- 
wald’s being called to Leipzig. 

In 1881 Ostwald was offered the professorship of 
chemistry at the Riga Polytechnic after Johann Lem- 
berg and Gustav Bunge had declined the chair. Ost- 
wald moved to Riga at the beginning of 1882 and was 
now started on his remarkable career. At Riga he 
developed his thermostat and was then able to start 
on chemical kinetics. He read up on thermodynamics 
and became acquainted with the work of Willard 
Gibbs, to which his attention had been drawn by 
von Oettingen. 

The chemical laboratories in Riga were in the cellar. 
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Ostwald persuaded the governing body to authorize a 
new laboratory and he went to Germany in the Christ- 
mas holidays to inspect the German laboratories. 
Kolbe gave a dinner for Ostwald in Leipzig and ex- 
pressed the hope that Ostwald would some day settle 
there. Although this actually happened later, one 
feels that Kolbe’s dislike of Gustav Wiedemann and 
Eilhard Wiedemann was the chief cause for the remark 
rather than his admiration for Ostwald. 

In June, 1884, Ostwald received the now-famous 
paper by Arrhenius on the conductivity of electrolytes. 
His first impression, like that of many other people, 
was that the proposed concept of electrolytic conduc- 
tion was absolute nonsense. Further study convinced 
Ostwald that Arrhenius had worked out a simple 
method for measuring the chemical affinity of acids 
and bases, the very subject on which Ostwald had been 
working for his whole scientific life. There was no 
apparatus in the Riga laboratory for measuring con- 
ductivity by the Kohlrausch method but Ostwald 
and a mechanician made an apology for one in a few 
days. With this Ostwald measured his whole stock 
of acids and found that the electrical method gave him 
data for the chemical affinity which agreed unexpectedly 
well with those which Ostwald had previously obtained 
from his volume-chemical and thermochemical studies. 
From that time on Ostwald was an enthusiastic ad- 
mirer of Arrhenius and it was what he said on his visit 
to Arrhenius that summer which made it possible for 
Arrhenius to get some money to enable him to study 
in Germany. 

In 1886 Ostwald read a pamphlet by J. H. van’t Hoff 
entitled ‘Etudes de dynamique chimique.’ As Ostwald 
was not an organic chemist, he claims never to have 
heard of van’t Hoff, though it is difficult to see how he 
could have avoided knowing that van’t Hoff redis- 
covered the mass law ten years after Guldberg and 
Waage. Ostwald was naturally surprised to find that 
van’t Hoff was farther along in chemical thermo- 
dynamics than himself. 

The success of the “‘Lehrbuch’’ made the publisher 
willing to consider publishing a new journal to take 
care of the new work in this field. Ostwald inquired 
among his friends as to the advisability of such an 
undertaking and was told by everybody that it was 
absolutely hopeless. One man said that nobody read 
physical-chemical papers even when published in 
regular chemical journals and that consequently no- 
body would ever open a journal devoted exclusively 
to such papers. An attempt was made to convert the 
Journal fur praktische Chemie into a fifty per cent. 
physical-chemical journal with Ernst von Meyer and 
Ostwald as joint editors; but Ernst von Meyer turned 
down that suggestion. In 1886 Ostwald accepted the 
offer of the Leipzig publisher, Engelmann, to start the 
Zeitschrift fur physikalische Chemie the following year. 
J. H. van’t Hoff consented to have his name go on as 
joint editor though he took no active part in the 
editorial work. The first number appeared in Febru- 
ary, 1887. In the preface to the first volume Ostwald 
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quotes from Emil du Bois-Reymond, “In contra- 
distinction to modern chemistry one can call physical 
chemistry the chemistry of the future.” 

In 1887 Professor Hankel retired as professor of 
physics at Leipzig and Gustav Wiedemann took his 
place, leaving vacant the only chair of physical chem- 
istry in Germany. It was impossible to get Landolt, 
Lothar Meyer, Winkler, or van’t Hoff to take the chair, 
so the choice narrowed down to Ostwald and Eilhard 
Wiedemann. Wislicenus and Wundt were in favor of 
Ostwald and he was appointed. Nobody since then has 
questioned the wisdom of the choice. 

In September, 1887, Ostwald moved with his family 
from Riga to Leipzig. The laboratory was officially 
the second chemical laboratory instead of the physical- 
chemical laboratory; and he had to take care of the 
prospective pharmacists. The first difficulty did not 
amount to anything because Ostwald was indifferent 
to names and got along well with Wislicenus who was 
in charge of the first chemical laboratory. The second 
difficulty turned out to be an advantage because 
Ostwald put Beckmann in charge of the pharmaceutical 
work, thereby securing a man who was later known all 
through the physical-chemical world. Beckmann 
proved to be a great asset to the growing laboratory. 

The year 1887 was an important one in physical 
chemistry. The ‘Lehrbuch der allgemeinen Chemie’ 
was published officially in that year, though actually 
the year before; the Zeitschrift fur physikalische Chemie 
was started. Van’t Hoff published his paper on os- 
motic pressure; Arrhenius his paper on electrolytic 
dissociation; and Ostwald began his epoch-making 
career in Leipzig. 

Ostwald saw from the first the significance of the 
work of van’t Hoff and Arrhenius. He worked out 
the Ostwald dilution law and he started Beckmann 
on the freezing-point and boiling-point work. Nernst 
was the first assistant in the physical-chemistry labora- 
tory. There 
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paper on the measurement of the single-potential dif- 
ference between metal and solution by the flowing- 
mercury method. The method did not give accurate 
results because of adsorption from solution by the 
mercury, a thing that nobody took into account at that 
time. Even though not correct, it was a very clever 
piece of work. At that time Ostwald did not know 
anything about reversible electrodes and consequently 
measured without difficulty combinations which he 
afterward declared could not be measured. Under 
Ostwald’s direction Le Blanc measured polarization and 
decomposition voltages, the writer measured the elec- 
tromotive forces of oxidation and reduction cells, 
Brandenburg and Zengelis the electromotive forces 
due to insoluble and complex salts of various metals, 
and Kahlenberg showed that the non-precipitation of 
the hydroxides of the heavy metals in the presence of 
the sugars was accompanied by the disappearance of 
the ions of the metals in question. The work of 
Bredig and Kniipffer tied in with that of van’t Hoff 
rather than with Nernst. 

Nernst considered mercury, mercurous chloride, 
potassium chloride as an electrode reversible with 
respect to the anion and consequently had to consider 
this and silver, silver chloride, potassium chloride as 
representing allotropic chlorine electrodes. Ostwald 
saw that these could be treated as mercury and silver 
electrodes respectively if one took into account the 
solubilities of mercurous chloride and silver chloride. 
This was a great step forward. On the other hand 
Ostwald never saw that the term for the composition 
for the solid mercurous chloride drops out of the equa- 
tion. Consequently one should write the formula 
Hg2Cl, so as to be in harmony with the known formula 
Hge(NOs)2 for mercurous nitrate. 

In 1894 appeared the classical paper by Goodwin on 
the electromotive forces of concentration cells. In 
spite of Planck’s having come out with much the same 
resultsas Nernst, 
the Nernst the- 





were only two 
students, so 
Nernst had 
plenty of time 
at his disposal. 
It was Ostwald 
who started 
Nernst studying 
the relation of 
osmotic pressure 
to diffusion; but 
the application 
of osmotic pres- 
sure relations to 
concentration 
cells was due al- 
most exclusively 
to Nernst’s own 
genius. 

In 1887 Ost- 
wald published a 
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exact theory which is very difficult to apply. The 
Nernst theory had the advantage over the Helmholtz 
theory of seeming to give more information about the 
condition of salts in solution. It is an interesting il- 
lustration of Ostwald’s influence that the chemists who 
pride themselves on what they call exact thermodynam- 
ics have ignored the Helmholtz theory of concen- 
tration cells pretty completely. 

Running a laboratory and a scientific journal was 
not enough to keep Ostwald busy. In 1889 he pub- 
lished the ‘‘Grundriss der allgemeinen Chemie’ and 
started editing ‘‘Die Klassiker der exakten Waissen- 
schaften,’’ writing about a score of the numbers himself. 
In 1892 he published a translation of the fundamental 
paper by J. Willard Gibbs; in 1893 the ‘“‘Hand- und 
Hilfsbuch zur Ausfihrung physiko-chemischer Messun- 
gen,” in 1894 “Die wissenschaftlichen Grundlagen der 
analytischen Chemie;’’ and 1896 the huge book ‘‘Elek- 
trochemie, ihre Geschichte und Lehre.’ In addition he 
was joint editor of the Zeitschrift fur Elektrochemie 
from December, 1894, to June, 1896, having helped found 
the German Electrochemical Society and having been 
its first president. 

When Ostwald told Lothar Meyer that he was writing 
the “‘Grundriss der analytischen Chemie,” the latter 
laughed at him, saying that it was impossible, because 
Ostwald had never published a paper in this field. 
When Ostwald assured him that the book would con- 
tain the first really scientific treatment of the subject, 
Lothar Meyer said that he could not possibly believe 
that before he had read the book. Asa matter of fact 
the general point of view outlined by Ostwald is the 
one adopted nowadays in all teaching of analytical 
chemistry, both qualitative and quantitative. 

In this book Ostwald gave the first scientific theory 
of indicators. It was Roozeboom who emphasized the 
importance of the phase rule; but it was Ostwald who 
made the whole of the work of Gibbs on thermo- 
dynamics and chemistry accessible to the scientific 
public. Ostwald says in his autobiography that the 
English and Americans had to read Gibbs in German 
until Yale University got out a new edition after the 
death of Gibbs. It was characteristic of Gibbs that 
he was “‘too busy’ to write a preface to Ostwald’s 
translation. 

Ostwald considered the book on the history of elec- 
trochemistry the best thing he ever did, partly because 
of the local color introduced by the discussion of the 
personal characteristics of the various leaders. The 
scientific public did not share this view. It is the only 
one of Ostwald’s books which did not go into a second 
edition and which was not translated. 

The first edition of the ‘Lehrbuch der allgemeinen 
Chemie’’ was soon exhausted and a new edition called 
for. The first volume appeared in 1891, the first part 
of the second volume in 1897, and the last part of the 
second volume in 1902. There should have been a 
third volume; but Ostwald’s time and strength were 
not equal to that. The subject had grown faster than 
could be handled by any one man. As Ostwald pointed 
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out, the same thing had happened previously to the 
textbooks of Kekulé, Erlenmeyer, and Fresenius. 
While Ostwald succeeded in nearly everything that 
he put his hand to during the first decade in Leipzig, 
he failed to convince the scientific world in regard to 
the thing that was perhaps nearest his heart, the 
doctrine of energetics. On coming to Leipzig his 
introductory address had been on ‘Energy and Its 
Transformations.’’ Further thought on the subject 
led to the conclusion that ‘‘there is only one thing which 
is common to all fields of science and that is not space, 
time, or mass, but energy.’ In an address given 
before the Naturforscher Versammlung in Liibeck on 
September 20, 1895, Ostwald stated that matter is 
nothing more than a spatial grouping of different 
energies. Concerning the atomic theory he said: 


The previous infertility of the atomistic doctrine has been 
modified and many new facts have come to light as the years 
go by. This eliminates the hypothetical nature of the atomic 
theory and makes it a legitimate branch of experimental physics 
and chemistry. As soon as this development took place, I an- 
nounced publicly that my previous doubts about the advisability 
of the atomic theory were overcome and that its scientific justi- 
fication required no more proof. Energetics is not affected at 
all by this change of front. Since it is the more general concept, 
it is quite independent of whether there are atoms or not... . 
The new theories have had to ascribe mass to energy, the one 
property that had hitherto been the characteristic mark of 
matter. Energy has therefore displaced matter as a concept. 


While the modern wave-mechanics seem to have 
eliminated pretty completely matter as we thought we 
knew it in the last century, Ostwald underestimated 
what could and would be done with kinetic theory. 

Ostwald did not succeed in putting his energetics 
across. It is still too soon to be sure whether his point 
of view was faulty or whether the time was not ripe 
for it, whether it was an error of judgment or an error 
of tact. The battleground has been shifted by the 
opponents to Ostwald’s disadvantage. Ostwald’s fight 
was on the reality of energy and on the non-existence 
of matter apart from energy. The question of atoms 
was incidental as Ostwald himself says. The world 
assumes now that Ostwald’s fight was on the reality 
of energy and on the non-existence of atoms. On that 
basis Ostwald has lost because he admits the existence 
of atoms. The atoms of today do not contain matter 
as apart from energy, so Ostwald has won to that 
extent. The bridge between the two points of view 
was pointed out in the last century by Boltzmann who 
said that he saw no reason why energy should not be 
atomistic. Nobody now questions that electrical 
energy is particulate. In the Faraday lecture, 1904, 
Ostwald admits the possibility of Boltzmann being 
right, though he seems to have repudiated his state- 
ment in regard to the existence of atoms. 

In the second year at Leipzig there was one student 
doing research work as against two the year before. 
The tide turned and the number of advanced students 
increased to thirty which was more than could be 
accommodated properly. This meant one hundred 
students in all in a building designed for fifty. 


(Part II will appear in the October number. ) 





MICROBIOLOGICAL DEVEL- 
OPMENTS OLD and NEW 


E. F. KOHMAN 


Research Laboratories, National Canners Association, Washington, D. C. 


It has been said that the most important bacteriological 
developments have been made by individuals trained in 
chemistry. Pasteur is commonly cited to substantiate 
such a contention. In view of this, an anonymous article 
in Liebig’s Annalen in 1839, in which the most advanced 
views in microbiology are treated with levity and ridicule, 
is a surprise. It 1s here brought out that had it been 
possible to foresee in Liebig’s time the developments of 
today, they would have appeared as fantastic to Liebig's 
contemporaries as the machinations of an unbridled 
imagination. 


+++ + + + 


O MORE remarkable contribution has ever 
entered the pages of a serious scientific journal 
than an article which appeared in Liebig’s 

Annalen in 1839. In view of his immortal fame as the 
father of organic chemistry, it is difficult to realize 
that Liebig’s censorship would permit the appearance 


of such an article which, as far as I can determine, was 
written by Wohler, whose renown in the development 
of organic chemistry is inevitably linked with that of 
Liebig.* Huxley refers to the article as a ‘“‘somewhat 
Rabelaisian imaginary description of the organization 
of the ‘yeast animals’ and of the manner in which their 
functions are performed, given with circumstantiality 
worthy of the author of Gulliver’s Travels’ and brands 
it as the “most surprising paper that ever made its 
appearance in a grave scientific journal...’ It is so 
pungent and scathing in sarcasm and ridicule, yet so 
full of humor, that I give here a very literal translation 
to retain as far as possible the fine shades of meaning 
conveyed by the German diction: 


THE SOLVED RIDDLE OF ALCOHOLIC FERMENTATION 
(A Preliminary Report by Letter) 


I am in the act of unraveling a new theory of vinous fermenta- 
tion. I came upon the trail of this, until now so mysterious a 
change, in the simplest manner in the world and regard it as 
fully settled. This discovery, too, shows again how simple are 
the means of which nature makes use, to bring forth the most 
wonderful phenomenon. I owe thanks to the use of a remarkable 
microscope, which, according to the statement of the renowned 
Ehrenberg, was devised by the distinguished artificer Pistorius. 

Beer yeast, dispersed with water, is dissolved under this 
instrument into endless small pellets whose diameter is scarcely 
1/s00 that of a line, and into fine threads which are unmistakably 


* Editor’s Note: A communication in a similar vein relating 
to the theory of types appeared in Ann., 33, 308 (1840). It is 
signed, ‘‘S. C. H. Windler,’’ but was actually the work of Wohler. 
A translation by Harold B. Friedman appears in J. CHEM. 
Epuc., 7, 633-6 (Mar., 1930). 


a sort of protein material. If one introduces these pellets into 
sugar water, one observes that they consist of the eggs of an 
animal; they swell, burst and tiny animals are evolved from 
them, which multiply with inconceivable rapidity in a most 
unparalleled manner. The form of these animals deviates from 
every one of the 600 hitherto described species; they possess the 
shape of a tiny ‘‘Beindorf”’ distillation flask (without the cooling 
apparatus). The nozzle of the helmet is a sort of sucking pro- 
boscis which is lined on the inside with bristles 4/209 of a line in 
length; teeth and eyes are not noticeable; on the other hand one 
can easily distinguish a stomach, intestinal canal, the anus 
(as a rose-red colored point) and the urinary secretory organs. 
From the moment that they have escaped from the eggs, it is 
observed that these animals gobble up the sugar out of the 
solution; very plainly it is seen as it arrives in the stomach. 
Momentarily it is digested, and this digestion is simultaneous 
with and in a most concise manner distinguishable from the 
evacuation of excrements which follows. In a word these in- 
fusoria eat sugar, evacuate from the intestinal tract alcohol, 
and from the urinary organs carbon dioxide. The urinary 
bladder, in a filled condition, has the form of a champagne 
bottle; in an empty condition, it is a small button; one notices 
after a little practice that a gas bubble forms within it which 
enlarges 10 times; by means of a sort of screw-like rotation 
which the animal can bring about voluntarily by ring-like 
muscles surrounding its body, the bladder is emptied. I consider 
it to be exceedingly probable that herein the same takes place 
as when galvanic electricity is conducted through a wire; it is 
known that according to the opinion of the renowned physicists 
magnetism is generated under such conditions. This, likewise, 
instead of following a straight course, in which it is nowise 
hindered, yet, in accordance with a law of nature, takes the course 
of a spiral. I cite this only as a proof that in fermentation, as 
Dobereiner and Schweigger have shown, magnetism and elec- 
tricity are simultaneously involved. Our experience here proves 
the correctness of their observation which was not supported by a 
powerful microscope. 

Without going further into this hypothesis, one observes 
uninterruptedly a specific lighter liquid rising to considerable 
height from the anus of these animals and out of their enormous 
genital organs there is squirted at very short intervals a stream 
of carbon dioxide. : 

If the liquid is heated to boiling, the fermentation ceases 
because the animals are killed at elevated temperatures. If one 
adds sulfurous acid, an excess of alcohol, a mineral acid, or acetic 
acid, they likewise die and the fermentation is terminated. 
If the quantity of water is too small, 2. e., that of the sugar too 
great, the fermentation, as is known, does not begin. This is 
due to the fact that these little beings, because they cannot 
change their position or only with great strain in the heavy 
liquid, die of indigestion as a consequence of a lack of exercise. 
In order now to give an idea of comparison of the digestive 
power of these animals, I submit the estimate of Thenard, ac- 
cording to which 3 parts of beer yeast (in the dry state) are able 
to transform 200 parts of sugar into alcohol and carbon dioxide. 
The excrement of these animals, which is discharged in 18 hours, 
weighs therefore 66 times as much as the animals themselves. 

Remarkable is the influence of essential mustard oil on these 
animals; if one introduces a few mustard seeds into the fer- 
menting liquid, it is noticeable at once that their activity be- 
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comes less, after a few moments they are lifeless, but after a few 
hours, especially in contact with air, they revive again and the 
fermentation begins with its previous activity. This effect is 
very much like that of anisol, from whose odor, as is known, a 
flea becomes unconscious and remains so until the oil evaporates. 

I have noticed that solanin causes vomiting in these infusoria; 
if one adds solanin to an actively fermenting sugar solution, 
the animals are observed to double up and out of their proboscis 
there streams a liquid which unquestionably is the fusel oil of 
potatoes, for it can be identified in the liquid. The fusel oil of 
the grains and of brandy seems to be exuded from the surface of 
the skin in a sort of perspiration process. There still remains 
one question to be answered, namely, the reason for the ravenous, 
incomparable hunger of these animals for the sugar which they 
assimilate for their bodies. This, too, is clear now. The fine 
threads of protein material already alluded to, and which furnish 
these animals with nitrogen, are consumed and assimilated with a 
proportionate amount of sugar. 

The most remarkable thing is the chemical composition of 
these animals. I subjected to analysis 0.4875 gram (50,000 
million by count) by the usual method with copper oxide and 
duplicate analyses showed that they contained the four elements 
in such a combination as though they consisted of protein (ac- 
cording to the analysis of Mulder), ether, and carbon dioxide. 

This clears up not only their whole digestive process but also 
the hitherto obscure conjecture as to what might become of the 
yeast after the fermentation is complete. As soon as these 
animals find no more sugar at hand, they mutually consume 
one another; everything is consumed except the eggs which pass 
unaltered through the intestinal canal. One has finally yeast 
capable of fermenting again, namely the eggs which remain. 
The last corpses of the animals decompose into ammonia and 
traces of acetic acid. By weight the seeds at the end of fer- 
mentation amount to somewhat less than at the beginning, which 
is self-evident. 

Quantitative data, as well as drawings of the form of these 
animals are to follow in a more detailed treatise. 


It is scarcely necessary to add that the promised 
treatise never followed. Yet Liebig and Wohler 
would probably admit now that the machination of their 
unbridled imagination of a century ago scarcely ex- 
ceeded modern achievements. 

Some recent developments bid fair to rank with 
Leeuwenhoek’s achievements late in the 17th century, 
as the father of microscopy, with Spallanazani’s efforts 
in refutation of the theory of “spontaneous generation,’ 
or with Pasteur’s demonstration of the relationship 
between bacteria and disease. Work of Ryan and 
Arnold, of the University of Illinois, now suggests a 
counterpart to the old theory of ‘“‘spontaneous genera- 
tion.’ These Illinois investigators plated apparently 
sterile body fluids by the so-called Hauduroy method. 
Hauduroy, a Frenchman, proposed a serial plating 
procedure in which the material in question is spread 
on the surface of nutrient agar or some other appro- 
priate solid culture medium. Although no growth 
may be in evidence after two or three days of incu- 
bation, the surface of the medium is mopped up and 
replanted on a fresh surface and the operation repeated 
over and over a considerable number of times, if 
necessary. 

Ryan and Arnold started with ‘‘apparently”’ sterile 
stomach or duodenal smears after feeding various 
strains of yeasts and Bacillus prodigiosus, a bacterium 
chiefly characterized by the formation of a red pigment. 
The first demonstrated growth which they obtained 
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from B. prodigiosus experiments was on the fifth 
transplant in the form of ‘spindle-shaped rods with 
very slender tapering ends,’’ not at all typical of the 
usual growth from this organism. Colonies appeared, 
with “an internal arrangement suggesting a tangled 
mass of threads,” after ten or twelve transplants. 
Pigment appeared on further transplants, until finally 
the evolution of B. prodigiosus to its well-known 
morphology had been accomplished. 

In the yeast experiments the first visible growth 
appeared after two to five transplants, depending 
upon the particular strain of yeast in question. The 
first growth was not typical for yeast, however. It 
sometimes consisted entirely of filamentous forms 
which, upon transplanting, finally resulted in typical 
yeast cells. 

Dr. Arthur I. Kendall, of Northwestern Medical 
School, has thrown further light on the above dis- 
coveries. He has developed a special culture medium, 
designated as K medium, by which he is able to trans- 
form bacteria, visible under an ordinary microscope 
and non-filterable through a stone filter, into so-called 
filterable viruses and again back into the visible 
non-filterable forms. This has been done with the 
typhoid bacillus, with a coccus form of bacteria thought 
to be the cause of influenza, as well as with several other 
species of bacteria. 

Dr. Kendall actually observes the bacteria under a 
microscope change to mere shadows or outlines ac- 
tively swimming about, with two or four minute 
granules in them. Finally the bacterial outline or wall 
completely disappears and only the minute granules, 
which pass through a stone filter and are visible only 
by special lighting facilities, remain. These now con- 
stitute filterable viruses, but by proper culture in his 
special K medium, Dr. Kendail is able to regenerate 
from them the original bacteria. 

Another development along this line is the isolation 
by Dr. C. G. Vinson and co-workers of the Boyce 
Thompson Institute for Plant Research, ‘Yonkers, 
New York, of a filterable virus in a crystalline form. 
A very important step has been taken in the analysis 
and identification of any unknown compound when it is 
isolated in a crystalline form. In this instance, it is 
possible that Vinson’s crystals are a foreign substance 
with the virus in question adhering to them, although 
this would not detract from the medical significance 
of the findings. The filterable viruses have generally 
been considered organisms so minute that they are 
invisible even with the aid of the most powerful 
microscope. They are, however, generally regarded 
as capable of self-propagation. According to Vinson, 
his isolated product is incapable of self-propagation, 
but it is the infectious principle in the mosaic disease 
of tobacco. If this is the true state of affairs, it means 
that a specific, relatively simple substance, placed in 
juxtaposition or symbiosis with a normal cell may be 
the cause of disease. The infective principle may 
thus be an enzyme or other similar product of micro- 
organisms rather than the organism itself. This brings 
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into question the microbial causation of all diseases 
ascribed to ultramicroscopic infections. The basis for 
interesting theories as to the mode of activity of such 
phenomenal substances as the hormones and vitamins 
is also suggested. 

Quite as remarkable have been the transformations 
that have been accomplished with pneumococci, the 
cause of pneumonia. Pneumococci are classified by 
means of serum specificity into four (I, II III, and IV) 
types. A serum which reacts with or gives immunity 
against a certain type is said to be homologous for that 
type, while it is without effect on the other types. 
One characteristic of these organisms is that they are 
encapsulated. Recently it has been shown that the 
chemical basis of ‘the capsules is a carbohydrate or 
polysaccharide of which the chemical composition 
is specific for each type. 

In 1927, F. Griffith, a medical officer of the Ministry 
of Health, England, found that by culturing strains of 
pneumococci in homologous immune serum, attenuated 
or non-virulent forms may be obtained. The character- 
istic smooth colonies of the capsulated organisms 
give rise to rough colonies lacking the capsules. These 
new forms were innocuous when injected into mice, 
and, because of the rough nature of the colonies, have 
come to be termed R-forms, while the smooth colonies 
of capsulated virulent organisms are designated S-forms. 

Griffith later found he could transform one specific 
type of pneumococcus into other types by injecting 
subcutaneously into mice small amounts of a culture 
of living non-virulent R-forms, together with large 
amounts of heat-killed S-forms of a type other than 
that from which the R-forms were derived. Living, 
virulent S-forms of the type of the heat-killed inoculum 
were recovered from the heart-blood of the culture 
animals. Later investigators have been able to per- 
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form this transformation in vitro by culturing the R- 
forms of one type in blood broth containing anti-R 
serum and the heat-killed S-form organisms of the type 
desired. 

Recently J. Lionel Alloway of the Rockefeller 
Institute made extracts from S-forms of the type into 
which the R-forms of another type were to be trans- 
formed. By culturing the R-forms in broth-hog- 
serum medium containing some of this extract, R- 
forms derived from type II were converted into types 
I and III by employing the respective extracts. These 
derived forms were highly virulent. While mice lived 
when injected intra-peritoneally with 0.75 cc. of the 
R-form culture, 0.000001 cc. of the derived S-form 
proved fatal, even upon subcutaneous injection. 

These pneumococci are thus actually disrobed of their 
characteristic carbohydrate capsule and mantled with 
a new cloak. The inner organisms of the various 
types are therefore apparently identical but the 
capsular polysaccharide or carbohydrate determines 
the type specificity. The capsule is thus the all- 
important part of the organism from the medical stand- 
point. Sooner or later, no doubt, the specific substance 
in the capsule of one type that stimulates the non- 
capsulated R-forms of another type to envelop itself 
with a new capsule will be found. So far, it has not 
been possible to bring about the transformation with 
pure saccharides isolated from the capsules. These 
developments may prove of unimagined significance in 
the future treatment of pneumonia. Were they not 
proved facts, they would rank well with Wohler’s 
imaginary yeast cell as “worthy of the author of 
Gulliver’s Travels.” Had the writer of the above 
letter been able to foresee the developments of today, 
he could have written quite as remarkably by adhering 
to facts in minutest detail! 
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EARLY HISTORY of ACETAL- 
DEHYDE and FORMALDEHYDE 


A Chapter in the History of Organic Chemistry 


der organischen Chemie,’’' E. O. von Lippmann 
points out that the history of organic chemistry is 
comparatively little known. Things that happened 
only a little before the era that we may designate as 
contemporary chemistry lie in ferra incognita and when 
questions are asked as to how, when, and by whom even 
important and well-known chemicals were first pre- 
pared, very unsatisfactory answers are obtained. Von 
Lippmann also refers to the fact that our textbooks as a 
rule do not supply us with this information with the ex- 
ception of the older edition of Roscoe and Schorlem- 
mer’s treatise,” the newer edition of the Meyer-Jacob- 
son textbook, and a few other books. Two histories 
of organic chemistry have been written in the German 
language, one by Hjelt (1916) and the other by Graebe 
(1920), but these unfortunately have not been supplied 
with subject indexes, which makes it difficult to use 
them for searching out the history of a particular com- 
pound. Von Lippmann’s ‘‘Zezttafeln’’ helps to fill in 
these deficiencies and is an excellent starting point for 
investigations in the realm of the history of organic 
chemistry. 

Although a great deal has been written on the lives 
of chemists and the history of theories, little has been 
written on the history of chemicals. One often wonders 
just how the various groups of homologous compounds, 
such as alcohols, aldehydes, esters, etc., came to be 
discovered and how their inter-relationships were 
found out. The object of the present paper is to set 
forth the history of two of the most important members 
of such a group of compounds. These chemicals are 
the aldehydes, acetaldehyde and formaldehyde. This 
history is not only of interest because of the chemistry 
that it contains but also because of the interesting side- 
lights it throws on the personalities of some of the 
famous chemists who played a part in the story. 


a THE introduction to his ‘‘Zeittafeln zur Geschichte 


ACETALDEHYDE 


1. Scheele——The first record in the history of acet- 
aldehyde is probably an observation in Carl Wilhelm 
Scheele’s famous paper on magnesia nigra’ which was 
published in 1774. It is not surprising that this should 


1 VON LIPPMANN, “‘Zeittafeln zur Geschichte der organischen 
Chemie,” Julius Springer, Berlin, 1921. 

2 ROSCOE AND SCHORLEMMER, “A treatise on chemistry,” 
vol. 3, Macmillan & Co., Ltd., London, 1882. 


’“The collected papers of Carl Wilhem Scheele,” transla- 


tion by Dossrn, G. Bell & Sons, Ltd., London, 1931, p. 32. 
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have been the case. Scheele might well be called the 
first organic chemist. It was not an accident that the 
discoverer of glycerin, hydrocyanic acid, uric acid, and 
many other organic compounds, made the first-known 
observation in the field of aldehyde chemistry. Scheele 
did not discover the exact nature of acetaldehyde 
nor did he isolate it in a pure state but, as we shall see, 
his observations concerning it were not far from the 
truth. Men sometimes deprecate the work of early 
chemists because they think that with an undiscovered 
domain before them, discoveries were easy, whereas 
they are difficult today. This, however, is not so. 
Discoveries are all around us. A clever scientist and 
accurate observer can still make revolutionary finds 
with nothing more than a test-tube and common re- 
agents. 

In the essay on magnesia nigra, Scheele states that 
‘“‘When a mixture of manganese, spirit of salt or spirit of 
vitriol, and spirit of wine is digested several days in a 
well-closed bottle, and thereafter gently distilled, no 
effervescence arises, but spirit of wine passes over; it 
has, however, and this is noteworthy, a strong smell 
of ether of nitre.’”’ As is now known, acetaldehyde 
must have been one of the main products of this re- 
action. ‘Ether of nitre’’ or ethyl nitrate was prepared 
from alcohol and nitric acid and accordingly contained 
acetaldehyde as an impurity. That Scheele should 
have recognized this odor attests to the accuracy of his 
observations. 

In the treatise, ‘Experiments and Observations on 
Ether’’* Scheele again returned to the study of the prod- 
uct obtained when manganese dioxide and sulfuric 
acid were allowed to act on alcohol. In this essay he 
gives more definite directions for carrying out the ex- 
periment. He says that when spirit of wine (1 ounce), 
manganese (1 ounce), and acid of vitriol (1/2 ounce), are 
mixed and warmed gently, the mixture becomes hot 
of itself and during this action there distils “an ether 
which has a fine smell’’ and that when the fire is in- 
creased vinegar passes over. Another experiment is 
then described in which ether of vitriol (diethyl ether) is 
used in place of spirit of wine. Heat was also evolved 
in this experiment and ‘“‘the ether which is here re- 
covered, except a smaller part, has a finer smell than 
before.’”” As by-products of the reaction, vinegar and 
“aerial acid’’ (carbon dioxide) were obtained. 





4“The collected papers of Carl Wilhelm Scheele,” loc. cit., 
pp. 229-37. 
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Before going further in this discussion, it should be 
emphasized that in Scheele’s day the term ether did not 
have the specialized meaning that it has today in or- 
ganic chemistry. ‘‘By the term ether,’’ says Scheele, 
“there is understood in chemistry a very volatile, pene- 
trating, colorless, aromatic-smelling oil, soluble in 
water.’’ Pure acetaldehyde would meet with the re- 
quirements of this definition better than diethyl ether. 
In the treatise on ether, the preparation of sulfuric 
ether, acetaldehyde, ethyl acetate (‘‘acetic ether’), 
and ethyl benzoate, are described. 

Scheele’s conclusions concerning the reaction of man- 
ganese dioxide, alcohol, and sulfuric acid are of especial 
interest. Since, as he states, it is already known that 
manganese ‘“‘possesses a strong affinity for the inflam- 
mable principle when any acid acts upon it,’’ it is evi- 
dent that ‘‘when this metallic calx, spirit of wine, and 
acid of salt or vitriol come together”... . “‘the man- 
ganese attracts a part of the phlogiston from the spirit 
of wine.” ... . “The heat which becomes so evident in 
the action . . . . is that which in consequence of its 
separation from phlogiston has become free, and con- 
sequently the fine oil of the spirit of wine, ether sepa- 
rates from the water.” .... ‘“The small quantity of vine- 
gar and of aerial acid . . . . arises from the total destruc- 
tion of a small portion of the ether.’”’ If we translate 


these conclusions from the language of the phlogiston 
theory into more modern terms, we find that he has 
said that alcohol on oxidation yields an ‘‘ether’’ (7. e., 


a volatile, aromatic-smelling, water-soluble oil) which 
on further action of oxidizing agents yields acetic acid 
and water. 

The fact that Scheele showed that sulfuric ether was 
oxidized to an ether having ‘‘a finer smell’’ shows that 
he does not consider that the ‘ether which has a fine 
smell” (acetaldehyde) and sulfuric ether are exactly 
the same thing but the distinction is not altogether 
clear. 

Some chemical historians consider the phlogiston 
theory which Scheele espoused as a great impediment 
to the progress of chemistry and even remark that it 
prevented Scheele from making many discoveries. 
This does not seem to be the case. The phlogiston 
theory was a useful tool for Scheele and it did not keep 
him from making discoveries. Theories always impede 
small minds but to larger minds they are of value. If 
there had been nothing to take the place of the phlogis- 
ton theory before Lavoisier, the progress of chemistry 
would have been hindered a great deal. It enabled 
scientists to correlate those processes which we now call 
oxidation and reduction if nothing else, and the above 
instance testifies to its utility. 

2. Fourcroy and Vauquelin.—The recognition of 
acetaldehyde as a chemical individual quite different 
in its properties from sulfuric ether was the result of a 
research carried out by Fourcroy and Vauquelin. 
This was at the end of the French revolution in the days 
when the coup d’etat of Napoleon Bonaparte had just 
made him the first consul of the land. 

The name of Fourcroy brings to mind the revolution 
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and the immortal Lavoisier. Since Fourcroy was a 
member of the committee of public safety at the time 
Lavoisier was killed, many historians have felt that he 
could have saved the life of this famous chemist had he 
wished to do so. Rumors of the time have added 
credence to this belief. However, since there is some 
evidence against this accusation, I am sure that a short 
excursus in the interest of a scientist’s honor will be 
pardoned. 

Fourcroy was made a member of the revolutionary 
convention in the autumn of 1793 when the reign of 
terror was at its height. France was then under the 
absolute rule of Robespierre. In those days it was al- 
most equally dangerous for a member of the convention 
to remain silent or to take an active part in its business. 
In his history of chemistry, Thomson’ states that “‘Four- 
croy never opened his mouth in the convention until 
after the death of Robespierre.”” It was during this 
period that Lavoisier was murdered on the guillotine. 
Later Fourcroy had more influence and was able to save 
the life of Darcet (Rouelle’s son-in-law) among others. 
Darcet did not know until long after who it was that 
had saved him. Finally Fourcroy’s own life was 
threatened and he lost his influence. Cuvier amply 
acquitted this scientist of any guilt as far as Lavoisier 
was concerned. In his ‘‘Eloge de Fourcroy,” he says 
that the charge was urged against him by those who 
were envious of his elevation. ‘‘If in the rigorous re- 
searches which we have made,” says Cuvier, ‘“‘we had 
found the smallest proof of an atrocity so horrible, no 
human power could have induced us to sully our mouths 
with his praise.’ We must now return to the subject 
of our history. 

In the year 1800, one, citizen Dabit, recommended 
an improved method for the preparation of sulfuric 
ether. This consisted in the addition of the black oxide 
of manganese to the mixture of sulfuric acid and alco- 
hol used in making ether by the usual method. Dabit 
believed that ether was produced by the removal of a 
part of the hydrogen in alcohol followed by its oxida- 
tion to water. Hence he believed that the manganese 
dioxide which he used in his ether preparation served 
to facilitate the reaction since it supplied oxygen more 
readily than sulfuric acid. In order to test out Dabit’s 
hypothesis, Fourcroy and Vauquelin checked his ex- 
periments and published their results in an article 
entitled, ‘Sur l’éther préparé 4 la maniére du Citoyen 
Dabit.6 As the product of their preparation, they ob- 
tained ‘‘a liquid whose odor had some analogy with 
that of nitric ether and whose taste was bitter and very 
disagreeable.” This material was found to be com- 
pletely soluble in water, which showed it to be different 
from sulfuric ether. Their product, however, could 
not have been pure acetaldehyde, for they state that 
its density was greater than that of alcohol and that 
more heat was needed to vaporize it than was needed 


5 THomson, ‘The history of chemistry,’’ Colburn & Bentlup, 
London, 1831, vol. 2, pp. 169-70. 

6 FoURCROY AND VAUQUELIN, “‘Sur l’éther préparé 4 la maniére 
du Citoyen Dabit,’’ Annales de chimie, 35, 318 (1800): 
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by ordinary ether. It was probably contaminated with 
alcohol and its trimer, paraldehyde. Analyses carried 
out by passing ordinary ether and Dabit’s ether 
through porcelain pipes convinced them that Dabit’s 
ether contained more carbon, more oxygen, and less 
hydrogen than alcohol which “‘is almost the opposite 
in the case of ordinary ether.’’ They concluded that 





oe , 3 
NOTES er REFLEXIONS 


ANNALES 


Sur l’ether préparé @ la maniére du oit. 
Dabit. 


Par les cit, FOURCROY et VAUQUELIN, 


N OUS n'avons pas besoin de rappeler quel 
est le fondement de la théorie du cit. Dabit ; 
son mémoire précéde cette notice: on cone 
noit également la base sur laquelle repose 
lexplication que nous avons donnée de la pro- 
duction de Péther sulfurique, aoe y 

‘Nous nous bornerons done a faire connoitre 
les résultats que nous. avons obtenus en répé- 
tant quelques-unes des expériences sur les- 
quelles le cit. Dabit s’appuie pour établir ses 
corollaires ; elles suffiront sans doute. Cepen- 
dant , avant d’entrer dans le détail de ces ex- 
périences, nous devons avertir que, dansnotre 
mhémoire, nous n’ayons entendu parler que de 
I'éther sulfurique , bien persuadés dés cette 
époque, que la maniére dont se formoient 
les autres, étoit bien différente. Ainsi, lors 
méme que le cit. Dabit anroit produit de 











FIRST PAGE OF THE FOURCROY AND VAUQUELIN 
ARTICLE ON ALDEHYDE 


Dabit’s ether was indeed formed by the removal of 
hydrogen from alcohol by oxidation but ‘‘this liquor 
does not resemble common sulfuric ether in any way: 
it is an entirely new compound that citizen Dabit has 
discovered but he has not examined its properties 
carefully enough.” 

Fourcroy and Vauquelin thus showed that a new 
compound was formed when alcohol was oxidized by 
manganese dioxide and sulfuric acid and that this com- 
pound apparently contained more carbon, more oxygen, 
and less hydrogen than alcohol. This was indeed the 
case. All that now remained to be done was to deter- 
mine the chemical structure of this new compound and 
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elucidate its exact relations with alcohol and acetic 
acid. The chemical properties which characterized 
it were also yet to be discovered. This was to be the 
work of Justus von Liebig. To Fourcroy and Vau- 
quelin however belong the honor of the discovery of 
acetaldehyde. 

3. Liebig.—From 1800 to 1821, there appears to be 
a lacuna in the history of acetaldehyde broken only 
by Humphry Davy’s discovery of lampic acid.’ In 
his great humanitarian research which led to the dis- 
covery of the Davy lamp, for which he asked no profit 
other than the knowledge of having served his fellows, 
Davy prepared and described what was in reality an 
impure form of acetaldehyde. This work was carried 
out in the year 1815 or shortly thereafter. Davy ob- 
served that when alcohol or ether was placed in the 
flameless lamp (a platinum spiral suspended in the 
vapors of an inflammable liquid mixed with air), a 
pungent vapor which made the eyes smart was gen- 
erated. This substance came to be called lampic acid 
and was later examined by Daniell and Phillips. 
Daniell condensed it to a liquid and observed that 
when this condensate was heated a pungent, choking, 
volatile liquid was first distilled. He noted that its 
vapors when inhaled would seize or grip the breathing 
organs. ‘This is one of the unusual and characteristic 
properties of acetaldehyde. Daniell concluded that 
the substance was neither an acid nor an ether. Later 
Liebig was to show that this liquid was acetaldehyde. 

In 1821, Professor J. W. Débereiner published in 
Schweigger’s Journal fur Chemie und Physik,® that 
he had obtained a new material, which he named 
“oxygen-ether,’’ by the distillation of a mixture of alco- 
hol with chromic acid or a mixture of manganese diox- 
ide and sulfuric acid. This liquid was heavier than 
water but on distillation it gave another fluid lighter 
than water which he called ‘‘light oxygen-ether.”’ This 
latter was a mixture consisting largely of acetaldehyde 
and acetal. The residue from the distillation or “heavy 
oxygen-ether’’ was soon shown by Gay-Lussac to be 
the long-known wine-oil, a mixture of diethyl sulfate 
and hydrocarbons. The “light oxygen-ether’’ was 
according to this chemist a mixture of alcohol, sweet 
wine-oil, and ether. In the next year Débereiner pub- 
lished his procedure for making ‘‘oxygen-ether”’ 
together with a picture of his apparatus. He stated 
that the “‘light ether’’ smelled like ‘‘nitric ether.’’ All 
this had been done before and more thoroughly by Four- 
croy and Vauquelin, but Débereiner apparently did not 
know of their work. The close rapport between the 
German and French chemists which prevailed in the 
early days of Liebig’s Annalen was probably not yet es- 
tablished. 

In 1823!° Débereiner published the fact that ‘‘light 


7 Liesic, ‘‘Ueber die Producte der Oxydation des Alkohols,”’ 
Ann., 14, 160 (1835). 

8 DOBEREINER, ‘‘Verschiedene Untersuchungen,”’ 
Journal fiir Chemie und Physik, 32, 268-9 (1821). 

® DOBEREINER, ‘“‘Apparat zur Darstellung des Sauerstoff- 
aethers,’’ ibid., 34, 124-5 (1822). 

10 D6BEREINER, ‘‘Ueber dem Sauerstoffaether und ein neues 
Harz,” ibid., 38, 327-80 (1823). 
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oxygen-ether” produces a yellow-brown resin when 
treated with alkali or sulfuric acid. This appears to 
be the first published description of an aldehyde resin. 
From this insignificant starting point one might write 
the history of the synthetic resin industry. 

Liebig who was acquainted with Débereiner soon 
began to study the new compound. His first work ap- 
peared in 1832!!in the new Annalen. In this paper he 
showed that “‘light oxygen-ether’’ was a mixture con- 
taining a water-soluble volatile fluid which resinified 
when treated with alkali forming the resin previously 
observed by Débereiner. About this time the latter 
investigator found that his “light oxygen-ether”’ 
formed a crystalline compound with ammonia and com- 
municated this discovery to Liebig, sending him three 
grains of the new compound. It was the study of this 
compound (aldehyde-ammonia) which led to Liebig’s 
discovery of the true nature of acetaldehyde. The re- 
sults of his research were published in 1835! and it 
was in this paper that the new compound was first 
called aldehyde. This name was derived from the term 
al(kohol) dehyd(roxydatus). In the paper is given a 
full account of the chemical and physical properties of 
acetaldehyde. Its relation to alcohol, acetic acid, and 
aldehyde ammonia is clearly elucidated. The chemi- 
cal formula of the new compound is given as deter- 
mined by Liebig’s improved method of making combus- 
tions. The method of detecting aldehyde with am- 
moniacal silver nitrate is also set forth. Débereiner’s 
“light oxygen-ether’”’ was shown to be a mixture of 
acetaldehyde, acetal, and minor impurities. 

In Liebig’s classic paper on acetaldehyde, there is 
only one serious mistake. Liebig believed that there 
was an intermediate oxidation product between alde- 
hyde and acetic acid. He thought that this compound 
was the acidic constituent of lampic acid and named it 
aldehydic acid. He was almost inclined to call it 
acetous acid. That he was uncertain, however, in 
regard to this hypothetical compound is clearly shown 
in his statement that ‘‘in the lack of better facts, the 
theories expressed are only to act as clues to future re- 
search.’’ Heintz and Wislicenus later showed that 
this body was a mixture of acetic acid and aldehyde. 

Liebig’s table setting forth the related chemical 
formulas for acetaldehyde, aldehydic acid, and acetic 
acid is shown below. The hypothetical hydrocarbon 
from which it was believed they were derived is also 
shown. The formulas appear somewhat confusing be- 
cause the atomic weights C = 6 and O = 16 were em- 
ployed. The formula for acetaldehyde is correct as will 
be seen by translating it into modern terms. 

Liebig’s Formula 


CeHe 
C.Hs + H20 


Name 


Unbekannte Kohlenwasserstoffverbindung 
Aldehyd (C4HsO2) 

C,HsO2 + H2O Aldehydsaure (C,HsOs) 

C,H.O; + H:O —_ Essigsaure Hydrat (C4sHsO,) 


11 LieBIG, “Ueber Verbindungen, welche durch die Einwir- 
kungen des Chlors auf Alkohol, Ather, dlbildige Gas, und Essig- 
geist entstehen,’’ Ann., 1, 182 (1832). ‘ 

12 LieBic, ‘Ueber die Producte der Oxydation des Alkohols,”’ 
thid., 14, 1383-67 (1835). 
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In Liebig’s paper, metaldehyde, the crystalline 
polymer of acetaldehyde, is also described. The other 
polymer of acetaldehyde, paraldehyde, was later 
recognized by Fehling. 

With the appearance of Liebig’s paper in 1835, the 
account of the early history of acetaldehyde is complete. 
Although many discoveries in acetaldehyde chemistry 
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were still to be made, the foundation upon which this 
work was to be built up had been laid for all time. 
There followed this, however, a controversy which is 
so typical of Liebig and so characteristic of the early 
days of the Annalen that it cannot be left unmentioned. 

A short time after the publication of the above-men- 
tioned paper, Débereiner published a short article on 
the chemistry of platinum. In this paper, he made the 
following statement: ‘‘These two products (aldehyde 
and acetal) were likewise prepared by J. W. Débereiner 
and analyzed by Liebig.’’ A similar statement was 
also made in Gmelin’s ‘‘Einleitung in die Chemie.”’ 
As can be seen Liebig’s part in aldehyde chemistry was 
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thus reduced to insignificance. Anyone familiar with 
the temperament of Justus von Liebig can picture the 
resultant explosion. A paper entitled, ‘‘Wer ist der 
Entdecker des Aldehyds?’’ (Who is the Discoverer of 
Aldehyde?),!* soon made its appearance in the An- 
nalen. Liebig began his paper with the following 
quotation: ‘‘Wenn diess die Freunde sagen, was kann 
uns Schlimmeres von unsern Feindes geschehen?’’ (If 
our friends say this, what worse can be done by our 
enemies?) In this polemic one can see what Berzelius 
meant when he wrote to Mitscherlich, ‘‘It is his (Lie- 
big’s) misfortune that the devil drives him when he 
takes his pen in hand.’’'4 The whole story of aldehyde 
research as concerned Ddébereiner and Liebig was set 
forth in this paper in terms of biting sarcasm. The 
properties which Dobereiner attributed to “‘light oxy- 
gen-ether’’ are compared with the properties of pure 
acetaldehyde. ‘‘Oxygen-ether’’ boiled at 75°C., alde- 
hyde at 21.8°C.; ‘‘oxygen-ether’’ was not miscible in 
water, aldehyde was miscible in all proportions. The 
paper ends with a characteristic counterblast to the 
impious Déobereiner. 


Débereiner has had in the discovery of acetaldehyde about the 
same position as Newton’s apple in the discovery of gravity and 
the laws of free fall. 


No wonder Liebig’s pen was the fear and wonder of 
his contemporaries. 

Although we must accord the honor of having first 
ascertained the exact chemical nature of acetaldehyde 
to Liebig, neither he nor Doébereiner was right in this 
contention. Fourcroy and Vauquelin were the true 
discoverers of acetaldehyde. At least such appears to 
be the case in the light of our present information. 


FORMALDEHYDE 


As we have already stated, with the publication of 
Liebig’s great work on acetaldehyde in 1835, the ground- 
work for the comprehension of the aldehydic nature 
was clearly laid. In the years that followed, other 
aliphatic aldehydes were discovered and were easily 
recognized as falling in the group of organic compounds 
of which acetaldehyde was the best-known member. 
Aldehydes whose existence had already been observed 
were now comprehended and classified. Propion- 
aldehyde, butyraldehyde, and isovaleraldehyde, among 
others, were discovered before 1860. Formaldehyde, 
however, remained unknown. The ease with which 
methanol passes on oxidation from formaldehyde to 
formic acid and hence to carbon dioxide and water, 
made it difficult to isolate. It is possible that many 
chemists tried to prepare it but they were apparently 
unsuccessful. 

1. Butlerow.—Strangely enough formaldehyde was 
not first prepared by oxidizing methanol but in a re- 
search whose object was the preparation of methylene 
glycol, CH:(OH)2. We know today that this is the 

18 Ligpic, ‘Wer ist der Entdecker des Aldehyds?”’ Amn., 22, 
273-7 (1837). 

14 WILLSTATTER, ‘‘Hundert Jahre Liebig’s Annalen,” Z. angew. 
Chem., 45, 217 (1982). 
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form in which formaldehyde exists in its aqueous solu- 
tions together with a number of polymethylene gly- 
cols having the type formula, 


HO-CH2-0-(CH2-0),-CH2-OH 


Methylene glycol is stable only in aqueous solution and 
when attempts are made to isolate it, solid polymerized 
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Weon dicas diz Prewnde sagen, «a8 hecn ana Schlinmares 
toe wasera Fainder geacheben? 


Ip einer kleinen Schrift von J. W. Dober-iner zur 
Chemie des Platins S. 83 habe ich folgende Stelle ge- 
funden: «Diese zwei Producte (Aldehyd und Acetal) sind 
ebenfalls vond. W. Dibereiner entdeckht and von Liebig 
ahalysirt worden» C€.G.Gmelin in seiner Eivleituog in 
die Chemie, zweiter Band, S. 1507 sagt ferner: «Liebig 
bestatigte die Existenz des von Doberciner entdeckten 
leichten Sanerstoffathers, der nichts cnders als unreiner 
Aldenyd ist.s Zur Beleachtung dieser heiden Satee lasse 
ich hier felgen: 


E:ec Geschichte dec Untdechung 
dea Aldchyds 


4.W. Dobereiner machte in Schweigger’s Journal 
Bd. 32. S. 269 und 970 bekannt, dass mac durch De. 
stillation von concentrirter: Schwefelsaure mit Alkoho! 
und Brauustein eine itherartige Flussighe:t erhalte. welche 
im Wasser zu Boden sinke; er nannte sie seiweren Sauer- 
stoffather. Guy-Lussec hewies, und scine Versuche 
sind spater bestatigt worden, dass dieser schwere dlartige 
Korper nichts anders sey, als das lange gekannte Weinil 
fn einer andern Mittheilung desselben Journals Bd’ 34. 
S. 124 sagt der rcamliche Chemiker. daxs man «als Pro- 
ducte der Destillation von Alkchol, Schwefelsiure und 
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LIEBIG’S POLEMIC ON THE DISCOVERY OF ALDEHYDE 


formaldehyde or the monomeric gas are obtained. 
Butlerow sought to prepare methylene glycol or methy- 
lene alcohol as he called it and obtained formaldehyde. 
He has left us a description of polymerized formalde- 
hyde, formaldehyde solution, formaldehyde gas, and 
most of the fundamental facts of formaldehyde chem- 
istry.'° Unfortunately, he did not realize the full mean- 
ing of his experiments. 

Butlerow treated methylene iodide with silver ace- 
tate and obtained methylene acetate, proving its struc- 


16 BuTLEROW, “Ueber einige Derivate des Iodmethylens,” 
Ann., 111, 242-52 (1859). 
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ture by the manner of synthesis. He noticed the odor 
of formaldehyde which is produced when this com- 
pound hydrolyzes in the nostrils. He hydrolyzed the 
ester with alkali but was unable to isolate the expected 
glycol. By the action of silver oxalate on methylene 
iodide he then obtained a polymerized formaldehyde, 
probably polyoxymethylene, possibly paraformalde- 
hyde. By analysis he showed that this new com- 
pound had the formula (CH;0),. By a mistake made 
in the determination of the density of the vapor ob- 
tained by vaporizing this material, he concluded that 
the compound was dioxymethylene, (CH2O)2. He also 
obtained the new compound by the action of silver oxide 
on methylene iodide, a method of synthesis which 
supplied him with additional evidence of its structure. 
He showed that his compound reduced silver oxide, 
formed a crystalline compound on reacting with am- 
monia (hexamethylenetetramine) and even remarked 
that these and other reactions are those which one 
might expect for the unknown ‘‘formyl-aldehyde.”’ 

2. Hofmann.—August Wilhelm Hofmann, profes- 
sor of chemistry and student of Liebig, was the first 
to prepare formaldehyde by the oxidation of methyl 
alcohol and to prove its structure. To Hofmann, the 
teacher, it seemed bad pedagogy that the first member 
of the aldehyde family should be missing. Accordingly 
he set out to prepare it and succeeded. His paper, 
“Zur Kenntniss des Methylaldehyds,’’'® begins as fol- 
lows: ‘‘ ‘The aldehyde of the methyl group is unknown,’ 
all chemical textbooks announce it, and for twenty 
years, every year have I dutifully made this statement 
to my students.’’ That time, however, was now at an 
end. 

Hofmann prepared formaldehyde by passing a mix- 
ture of methyl alcohol vapor and air over a heated 
platinum spiral, making it in somewhat the same 
manner by which it is now manufactured industrially 
in tank-car lots. By the action of hydrogen sulfide on 
its acid solution, he also made trithioformaldehyde, 
(CH2S)3, and identified it. Ata later date he prepared 
polymerized formaldehyde by evaporating the solution. 
He identified the polymer as identical with Butlerow’s 
“‘dioxymethylene” and as a result of this Butlerow 
checked his vapor density measurements and found 


16 HOFMANN, “Zur Kenntniss des Methylaldehyds,” Ann., 
145, 357 (1868). 
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that they were incorrect.'7 Unfortunately, Hofmann 
reasoned that since thioformaldehyde had a solid 
polymer which he had found to be a trimer, the poly- 
mer of formaldehyde was also a trimer. Hence he 
named it trioxymethylene. Today we know that 
trioxymethylene, (CH2O)3, is quite another substance 
possessing a chloroform-like odor and melting at 60°C. 
and yet the misnomer ‘“‘trioxymethylene”’ is still ap- 
plied to the polymers of formaldehyde—paraformal- 
dehyde and polyoxymethylene. 

With Hofmann’s discovery of formaldehyde, our 
history is complete. The story of how the present 
technical methods of manufacturing formaldehyde de- 
veloped has been ably told by Gunther Bugge.'® 
Those who are interested may turn tohis work. Bugge, 
like most chemical historians, however, seems to under- 
estimate the importance of Butlerow’s work. Text- 
books as a rule never mention him in connection with 
the discovery of formaldehyde. Butlerow proved that 
he had prepared a formaldehyde polymer and though 
he never knew he had depolymerized it, in vaporizing 
it and dissolving it in water he did state in clear 
language all the fundamental facts of formaldehyde 
chemistry seven years before the appearance of Hof- 
mann’s paper on “‘methyl-aldehyd.’’ The fact that 
formaldehyde solutions contain methylene glycol was 
almost implicit in Butlerow’s work. Later investi- 
gators drew the necessary conclusions and it was soon 
accepted as a theoretical possibility and used in inter- 
preting formaldehyde reactions. It was not proved, 
however, until recent years when the absorption spectra 
and the Raman spectra made this possible.'® 

In this history we have tried to show how the chem- 
istry of aliphatic aldehydes as we know it today came 
into existence. Similar histories coeval with this one 
might be written for many other compounds and 
groups of compounds. These stories and their inter- 
relationships make up the history of organic chem- 
istry. Many interesting paths and by-paths await the 
student of chemical history in this field. 


17 HOFMANN, “Zur Kenntniss des Methylaldehyds. II,” Ber. 
2, 152-60 (1869); see also Zentr., 1869, I, 289-94. 

18 Bucce, “Aus der friihen Geschichte der Formaldehyddar- 
stellung,” Chem. Apparatur, 18, 157-60 (1931). 

19 WALKER, “Formaldehyde and its’ polymers,” Ind. Eng. 
Chem., 23, 1220 (1931). 





SOME CENTURY OF PROGRESS EXHIBITS OF INTEREST TO CHEMISTS 


Union Carbide & Carbon Chemicals Corp.—Liquid air, 
acetylene, welding equipment, flashlights, batteries, 
ultra-violet light equipment, alloys, solvents. 

Victor Chemical Works.—A large model reproducing 
in every detail the company’s Nashville blast-furnace 
phosphoric acid plant. The model discharges “‘slag”’ 
and ‘‘acid.”’ 

Abbott Laboratories.—Exhibit stresses the properties 
and applications of the vitamins. 


Mallinckrodt Chemical Works.—Working models 
demonstrating the distillation of mercury and the 
sublimation of iodine. 

National Sugar Refining Co.—Cross-section of a 
complete sugar refinery. ; 

U. S. Steel Corp.—Dioramas showing steps in steel 
production; articles illustrating uses of alloy steels. 

Firestone Tire & Rubber Co.—A complete tire plant 
in operation. 





PUBLIC LIABILITY and 
CHEMICAL EDUCATION 


PARK LOVEJOY TURRILL 


Glendale Junior College, Glendale, California 


Recent decisions of the Superior Courts of the State of 
California indicate very clearly that school districts, under 
the California statutes, are liable for accidents in labora- 
tories and shops where negligence on the part of employees 
can be shown. Several schools have had large judgments 
levied against them. A full-coverage public liability 
insurance policy does not seem to be the complete answer 
to the problem. Adequate steps should be taken to protect 
the students against their own carelessness; for as one 
attorney for the plaintiff put it in a personal injury action: 
“Tt is far better to leave a boy uneducated than to blind 


him.” 
++ eee + 


N TWO cases involving the blinding of an eye in 
school shops in Oakland, one pupil received a 
verdict of sixteen thousand dollars and another a 

verdict of thirty-two thousand dollars, the latter award 
being later reduced by the Supreme Court of the State 
of California to sixteen thousand dollars. 


The Supreme Court of California, in the case of 
Ahern vs. Livermore Union High School District, on Janu- 
ary 30, 1930, held that school districts are liable for any 
injury to a pupil caused by the negligence of a school 


employee. A student of one of the Pasadena schools 
was recently awarded a verdict of fifteen thousand 
dollars, with two thousand to his father for medical 
expenses, by reason of the lodging of a piece of metal 
in the boy’s right eye during an auto mechanics class. 


LEGAL OPINION 
The Los Angeles County Counsel states :* 


Counsel for the plaintiff in his closing arguments in the case 
just described orated with telling effect (on the jury) the serious- 
ness of the injury to the boy in the loss of his eye and the conse- 
quent effect on his whole life, and argued that it is the duty of 
school authorities to have in mind the inexperience and lack of 
skill and attention on the part of young boys, and eliminate from 
the course of study all things which constitute a hazard, saying 
that it is better to leave a boy uneducated rather than to blind 
him. 

We cannot help concede the force of this argument from a 
moral and social standpoint at least, and also realize that the 
same argument made by able counsel is likely to result in verdicts 
against the school districts in similar cases where the injury is as 
serious as the loss of an eye. From a financial standpoint if 
from no other it is advisable to avoid any possible chance of such 
injuries, regardless of whether or not insurance is carried, for a 
few verdicts of this size will result in greatly increased insurance 
premiums on public liability policies. 


* Official communication to all school boards of Los Angeles 
County from County Counsel Everett W. Mattoon. 


With such verdicts facing us, and creating precedents, 
how careful should we be as chemistry instructors in the 
prosecution of laboratory work, and just what steps 
should we take, not only to protect the governing boards 
of our schools and colleges against damage suits but, 
what is far more important, to prevent the permanent 
maiming or disfiguring for life of our students through 
chemical explosions or accidents? 


LIABILITY OF NON-PROFIT INSTITUTIONS 

Some years ago a student in the chemical laboratories 
of Cornell University was injured in an explosion which 
destroyed the sight of one eye. The regular laboratory 
directions involved the performance of two experiments; 
No. 84 on the list employing a mixture of potassium 
chlorate and strontium nitrate, and No. 88, mercuric 
sulfide and calcium oxide. Through some error of 
execution, either that of the student who was injured 
or that of the stockroom dispenser, the chemicals were 
incorrectly combined; potassium chlorate and mer- 
curic sulfide being heated in a test-tube instead of the 
chlorate and strontium nitrate. In the explosion that 
followed the student lost the sight of an eye. 

She immediately brought suit against the university, 
and obtained a heavy judgment in the trial court. 
Counsel for the defense appealed, and the New York 
Court of Appeals reversed the judgment of the lower 
court. As a result the plaintiff was unable to recover 
anything from the university. 

The Deputy County Counsel for Los Angeles 
County,t in reviewing the above case for the writer, 
sums up the decision of Judge Cardozo of the Appellate 
Court as follows. (See 240 N.Y. 328.) 

The court in reviewing the judgment of the trial court, stated 
that since Cornell University is a charitable institution, it has 
the benefit of certain immunities not shared by institutions organ- 
ized for profit. It therefore is immune for liability for errors of 
professors or other members of its staff of teachers. A university 
is not to answer in damages because false or pernicious doctrine 
is imparted to its students or because the warning of the teacher 
on some experiment has been inadvertently omitted and there is 
no adequate distinction between the negligent use of a chemical in 
the course of an experiment and its negligent use or handling in 
preparation for the experiment or dispensing of the chemical. 
While a university owes to its students whatever duty of care or 
diligence is attached to the relation as reasonably implied in the 
nature of the undertaking and the purpose of the charity, yet no 
evidence here showed that the servants of the university were 
guilty of negligence and since only conjecture or suspicion could 
impute negligence to anyone, the university should not be held 
liable. 

} Private communication to the author from Mr. Ernest 
Purdum, Deputy County Counsel of Los Angeles. 
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A FOOL-PROOF CHEMISTRY COURSE? 


A chemistry laboratory constitutes a potential and 
occasionally a very prolific source of accidents. We 
may attempt to make the course ‘‘fool-proof” in high 
schools, but we do not reach that idealistic goal even 
in high schools for reasons which are more or less obvi- 
ous. In college courses it is utterly impossible to plan 
a series of experiments which are danger-proof, for the 
mis-reading or misinterpretation of directions, or, 
what is worse, the disinclination to follow them exactly 
means that accidents are bound to happen, whether the 
family be well regulated or not. 

Last year a student in one of our sections of college 
chemistry heated a mixture of ethyl alcohol and per- 
chloric acid. The directions specifically warned the 
operator not to heat the mixture or attempt to evaporate 
down to dryness, and immediately below, in the notes, 
the author went on to explain that ethyl perchlorate, 
if heated, will explode. 

Needless to say they did. The assistant Dean of 
Women, in rendering first aid to the woman student 
working at the bench across the aisle, picked over fifty 
pieces of broken evaporating dish out of her shoulders 
and back. By some strange streak of fortune the stu- 
dent responsible for the ‘“‘accident’”’ neither lost his 
eyesight nor was badly injured. 

Hence we see that it is not always the man who dis- 
obeys directions who becomes the recipient of the full 
force of an explosion. The neighboring students work- 


ing at the same bench, or those across the aisle, may be 
injured more seriously than the careless one. 

Nor can we all be as canny or as prophetic as a well- 
known professor in a large mid-western university. A 
former student of his related the following tale to the 
writer: 


Be aréccatces was meandering up and down the aisles in the 
organic chemistry laboratory. He stopped at a desk and asked 
the student what he was doing. The latter told him. The pro- 
fessor, in his most delightful manner, casually remarked: ‘I 
think there is going to be an explosion,” at the same time calmly 
dragging the student away with him to a safe distance. Im- 
mediately thereafter there was a terrific blow-up. No one was 
hurt, but it took the thoroughly frightened student all afternoon 
to clean up the laboratory. 


Picture the result if the instructor had been detained at 
another bench a few minutes too long! 


UNAUTHORIZED EXPERIMENTS 


Last fall a senior in a southern California college, 
taking freshman chemistry for make-up science credit, 
set off several small batches of potassium chlorate and 
sulfur in a mortar, even though the stock reagent bottle 
of sulfur was plainly labeled: ‘‘Under no circumstances 
mix sulfur with potassium chlorate, or other powerful 
oxidizing agent.’’ The laboratory instructor, working 
at the blackboard with a small group of students, no- 
ticed the noise emanating from that corner of the room 
but passed the matter up with a disciplinary glare at 
the offending student. (The class had beet filling 
test-tubes with hydrogen that afternoon and had been 
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setting them off by exposing the tubes full of gas to their 
burners.) 

The offending student moved the mortar and pestle 
into an adjoining laboratory, gathered an admiring 
group of chemistry neophytes about him, and pro- 
ceeded to set off a real batch of his proudly prepared 
mixture. 

The heavy mortar and pestle were nearly pulverized 
by the tremendous force of the explosion that followed; 
a bottle containing sodium was blown into the sink, 
causing a succession of smaller explosions; the student 
who performed the unauthorized experiment lost the 
end joint of his right index finger and had his left hand 
horribly mutilated; the ‘‘audience” was badly cut by 
flying glass, and general pandemonium reigned. 

From the standpoint of public liability, the college 
derives protection from a personal injury action in this 
accident from two things; first, the opinion of the New 
York Court of Appeals, which now stands as a precedent 
to protect the governing bodies of “‘non-profit’’ institu- 
tions of learning, and second, from the fact that the 
student was performing an “‘unauthorized experiment.” 

It is quite plain that there is an appreciable hazard 
in the operation of a chemistry laboratory, and at a re- 
cent conference of college instructors in chemistry held 
at Los Angeles, the writer took up this problem of public 
liability and the responsibility resting on those of us 
who have young apprentices of chemistry in our charge. 
The consensus of opinion was that the problem is 
worthy of considerable study. 

The Los Angeles County Counsel further states: 


We have been particularly impressed in observing reports of 
cases of accidents as passed upon by the Appellate or Supreme 
Court with the fact that in practically every case the injured pupil 
has denied ever having received any instructions or cautions, . . . 
and the jury has found against the school district, so that it is 
apparent (from these court decisions), that the instructor’s 
word alone is not sufficient to establish the fact that warnings 
have been given the pupil. We therefore suggest for considera- 
tion the advisability of teaching a set of written instructions and 
warnings to each pupil at the beginning of each term, . . . and 
that the pupil be required to pass a satisfactory written examina- 
tion with his answer signed and preserved on file to prove in case 
of necessity that he had been warned. 


ACCIDENT-PREVENTION METHODS 
' 


Various plans are in use by college and high-school 
chemistry instructors to remedy this condition. One 
teacher gives a true-false type of quiz to all students in 
chemistry at the beginning of the term. It is entitled 
a “Chemistry Accident-Prevention Test,” and is de- 
signed to educate the student in the things he should 
and should not doin thelaboratory.* In private corre- 
spondence with the writer, this instructor states: “It 
is made up so that the answers are so obvious that every 
student: should make a perfect score, as you will per- 
ceive. These (examinations) are signed by the student 
and kept on record to show that the student has had at 
least some training in safety regulations. 


* Copies of these tests, safety rules, and regulations are on file, 
and may be had by communicating with the author. 
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Another instructor disposes of the problem by passing 
out mimeographed directions at the first of the term, 
giving definite rules for the conduct of the laboratory. 
Each new student in chemistry is required to sign a 
statement certifying to the effect that he has read and 
understands the instructions given, and that he has 
learned the location of the first-aid instruction sheet 
and kit. 

At another college all registered students in all 
courses in chemistry are required to sign a lengthy 
statement of rules and regulations. In addition, if of 
age, they are required to sign the following ‘‘release 
slip’’: 

1. I have read carefully the foregoing rules and regulations 
as they apply to the operation of the chemistry laboratories of 


2. I understand them thoroughly. 

3. I will not hold the faculty, the administration, or the Board 
OP ee: Dice os hei , individually or collectively responsible 
in any legal way for any accidents that may occur. I hereby re- 
lease them, one and all, from any legal responsibility for any acts 
of my son/daughter/ward/self. I have cautioned him/her to 
obey the rules and regulations as set forth herein, or to be given 
orally by the instructor in charge. 


Signed 
Parent, guardian, or self (if of age) 


A RELEASE SLIP 


The foregoing release slip has been passed upon by 
attorneys for the Board of Trustees of that college. 
The slips are checked against enrolment lists, and 
are locked up in a fireproof vault for the year. The 
matter does not end, however, with the mere filing 
away of a complete set of release slips. All instructors 
are continually on the lookout for new methods in 
safety-first procedure, and are eternally trying to solve 
the problem of accident prevention, rather than cure. 
Of course, even a release slip does not necessarily pre- 
vent adjudication of a personal injury case. 

As pointed out, the argument that all things which 
constitute a hazard in the course of study should be 
eliminated is untenable, when applied to the prosecu- 
tion of college work in chemistry. The increased ma- 
turity and independence of college men and women 
makes them less vulnerable to accident, but on the other 
hand the much wider scope of subjects covered in the 
curriculum increases the danger to the individual stu- 
dent. This effect is partly compensated by more com- 
prehensive knowledge. The loss of or damage to ma- 
terial properties, books, apparatus, and clothing is 
trivial compared to the irreparable loss of a finger, an 
eye, or even life itself. 


ETERNAL VIGILANCE NECESSARY 


There is little occasion for the chemistry instructor 
to adopt an alarmist attitude toward the problem, 
but there is cause for authorities responsible for a chem- 
istry laboratory, either in industry, school, or college 
to bear in mind continually the old adage: ‘Eternal 
vigilance is the price of safety,’ albeit ample coverage 
liability policies quietly repose in the vault. Heavy 
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judgments against our school districts or colleges— 
unfortunate as they are in their reaction against those 
of us in charge—should not be our chief concern. 
Damage to limb or eyesight, or loss of life cannot be 
measured in terms of economics. 


EARTHQUAKE DISTURBANCES 


In all western states particularly, and in the United 
States in general, the possibility of the earthquake is a 
constant menace (chambers of commerce notwithstand- 
ing). Far-seeing business men on the Pacific coast 
carry earthquake insurance on all.apartment and busi- 
ness buildings, unless actually constructed of concrete 
(Class A construction). In the Santa Barbara earth- 
quake of June, 1925, the professor in charge of chem- 
istry at the State Teachers’ College rushed down to the 
laboratory at 6.15 a.m. to find a heterogeneous mass 
of chemicals and broken apparatus spilled all over the 
laboratory. Damage was estimated at $1000. 

At another college the earthquake problem has been 
temporarily solved by the placement of all reserve 
supplies of white phosphorus (heavily coated with 
molecular copper), metallic sodium and potassium, and 
other potentially dangerous chemicals! in a special wing 
off the main stockroom, apart from other supplies. 
Each container is placed within a larger vessel, so that 
if the inner one breaks the outer will act as a safety 
device. Included in the list of chemicals stored in this 
manner are the di-, tri-, or polynitrated derivatives of 
various organic compounds, such as phenol, benzalde- 
hyde, toluene, cellulose, or benzene. 

These chemicals are not stored on shelves, which are 
liable to rupture or collapse, but on the cement floor itself. 
They are further protected from falling cans or contain- 
ers by adequate shelving placed immediately above. 
The room is kept as dark and as cold as possible.* 

Both earthquake and fire drills are regularly held, 
not necessarily because the latter are required by law, 
but because accident prevention is the ideal to be striven 
toward; impossible, of course, of Utopian attainment. 
We have found that the organic chemistry laboratory 
can be completely evacuated of all personnel in fifteen 
seconds; and in codperation with the fire chief, have 
estimated that an additional ninety seconds would be 
necessary before his equipment would be on the ground 
ready for use. 


UNUSUAL LABORATORY ACCIDENTS 


A few rather rare sources of accidents are listed be- 
low. 

A sample of fat extracted with ether in a Soxhlet 
apparatus exploded while being dried in a drying oven. 





1 COMMITTEE OF NATIONAL FIRE PROTECTION ASSOCIATION 
AND AMERICAN CHEMICAL Society, ‘‘Table of common hazardous 
chemicals,” Textile Colorist, 51, 444 (1929); cf. Chem. Abst., 23, 
2295 (1929). 

* Since this paper was written, southern California has had a 
severe earthquake disturbance. Many chemistry laboratories 


in high schools and colleges have been destroyed. A complete 
report on this seismic upheaval and its relation to chemical educa- 
tion is in process of preparation. 
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Subsequent analysis showed the ether contained di- 
ethyl peroxide.’ 

Innocently sitting on a stockroom shelf, a bottle 
containing 100 g. of benzoyl peroxide exploded spon- 
taneously with total destruction of container and con- 
tents. Attempts to repeat the experiment under simi- 
lar conditions were unsuccessful.* 

An investigator found that thin aluminum foil or 
aluminum bronze is capable of igniting spontaneously 
under the influence of light.* 

A fellow-student of the writer’s, while taking under- 
graduate work in .chemistry, endeavored to pull a 
thermometer out of a cork. The thermometer col- 
lapsed under the strain, the student’s left hand shot 
upward and the jagged edge of the broken thermometer 
cut a deep gash in his eye immediately adjacent to the 
pupil. Permanent blindness in that eye resulted, re- 
gardless of the efforts of the best eye specialists of San 
Francisco. 

OBSOLETE EQUIPMENT 


The danger to students in obsolete equipment was 
pointedly shown in an accident in the chemical engineer- 
ing laboratory of one of our leading universities. An 
open direct-current motor was used to drive the stirrer 
for a hydrocarbon nitrator.. The nitration temperature 
exceeded the safety limit, with the consequent inevit- 
able explosion, and with fatal results to personnel. In 
the editorial decrying the accident, the editor® urged 
that universities and colleges carefully inspect their 


equipment, replacing all that is obsolete, even as the 


2 Demus, HEINRICH, Z. angew. Chem., 41, 426 (1928); cf: 
HETZEL, K. W., ibid., 44, 388 (1931); cf. Chem. Abst., 22, 4821 


(1928). For a similar hydrogen peroxide accident see J. pharm. 
Chem., 6, 410 (1927); of. Chem. Abst., 22, 1476 (1928). 

3 NAMETKIN, S. S., AND KICHKINA, L. S., ‘“‘A case of detonation 
r: a peroxide,” J. Russ. Phys.-Chem. Soc., 62, 2193-4 
1930). 

4 Wotr, Hans, Chem.-Ztg., 54, 796 (1930). 

5 Editorial, Ind. Eng. Chem., 18, 222 (1926); cf. Editorial, 
‘‘Accidents in the chemical industry,” zbid., 19, 331 (1927) 
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professors in their consulting capacities urge their 
clients to bring industry’s equipment down to date. 

In another editorial’ on the subject of laboratory 
safety, the editor recommends: 


First, that an up-to-date first-aid chart (such as the one spon- 
sored by an eastern scientific supply house), be hung on the wall of 
each and every laboratory; 

Second, that stockroom dispensers should be trained sufficiently 
in chemistry to warn students against unsanctioned combinations 
of chemicals passed out by them; and 

Third, that first-aid data in all laboratory textbooks and man- 
uals be tabulated. There is no better place to urge the value of 
precaution as compared with cure than in the student laboratory. 


EYE INJURIES 


An excellent tabulated summary of poisons and chemi- 
cals, and their specific physiological effects on the eyes 
is to be found in the literature.’ Blindness, like death, 
is ‘so permanent.’’ Most of the permanent compensa- 
tion awards granted in the United States for accidents 
are due to loss of eyesight. Every one agrees that eye 
injuries are the most serious, for loss of eyesight is one 
of the most tragic accidents that can befall one. 


HUMAN ERRORS 


So long as human beings conduct the operations of 
chemistry laboratories, just so long will accidents occur, 
for being human, we are not infallible. The problem’s 
only temporary solution lies in full-coverage public 
liability policies, thorough instruction of all students in 
safety-first rules and regulations, a completely checked 
list of release slips, and efernal care to see that students 
not only follow directions exactly, but also see that they 
are prevented from performing unauthorized experi- 
ments. “It is better to leave a boy uneducated than 
to blind him.” 

6 Kditorial, Ind. Eng. Chem., 18, 332 (1926); cf. Editorial, 
ibid., 19, 441 (1927). 

7 HANNuM, J. E., “Protecting the eyes of chemical workers,” 
ibid., 19, 817 (1927). 





DIORAMAS OF RUBBER PLANTATIONS; 


A Century of Progress 
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Though much has been written about the “contract” 
or “job” plan of teaching, little 1s available in the way 
of exact accounts of its use in the teaching of chemistry. 
In the following article the writer explains the theory upon 
which the plan is based, describes in detail the plan itself, 
and furnishes an original ‘contract’ which may be 
copied or reprinted for use in high-school classes. 


+~+ oe +o + 


N MODERN life, the intelligent individual has 
I to be able to find and interpret facts, rather than 

to carry facts in his memory. It is now impossible 
for anyone to understand all of the facts and forces that 
may affect him—but it is possible and necessary for the 
intelligent individual to know how to learn all important 
facts which affect him in a given situation and to know 
how to interpret them and to make proper use of them 
in the solution of his problems. 

The contract plan of teaching is intended to be used 
in such a way as to produce situations and present prob- 
lems similar to those of everyday life as far as possible. 
It is intended that the pupil shall learn through his 
own activities, self-directed as far as his ability will 
permit, and that these activities shall always be di- 
rectly related to real problems. No ‘‘busy work’’ need 
be assigned in a well-organized and properly prepared 
contract. On the other hand, it is conceded that pupils 
must be taught how to work and must be given practice 
in sustained application in the accomplishment of 
some worthwhile task. 

In using the contract plan, the teacher’s function is 
much the same as in other plans of teaching: 


(A) Bringing the pupils to want to learn. 
(B) Providing suitable learning exercises: 

(1) On the C level, the fundamentals of the unit. 

(2) On the B level, additional items providing 
for more personal responsibility and more 
extended experience. 

(3) On the A level, problems which will permit 
entire personal responsibility and provide 
for the play of creative thought, inventive 
ability, and the use of the scientific method. 

(C) Providing adequate means of determining pupil 
accomplishment and securing sustained and active 
pupil interest and coédperation. 


CONTRACT PLAN in 
HIGH-SCHOOL CHEMISTRY 


J. O. FRANK 


State Teachers’ College, Oshkosh, Wisconsin 
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On the C level, the pupils’ activities will be widely 
directed by the teacher; on the B level, they will be par- 
tially directed by the teacher’s suggestions. On the A 
level, the pupil will be expected to find the problems, 
find a way to solve them, and to carry his work to com- 
pletion in a well-organized and effective report. 

The objectives of the complete contract, on the high- 
est level, include the development of: (1) understand- 
ings of the more important facts; (2) increased ability 
to read and understand the assignment, see the prob- 
lems involved, and devise ways of attack upon them; 
(3) the drive to carry forward intelligently the activi- 
ties needed in the solution of the problems; and (4) 
increased ability to organize, interpret, and present 
the evidence discovered and the conclusions reached. 

This plan will be successful only to the degree 
to which the pupils make progress toward complete and 
intelligent self-direction and the attitude of active inter- 
est in all necessary activities. 

Rewards should be distributed on the basis of: 
(1) ability in independent thinking shown, (2) quality of 
accomplishment, and (3) quantity of accomplishment. 

During the past decade, much has been written 
about the contract plan of teaching high-school chem- 
istry. Some teachers, who have used the contract 
plan, are enthusiastic about it; while others have not 
found it an effective scheme of teaching. It seems prob- 
able that the way in which it is used, the conditions 
under which it is used, and the familiarity of the teacher 
with the contract plan all have much to do with the 
teacher’s success. 

The writer is convinced that the plan can be used 
effectively in many schools where poor or ineffective 
schemes are now in operation, and therefore attempts 
here to. describe a “contract” in high-school chemistry 
and explain how it may be used effectively. Since 
nitrogen, sulfur, calcium, and a few other units have 
already been written up as “‘contracts,’’ another unit, 
‘‘Aluminum,”’ is chosen to illustrate this article. 

To make as clear as possible just how the teacher and 
the students work together, under the ‘‘contract’’ plan, 
the unit will be presented so that “Directions to Teach- 
ers’’ and also the actual ‘“‘contract’”’ given to the pupils 
may be mimeographed for school use. Tests for use 
with this contract may be devised by the teacher, or 
copies will be furnished gratis by the writer. 
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THE ALUMINUM CONTRACT 
(A Unit in Elementary Chemistry) 
(4 or 5 days) 


The use of this unit will be effective only in classes where 


the teacher and the pupils have a working understanding of the 
contract plan. 


1st Class Period 
A. THE EXPLORATION. 


The teacher, by means of questions or problems, tests the 
understanding of the pupils regarding the most important 
features of the unit (¢. e., the importance of aluminum in 
modern life, its chemical and physical nature, and the prac- 
tical uses of aluminum products). The purpose is to arouse 
interest, to challenge application, to get active participa- 
tion in the presentation, and to find any major deficiencies 
in foundation. 

(5 to 10 minutes.) 
THE PRESENTATION OR STIMULATION. 

The teacher presents an overview of the unit, giving general 
information, showing importance of aluminum, aluminum 
salts, and aluminum alloys. This is a direct attempt to 
“‘sell” the unit to the pupils—to get them interested, to 
make them feel that they have a fair start on the ‘‘job”’ or 
“contract.’’ Incarrying out this part of the presentation, the 
teacher should use maps; charts; slides; movies; exhibits; 
samples of minerals, manufactured products, and aluminum 
salts; and in fact anything and everything which will help 
in developing interest and in giving the pupils a general 
understanding of the essential items (objectives) of the 
aluminum unit. 

(20 to 25 minutes.) 


PRELIMINARY SURVEY OF THE CONTRACT, 


The teacher now passes out the mimeographed ‘“‘contracts”’ 
which the pupils read through at once. The pupils ask ques- 
tions if they care to do so. Questions may be asked con- 
cerning: the meaning of any part of the contract; sources 
of information; methods of procedure; method of writing 
up the report; or anything else which is not understood. 
(This bears a close resemblance to supervised study in its 
best form.) 

(10 to 20 minutes.) 


2nd and 3rd Class Periods. 
D. INVESTIGATION, ORGANIZATION, ASSIMILATION, APPLICATION. 


Pupils work in classroom, library, and laboratory (and 
sometimes make trips to factory, plant, or museum) carry- 
ing on the investigations outlined in the contract; weighing 
the evidence; writing down tentative conclusions; discuss- 
ing evidence and tentative conclusions with classmates; 
performing experiments to test conclusions reached; and 
preparing a report to show the work accomplished. 

The teacher assists pupils in finding and interpreting evi- 
dence; acts as judge in discussions; inspires pupils to further 
endeavor; encourages when necessary; guides on excursions; 
and at all times acts as general overseer of all activities. 
(All this work is informal. Pupils keep a record of their 
own time and of work accomplished. The teacher, how- 
ever, may ask for a report showing progress at any time.) 


4th Class Period. 


E. 


PRELIMINARY TESTING OF ACCOMPLISHMENT. (Recitation 
or Discussion.) 

The teacher calls a meeting of the class for preliminary 
discussion of difficulties encountered and results accom- 
plished. There is also a brief oral or written quiz. (Most 
pupils have completed the C contract by this time.) Then 
pupils continue their work on the contract. 

- (15 to 45 minutes.) 
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(From the results obtained, the teacher decides whether 
one or two more days are needed, plans accordingly, and 
notifies pupils.) 


5th Class Period. 


F. 


COMPLETION OF THE CONTRACT. 

A continuation of work by pupils on contract, or pupil 
reports before the class on various phases of the contract 
may be in order. If some pupils have completed the A 
contract, they may help pupils who are still on the C con- 
tract. 


Last Class Period. 


G 


(1 


(2 


. FINAL TEST OF RESULTS ACCOMPLISHED AND AWARD OF 


Honors. 


A new-type examination covering the C, B, and A levels 
of the contract will be given. Grades will be awarded ac- 
cording to the work accomplished by the pupils. Some 
teachers will give another day for remedial teaching or 
re-teaching. (As the result of this, another short test may 
be given and further adjustments in grades made.) Some 
teachers will use self-grading tests (or pupils will do grading) 
and complete this contract in 5 class periods. 


Best Additional References 
(Several references are given in the directions to pupils.) 


J. Cue. Epuc., 7, pp. 233, 245, 2376, 2383 (1930); 8, pp. 
182, 613, 689, 743, 9338, 1015 (1931). 

“A short story of aluminum.” Aluminum Goods Mfg. Co., 
Manitowoc, Wis. Free. 

Booklet, ‘‘Combating chemical corrosion.”’ 
pany of America, Pittsburgh, Pa. Free. 


Best Visual Aids 


) 22 slides on aluminum (up-to-date and accurate), also an 
accompanying booklet, W. M. Welch Scientific Company, 
1516 Orleans Street, Chicago, IIl. 

Movie, ‘‘Chemical effects of electricity.” 16 mm. One 
reel. Eastman Teaching Films, 343 State Street, Rochester, 
N. Y. Cost $30.00. (May be rented.) 


Aluminum Com- 


(3) Samples and Exhibits: 


crust. 


a. Exhibit, pamphlet, and pictures. Aluminum Goods 
Mfg. Co., Manitowoc, Wis. Free. 

6. Obtain locally three or four different kinds of clay. 
(Give formulas and probable impurities.) 
Photographs showing process of making porcelain or 
china ware. The Coors Company, Golden, Colo. 
Free. 

Booklets and possibly an exhibit. 
pany of America, Pittsburgh, Pa. 


Aluminum Com- 


(To be given to the pupils in mimeographed form) 


THE ALUMINUM CONTRACT (OR UNIT) 


Aluminum is the most abundant of all the metals in the earth’s 
Because of the widely varied properties of the metal and 


its alloys and the wide usefulness of its compounds, it is one of 
the most important of all of the chemical elements. 


The chief objectives to be attained as the results of the teach- 


ing outlined in this contract are as follows: 


E, 
2. 
3. 


To understand where and how aluminum occurs in nature. 
To understand how the metal is obtained from the ore. 

To gain an understanding of the properties and uses of the 
metal and its alloys. 

To gain an understanding of the properties and uses of the 
most important compounds of aluminum. 

To gain an appreciation of the importance of aluminum, 
aluminum alloys, and aluminum compounds in modern 
life. 
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Best References 


(1) Dutt, C. E., ‘““Modern chemistry,” Henry Holt & Co., 
New York City, 1931, p. 364. $1.80. 
(2) FRANK AND WuiTeE, “‘High-school science terminology,” 
W. M. Welch Co., Chicago, Ill., 1930, p. 9. $2.50. 
(3) Hotes, H., “Introductory college chemistry,” The Mac- 
millan Co., New York City, 1931, p. 477. $3.50. 
(4) McPHERSON, HENDERSON, AND Fow Ler, “Chemistry for 
today,’’ Ginn & Co., Boston, Mass., 1930, p. 462. $1.80. 
(5) Horxins, B. S., “General chemistry for colleges,’ D. C. 
Heath & Co., Boston, Mass., 1930, pp. 648-9. $3.50. 
(6) ‘Development and use of baking powder,” U. S. Dept. 
Agriculture, Circular 138 (Nov., 1930). U. S. Govt. 
Printing Office, Washington, D. C. $0.05. 
(7) Baxer, L. H., “Metals that we eat,” Hygeia, 9, 33-9 (Jan., 
1931). Am. Med. Assoc. $0.35. 
(8) Eppy, W. H., ‘Metals in our foods,” Good Housekeeping, 
89, 96 (Oct., 1929). $0.25. 
(9) Report, “Aluminum utensils,” Sci. Am., 144, 197-8 (1931). 
$0.50. 
(10) Rask, O. S., “‘An introductory story of baking powders,” 
J. Cuem. Epuc., 9, 1340-57 (Aug., 1932). $0.50. 


“C” or “Fair” Contract 
(Minimum Essentials) 
(3 to 6 days) 


By reading, laboratory experiments, or other investigation, 
prepare answers to the following questions and carry out the other 
activities requested. Make rough notes of your results as you 
assemble data. Finally prepare a report in the form of a plan for 
a thirty-minute talk on ‘Aluminum and Its Products” as it 
might he given before a high-school science club, before a women’s 
club, or a business men’s club. Draw up a plan showing just 
how you would give this talk. (You may use equations, outline 
drawings, charts, or diagrams, if any of these-will help you show 
the place and importance of aluminum in our modern civiliza- 
tion.) Use a notebook and enter all data or information just as 
you find it, not afterward. The following questions and problems 
are given to assist you in gathering and evaluating the necessary 
data. 


Questions and Problems 


1. List the five most common minerals containing aluminum. 
Give formulas for these and indicate the percentage of 
aluminum in each. 

2. Give the percentage of each of the five most abundant 
melals in the earth’s crust. 

3. Why do we not extract aluminum from clay? Why was 
aluminum not used until recent years? 

4. Draw a rough map of North America in your notebook, 
outline the states which have produced aluminum ore in 
commercial quantities, and mark the centers where 
metallic aluminum is prepared from the ore. 

5. Give the properties and uses of three different varieties of 
aluminum oxide. What is the percentage of aluminum 
in pure aluminum oxide? 

6. Where is cryolite obtained and what is its chemical formula? 

7. Explain by means of a lettered diagram the apparatus and 
method by which aluminum is obtained from bauxite. 

8. Make a table of important events in the history of alumi- 
num. Give at least five important dates and events and 
three important names. 

9. Why isn’t bauxite reduced with carbon as are many other 
oxides? 

10. Metallic aluminum is widely used in the electrical industries. 
Give at least three reasons for this. 

11. What properties of aluminum cause it to be widely used in 
the manufacture of toys and small objects of all kinds? 


13. 


14. 


15. 


16. 


abe 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 
26. 


27. 


28. 


29. 


30. 


. Chemists consider aluminum to be almost an ideal metal for 


the manufacture of cooking utensils. Give six proper- 

ties of the metal which lead to this conclusion. 

What properties of aluminum make it a desirable metal for 
the manufacture of oil tanks? Why are steel tanks often 
painted with aluminum paint? Why are factory interiors 
often painted with aluminum paint? ‘Why should radi- 
ators not be painted with aluminum paint? 

Why is aluminum paint especially useful as a priming coat 
on new houses? 

Explain by means of a diagram the use of powdered metallic 
aluminum in the ‘‘thermite’ welding process. Give the 
equation involved and explain how the high temperature 
is obtained. 

Explain the use of metallic aluminum in obtaining metallic 
chromium, manganese, etc. 

Large quantities of metallic aluminum are used in the making 
of steel. Explain. 

The remarkable permanence of the luster of metallic alumi- 
num is said to be due to the formation of a very thin coat 
of the oxide which protects the metal from all further at- 
tack. Compare aluminum and iron in this respect. 

Airship girders of duralumin are now coated with pure metal- 
lic aluminum. Why? 

Give the composition, properties, and two uses of mag- 
nalium. Why is this alloy not more widely used? 

Give the composition, properties, and five uses of duralumin. 
Give three reasons why this alloy is used in constantly 
increasing amounts. What is meant by heat treatment 
of an alloy. 

Give the composition, properties, and two uses of aluminum 
bronze. 

Place a small strip of aluminum in a test-tube, cover with 
dilute HCl and heat gently for 2 minutes. Pour the 
liquid into a beaker, cool, and make alkaline with NH,OH. 
Write the equations showing the reactions involved. 

Place a small strip of aluminum in a test-tube, cover with 
dilute NaOH, and boil gently for 2 minutes. Pour the 
liquid into a beaker and cool, make acid with HNO; and 
then alkaline with NH,OH. Explain using equations. 

What is meant by the term “amphoteric’’ ‘:vdroxide? 

Dissolve 5 g. of powdered Al,(SO,)3 crystals in 100 cc. of 
water. Test of this solution with litmus paper. Explain. 
To 5 cc. of the solution, add lime water until the solution 
is alkaline. What is the precipitate formed? Add some 
dust or mud to the remainder of the Al,(SO,)3 solution. 
Now add enough lime water to make distinctly alkaline, 
mix thoroughly, pour into a measuring cylinder or tall 
beaker, and let stand overnight. Give the fundamental 
facts regarding the use of Alo(SOx)3 in the clarification of 
water. 

Mix some dry powdered Al.(SO,)3 with some dry NaHCO;. 
Add water to the mixture. Bubble the gas into lime water. 
Explain. Explain the ‘‘Foamite” fire extinguisher. 

Explain the meaning of the word ‘alum.’ What are the 
four essential parts of an “alum’’? Write the formula 
for potassium alum. 

Anhydrous sodium aluminum sulfate is an ingredient of the 
so-called combination baking powders. Explain how 
CO; is liberated from the soda, 

The use of anhydrous sodium aluminum sulfate produces 

a baking powder which is comparatively slow in its ac- 

tion, the CO: being released during the baking process. 

Why? Alum is not used in baking powders because it 

would be too rapid in action and the CO, would be re- 

leased before the baking process was well begun. Why? 

If baking powders were made from alum, they would not 

retain their strength. Why? Explain the réle of starch as 

an ingredient of baking powder. 
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31. Calculate the amounts of NaHCO; and anhydrous sodium 
aluminum sulfate required to make one pound of bak- 
ing powder yielding 14% of COs. 


82. Calculate the weight of hydrated Al,(SO,)3 and of (NH4)2SO, 
required to make 20 g. of ammonium alum. Weigh 
out required amounts of these salts, dissolve in the least 
possible amount of hot water and let stand overnight. 
Note color and shape of crystals. 


. Boil a piece of clean white cotton cloth in very dilute HCl 
to remove the sizing. Cut into one-inch strips. Rinse 
thoroughly. Dye a piece of this cloth by boiling 3 min- 
utes with a dilute picric acid solution. Dye another piece 
in a similar manner with methyl orange solution. Dye 
similar pieces of white woolen cloth in the same manner. 
Try to wash the dye from each piece of cloth. Explain. 


Boil a strip of clean cotton cloth for 3 minutes in a beaker 
containing a 5% solution of Al,(SO,4)3;. Remove the 
cloth, cool, and wring nearly dry. Now dip the cloth 
into a hot solution of dilute NH,OH and wring nearly 
dry again. What has been precipitated in the fibers of 
the cloth? What is a mordant? 


. Boil the strip of mordanted cloth, prepared in 34 above, for 
5 minutes in 25 cc. of a solution containing 1 g. of alizarin 
in 100 cc. of water. Boil in the same solution a strip of 
unmordanted cloth. Try to wash both pieces of cloth 
free from the dye. Explain. 

. Explain the terms ‘‘direct dyes” and “‘mordant dyes.” 


. What are “‘lakes’’? 


. Explain the importance of silicate of aluminum in the manu- 
facture of brick, pottery, chinaware, and cement. 


How are they prepared? 


When you have finished the work on the “‘C” contract, refer 
again to the list of objectives of the study of aluminum. Sum- 
marize your work and discuss it with others in the class. When 
you are sure of all of your facts, make a brief summary under 
each objective. Make a list of questions you would like to ask 
if the teacher calls the class together for discussion. Submit 
your report to the teacher in charge. If it is approved, begin 
the “B” contract at once. 


“*B” or “Good” Contract 


This is not to be started until the ‘‘C” contract has been en- 
tirely finished. It includes all of the ‘‘C” contract and also the 
following, presented in the form of a written report: 


39. Prepare a list of charts, maps, tables, diagrams, display of 
samples, pictures, etc., such as you would like to use in 
vitalizing and making effective such a talk as outlined 
above in the ‘‘C’’ contract. Describe briefly each of the 
above maps, charts, etc., which you would use. 


40. Explain the steps in the mining and refining of alumina. 


41. How much aluminum by weight might be obtained from a 
ton of bauxite which was 60% pure alumina? 


42. Using a diagram, explain the Hoopes process for refining 
aluminum. 


43. The electrical conductivity of aluminum is about 60% that 
of annealed copper. Aluminum has about one-third the 
density of copper. Compare the weight and size of wires 
of copper and aluminum of equal electrical conductivity. 
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44. It is said that aluminum ranks fifth in importance among the 
metals. What metals are more important than alumi- 
num and why? 


45. Make a list of the twenty most useful objects you can think 
of which may be made of aluminum or aluminum alloys. 
[See J. Cuem. Epuc., 9, 834-9 (May, 1932).] 


46. Write and illustrate with diagrams and cuts a brief account 
of the manufacture of artificial rubies giving all essentials 
of the process. What is artificial corundum? What is 
“alundum’”’? Where are these used? 


When you have finished the work of the ““B” contract, submit 
your report to the teacher in charge. When it is approved, pro- 
ceed at once with the work of the ‘‘A”’ contract. 


“A” or “Excellent’’ Contract 


This is fot begun until all the work on the ‘‘B”’ contract has 
been completed. It includes all of the ‘““B” contract and also 
one of the following: 


47. Actually give a talk of fifteen minutes or more, on aluminum, 
before your class or a group of ten or more people using 
the plan and the illustrative materials which you prepared 
under the ‘‘C’’ and “B”’ contracts. 


or 


48. Prepare tables, diagrams, and all necessary equations which 
are needed to explain the composition and reactions in- 
volved in the use of the three important types of baking 
powder: 


a. Tartrate. 

b. Phosphate. 

c. Combination. (Sodium aluminum 
calcium acid phosphate.) 


sulfate and 


49. Prepare a written report on the use of aluminum silicate in 
the industries. Be sure that your report covers the 
fundamentals of the manufacture of bricks, pottery, por- 
celain, chinaware, and cement. 


or 


50. The most important aluminum salts from a commercial 
standpoint are: 

Alum (potassium and ammonium), used as mordants, 
fire-proofing of fabrics, etc. 

Aluminum chloride (anhydrous), used in organic syn- 
thesis (Friedel-Kraft reaction) and in the cracking 
of oils. 

Aluminum sulfate, used in purifying water and the 
sizing of paper. 

Sodium aluminum sulfate (anhydrous), used in the 
manufacture of baking powders. 


Explain in a written report how the aluminum salts mentioned 
are used in one of the processes mentioned, giving all quan- 
titative relations and demonstrating with actual samples. 


When you have finished the work of the “A” contract, care- 
fully review all the work you have done on aluminum as a prepa- 
ration for a test covering the entire unit. You may attempt 
that part of the test covering the ‘““B” and ‘‘A’’ contracts only 
after your work at these levels has been approved by the teacher 
in charge. Your final grade indicates the quality and quantity 
of your accomplishment. 





The following articles on the subject of aluminum have ap- 
peared in the JOURNAL OF CHEMICAL EDUCATION: 
1. Hosss, “Some commercial applications of aluminum,” 7, 
245-56 (Feb., 1930). 
Homes, “The story of aluminum,” 7, 232-44 (Feb., 1932). 
Howarp, ‘‘Sapphires,’’ 8, 6138-24 (Apr., 1931). 
McAFEE, “The manufacture of commercial anhydrous 


aluminum chloride,” 7, 2376-82 (Oct., 1930). 
McArb_eE, “Aluminum utility exemplified in a modern 
research laboratory,” 9, 834-9 (May, 1932). 
PortTER, “‘Aluminum in the south,” 7, 2383-6 (Oct., 1930). 
WapeE, ‘‘Man-made gems,’’ 8, 1015-26 (June, 1931). 
See also WEEKS, ‘‘The discovery of the elements. 
9, 1396 (Aug., 1932). 


all,” 





A HALF-DOZEN MINERALS 
USED in CHEMICAL INDUSTRY“ 


FRANK L. HESS** 


U. S. Bureau of Mines, Washington, D. C. 


The author describes the occurrence, distribution, and 
use of six substances: Platinum, manganese, chromium, 
vanadium, quartz, and tantalum, all of which are of 
large value to the chemical industry, but of which only 
one, vanadium, is found in sufficient quantity in the 
United States to supply the country’s needs. He also 
gives some data as to costs, prices, and control. 


~+ oe oe oe + 


Y THE word ‘“‘chemist’’ I suppose is meant one 
who purposely changes the form or the compo- 
sition of a molecule. However, it has become 

the fashion to exclude any who do not change molecules 
in the wet way, and apparently a chemical engineer 
must confine himself more or less to the damp variety 
of operations, or he becomes a mill man of some kind. 
Since the days of the great alchemist, Basil Valentine, 
when, about 1500, he wrote the first Chemical Mono- 


graph, “The Triumphal Chariot of Antimony,’! and 
thought he had found several remedies to cure “the 
new French disease,’’? antedating salvarsan by 400 


years, the manufacture of chemicals and the con- 
comitant apparatus, machinery, and buildings have 
grown beyond comparison with the humble beginnings. 

The first, though unconscious, chemist was the first 
cell. A single cell seems to be only carbon, hydrogen, 
and oxygen, but when cells are analyzed in aggregates 
we find a large number of elements in minute quantity 
which are necessary for the cell’s existence but which 
may or may not enter directly into its structure. 

We have much the same condition in our chemical 
manufacturing plants. Numerous metals and non- 
metals are essential in the plant or the processes 
although not entering into the products. I will 
attempt to draw attention to only a few of these 
materials which seem to have some phases of unusual 
interest. 


PLATINUM 


Quantitative analysis, on which all chemical proc- 
esses must depend, requires inert material for con- 


* Published by permission of the Director, U. S. Bureau of 
Mines. (Not subject to copyright.) 

t+ A paper delivered before the meeting of the American In- 
stitute of Chemical Engineers at Washington, D. C., December 
6-9, 1932. 

** Principal mineral technologist, U. S. Bureau of Mines. 

1 Translation by A. E. WartTe from the Latin version pub- 
lished at Amsterdam in 1665. English translation published in 
1893. 

2 Ob. cit., pp. 48, 102, et seq. 


tainers for liquids and fusions. For most of these 
platinum is our standby. It was described by Schaffer? 
in 1752 as ‘“‘white gold, or the seventh metal.’’ In 
those early days of chemistry, means of heating were 
not sufficient to melt the metal, and near the close 
of the 18th century the first platinum crucibles were 
made by changing the metal to the arsenide, shaping 
it, and then driving off the arsenic by heat. Many 
chemists could not make the determinations they 
wished because they could not obtain platinum cruci- 
bles. 

It was not long, however, before platinum became 
a works material. In 1809, Johnson, Matthey & 
Co. furnished the first platinum apparatus for con- 
centrating sulfuric acid, at 16s. or about $3.89 an 
ounce. The mention of that price will give many 
a modern chemist a pang, for he will remember that 
during the Great War the price went to $108 an ounce, 
and in 1920 reached $154 an ounce for refined metal. 

The invention of the oxyhydrogen blowpipe in 
1859 provided a means for melting platinum and as it 
could then be very much more easily worked, it be- 
came commoner in chemical laboratories, and the 
price gradually rose. 

The first platinum came from Colombia, or at least 
from South America. The first mention in the known 
literature of the occurrence of platinum in Russia 
was apparently made in 1826,° but even these notices 
show that in 1824 Russia produced ‘‘286 puds which 
gave 5700 kilogrammes of metal having a value of 
nineteen million 500,000 francs.’’ As we all know, 
Russia later became the controlling factor in the 
platinum industry. 

Still later, Colombia, through the introduction of 
dredges, again became an important producer. In 
Canada a few thousand ounces of platinum were pro- 
duced yearly from the sludges of the electrolytic tanks 
in which nickel was refined, and small quantities were 
produced from placers in various countries. 


3 Roscoz, H. E. AND SCHORLEMMER, C., “Treatise on chem- 
istry,” 6th ed., The Macmillan Co., New York City, 1923, vol. 
2, p. 1450. 

4 Roscog, H. E. AND SCHORLEMMER, C., op. cit., p. 1455. 

5 Hows, Jas. L. anp Hotrtz, H. C., “Bibliography of the 
metals of the platinum group, 1748-1917,” U. S. Geol. Survey, 
Bull. 694 (1919), p. 40. A communication of Humboldt’s was 
published in numerous journals, in which he quoted a supposed 
discovery of large platinum deposits in Chile and refers to the 
workings in the Urals. How much this was news is shown by its 
wide re-publication. Among the 17 re-publications noted is that 
in the Philosophical Mag. (London), 68, 306-7 (1826) which is 
comparatively easy of access. 
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A few years ago deep drilling showed greater deposits 
of copper and nickel below the previously known 
Sudbury nickel deposits, and the new deposits also 
carried more of the platinum metals. In the lean 
year of 1931, 91,643 oz. of the platinum metals, of 
which nearly 45,000 oz. was platinum, were produced 
as a by-product of the Sudbury nickel-copper ores.® 
When ‘happy days are here again,’’ it seems probable 
that the production may reach twice these quantities 
or even more. 

At the same time that the new platiniferous nickel- 
copper deposits were being explored, lode-mines were 
developed in the norite, pyroxenite, and dunite of 
South Africa, which, in 1931, exported 36,545 oz. of 
crude platinum.’ ‘ In the same year 6064 oz. of os- 
miridium® were saved at the Rand mines as a by- 
product of the gold mining. 

During the last twenty years the average annual 
production of platinum from placers (which includes 
the Russian and Colombian outputs) has been 136,300 
oz.° Adding this average output to the product of 
Canadian and South African hard-rock mining for 
1931 makes a total production of about 264,500 ounces 
of platinum metals to supply a world consumption 
falling with the hard times. As would be expected, 
prices fell, and kept falling until they nominally 
reached $23 an ounce, but as a matter of fact the U. S. 
Bureau of the Mint sold platinum sponge for about 
$18 an ounce. The companies concerned met with 
Russian representatives, formed Consolidated Plati- 
nums (Ltd.),!° and the price was raised to $50 an ounce, 
although it has since fallen. One or two other British 
combinations have been able to hold mineral prices 
at high levels for long periods and in this country we 
have also had one or two shining examples. It is 
going to be interesting to see what can be done in 
controlling the price of the platinum metals, in the 
face of the fact that the consumptive demand was ap- 
parently met by current production before the increase 
in output from Canada and the new output from 
South Africa and the fact that the cost of the Canadian 
platinum (a by-product) would seem to be largely a 
matter of bookkeeping. 

Aside from chemists the principal sufferer is the 
American young man with a bride-to-be, for her 
diamond, produced under a remarkably controlled 
industry, must be set in platinum; but owing to their 
state of mind probably she, at least, neither knows nor 
cares what’s happening to the platinum price. 


MANGANESE 


All the steel that is used in the erection of buildings, 
in the manufacture of machines, and for other purposes 


6 Dominion Bureau of Statistics. Preliminary report on the 
mineral production of Canada during the calendar year 1931; 
Ottawa, 1932. 

7 Davis, H. W., ‘Platinum and allied metals in 1931,” 
adv. chap., ‘‘Mineral resources of the United States,’’1931, p. 99. 

8 Loc. cit. 

9 “Mineral resources of the United States.” Platinum chap- 
ters for 1931 and previous chapters. ‘ 

10 Eng. Min. J., 132, 4388 (Nov. 9, 1931). World platinum 
accord announced in London. 
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is treated, during its making, with manganese. In 
the United States the average consumption of man- 
ganese in the manufacture of steel is about 14 pounds 
per long ton. An average annual total of 350,660 
long tons of ferromanganese was imported and made 
in the United States from 1924 to 1930, inclusive, a 
quantity equivalent to about 720,000 long tons of 
manganese ore carrying 50% Mn. Of this quantity 
the average production from domestic ores was 14,231 
long tons, or about 4 per cent.,!! although for ten years 
American manganese miners have been aided by a 
duty of one cent per pound on the contained man- 
ganese in imported ores, equivalent to about 100 
per cent. ad valorem, on high-grade ores, at both present 
and before-the-war prices c.i.f. Atlantic ports. 

Our domestic deposits of high-grade ore are all 
small. In India I have seen a deposit near Nagpur, 
with an outcrop 9000 feet long, part of it 300 feet 
above the general level, and reaching a breadth of 
80 feet. A mile away along the strike is another 
comparable deposit worked by the same company. 
The ore carried 50 to 53.5 per cent. Mn and is one of 
twenty deposits in the area which are controlled by 
the same company. 

The ore can be laid down at a profit at United States 
ports for perhaps less than $10 per long ton.” 

Some one will immediately observe that this ore is 
produced by cheap labor with which Americans cannot 
and should not be compelled to compete. The labor 
used commands very low wages, but low-priced labor 
may be very dear labor. I believe that one Joplin 
shoveler could do the work of ten of the men and 
women I saw loading mine cars, and I feel very sure 
that a similar deposit in this country could be worked 
at very much lower total costs. 

As I have indicated, these deposits were two of a 
considerable number in the Central Provinces, and 





11 Figures compiled from ROBERT H. RrpGway’s ‘‘Manganese 
and manganiferous ores in 1930.’’ Advance chapter from ‘‘Min- 
eral resources of the United States,” 1930, Pt. 1, p. 3i8. The 
figures quoted do not, of course, refer to spiegeleisen or battery ore. 

12 The Central Provinces Manganese Co. (Skinner’s Mining 
Year Book, 1932, pp. 99-100) was organized in 1908 under a 
somewhat different name with a capital of £300,000 in fully 
paid shares. The capital is now £1,000,000, fully paid, and the 
increase of £700,000 has been issued as extra dividends, besides 
which 16 to 25 per cent. per annum ftas been paid up to 1930, 
during which year 17!/2 per cent. free of tax was paid on the 
shares which were 3!/3 times the number in 1908. In 1931 a 
9 per cent. dividend was paid (equal to 30 per cent. on the original 
capital). (Report of 24th Ann. meeting, London Times, Apr. 7, 
1932.) Quotations in the Metal Bulletin (London), Dec. 2, were 
“about 91/2 d. per unit c.i.f.’’ for best Indian ore (52-54% Mn) 
or, with the pound equal to $3.20, $6.59 a ton for 52 per cent. ore. 

L. L. Fermor [‘‘Manganese,’’ Geol. Surv., India Recs., 64, 
200 (1930)] says, “‘the average cost of delivering ore from the 
Central Provinces f.0.b. Bombay increased from about Rs. 14 
per ton in the prewar quinquennial period .. . to about Rs. 24 
(£1 = Rs. 133) during the quinquennium under review (1924— 
1928).”’ This is equivalent to $8.75 per ton and is an average 
including the highest as well as lowest cost mines. Since then 
freights to seaboard have been reduced, the pound has fallen 
from $4.85 to $3.20 and the rupee has followed, so that costs 
are correspondingly lower. 

These costs, as given, are still higher than prewar prices as 
shown by ‘‘Mineral resources of the United States, 1908 to 1914,” 
which gave average prices of Indian manganese ores imported 
into the United States as ranging from $4.70 to $6.35 per ton. 
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the combined Indian companies can possibly supply 
annually 1,200,000 long tons of 50 per cent. manganese 
ores for some years to come. 

On the Gold Coast the Usula mine is equipped to 
supply 900,000 tons of washed ore per year and a 
Postmasberg company in South Africa claims to be 
able to furnish 500,000 tons of 52 per cent. ore, so 
that together the two African companies can carry 
1,400,000 long tons of the world’s need for 50 per cent. 
ore, and the French deposits in the Atlas Mountain 
can produce 100,000" tons. Besides these four sources 
of manganese, Brazil can produce 500,000 tons per 
year,'® the high-grade ores of Java are available, and 
the world can draw on many smaller supplies, including 
those of Cuba, China, and other South African deposits. 

Some persons have been much exercised about the 
Russian deposits, which can at least duplicate the 
Indian output and prices, but the deposits named can 
abundantly supply the world’s needs without a pound 
from Russia.‘ The Russian supply is a form of insur- 
ance to the consumer against any undue rise in price. 

One phase of manganese ore usage should be es- 
pecially interesting to chemists. Annually about 
75,000 long tons of the cream of the manganese ore 
goes into dry batteries.'’ The batteries are in small 
units and after being used the high-grade manganese 
oxide remaining is thrown away. 

I hope that some works-chemist may temporarily 
divert his attention from plastics, rayon, and solvents 
and give us some method of avoiding this waste, which 
like all wastes is abhorrent to the engineer. 


CHROMIUM 


I have just spoken of one of the wastes in the man- 
ganese industry. The fight by chemists and engineers 
against the wastes of corrosion is eternal. The ancient 
alchemists hunted for a universal solvent which nothing 
could resist and we want a universal resistant which 
nothing can dissolve. Elwood Haynes, a chemist and 
metallurgist, an inventor, and a most charming gentle- 
man, was the first to find that an alloy of chromium 
and iron, particularly if not less than 17 per cent. 
chromium, was exceedingly resistant to attack by 
various corrosives. As he told me the story, he applied 
for a patent, but through an error the patent was 
allowed to the representative of a British firm who 
had applied for a patent on a treated alloy. 


13 Correspondence, Common Metals Division, U. S. Bureau of 
Mines. See also DELPORT, VINCENT, ‘‘Manganese ore in Africa 
to be mined on large scale,’’ Steel, 88, 43 (1931). 

14 Saint, Lucien, Iron & Coal Trades Rev., 120, 243 (Feb. 7, 
1930). ‘‘Development of manganese production in Morocco,” 
Am. Metal Market, 36, 10 (Dec. 10, 1929). This article suggests 
an annual output of 200,000-300,000 metric tons. 

18 TRIXEIRA, EmILio, ‘‘Manganese in Brazil,” Eng. Min. J., 
131, 370-3 (1931). 

16 In the report of the Committee of the Mining and Metal- 
lurgical Society of America and American Institute of Mining and 
Metallurgical Engineers on ‘‘International control of minerals,” 
Manganese Section, p. 78, speaking of Russian, Indian, and 
Brazilian manganese deposits, it is said, “it is a comparatively 
easy matter for a combination of any two of the three deposits to 
supply the world’s demand.” 

17 Estimate of J. W. FURNESS, personal communication. 
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The use of the 18 per cent. chromium steels and irons 
and the 18 Cr-8 Ni steels and other types of “‘stainless’’ 
and heat-resistant chromium alloys has become so 
extensive that steel metallurgy is being affected by 
the chromium in remelted steel scrap. Not only that, 
but account of it must be taken in the construction of 
steel-cutting machines and in tools. 

One of the unlooked-for results of an artificial raising 
of prices is illustrated in the use of chromite ores. 
Material carrying no more than 35 or 40 per cent. 
CreO; found a poor market until a comparatively 
high duty was placed on magnesite and magnesite 
products. Since that time many furnaces have been 
lined with low-grade chromite where magnesite brick 
had been used before. 

Chromite is not a plentiful mineral, and it gives a 
shock to a chronic conservationist who believes in 
making the best use of mineral resources to see this 
beautiful metal wasted by making it a substitute for 
a non-metallic substance good for little or no other use. 

Our present supplies of chromite come mostly from 
South Africa, Baluchistan, India, and New Caledonia. 
Turkey and Russia have the other principal supplies. 

We have very few chromium deposits in this country 
that can compete in quality or quantity with foreign 
deposits. In Stillwater and Sweet Grass Counties, 
Montana, there are deposits that it is estimated?® will 
yield 375,000 tons of chromite carrying between 30 
and 40 per cent. Cr2O3, but the market ordinarily 
demands that ore for the manufacture of ferrochromium 
shali carry not less than 45 per cent. Cr2Os. 

Near Placerville, Colorado, considerable quantities 
of sandstone—in the aggregate, possibly several 
hundred thousand tons—are stained a bright green by 
a chromium-bearing mica. Not much information is 
at hand as to the content of chromium, but it is said 
to amount to 1 or 2 per cent. Cr,O;. An industrial 
chemist will some day probably bring the Montana 
material and possibly the Colorado material into use. 

The Cuban lateritic iron ores, as is well known, carry 
between 1 and 2 per cent. of chromium. Some of the 
chromium has been utilized, much has not. During 
the Great War a scheme was developed to extract the 
chromium from the slags of the blast furnaces using 
this ore, but it could be worked only at comparatively 
high prices. Some chemist may yet solve the problem 
and make a large aggregate saving. 


VANADIUM 


One of the characteristics of the inventive chemist, 
as of other inventors, is that he is always looking for 
something else that will do a job better than the sub- 
stance now used; for something cheaper, or just for 
something else. 

Ever since the contact process of making sulfuric 
acid was invented chemists have tried other catalysts 
than platinum and have run the gamut from rare 
earths to cinders. 


18 BuRCH, ALBERT AND BURCHARD, E. F., ‘International 
control of minerals,’ 1925, p. 39. 
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Vanadium, in the form of certain salts, when used 
for a catalyst, has been successful enough to support 
one or more lawsuits. Far be it for a mere geologist 
to compare the virtues of platinum and vanadium 
catalysts, but both are used. Not only has vanadium 
invaded the sulfuric acid field but it is also being used 
in organic syntheses; and of the materials discussed 
in this paper, it is the one substance of which we have 
an adequate domestic supply. 

The production of vanadium has a number of pe- 
culiarities. The first big supply came from Peru, 
where the American Vanadium Co. opened up a de- 
posit of patronite and its alteration products. Pat- 
ronite is a sulfide, probably VS,, that has never been 
found elsewhere. ‘The ore body, which appears to be 
an asphaltite very rich in sulfides, is also unique, and 
the Flannerys of Pittsburgh, who controlled the deposit 
through the American Vanadium Co., made vanadium 
known as a steel-alloying metal. 

It was some years before another regular and large 
supply was developed and it then came from another 
source almost as unique. A dark, greenish gray stain 
in a fairly soft, fine-grained sandstone lying close to 
the railroad in southwestern Colorado attracted the 
attention of some intelligent prospectors, and the color 
was found to be due to the presence of the vanadium 
mica, roscoelite, between the sand grains. The flakes 
of mica were microscopic and of the order of 0.001 
inch or less broad, but the sandstone texture was loose 
enough so that considerable ore carrying 3 to 4 per cent. 
V2.0; was mined and shipped, part of it to England. 

A few miles farther west, mining of the newly dis- 
covered mineral, carnotite, for its radium, was begun 
soon afterward. Carnotite, which is a hydrous potas- 
sium uranium vanadate (K,0-2U03;-V20;:3H2O), was 
accompanied by roscoelite and other unusual vanadium 
minerals, and vanadium was saved as a by-product of 
radium isolation. At one time five companies were 
isolating radium and extracted a total of 202.5 grams. 
They also saved more or less uranium. The Belgians 
put the United States radium industry out of business 
with their immensely richer ores from Katanga, but 
vanadium has been produced until the present year 
from roscoelite deposits on East Rifle Creek near 
Rifle, Colorado. That deposit is exhausted, but others 
exist in the old carnotite fields and will undoubtedly 
be exploited. They are all accompanied by more or 
less uranium and radium, and when these ores are 
worked some chemist is going to reverse the old process 
and save the radium as a by-product. The old process 
was in some ways one of the most remarkable and most 
delicate chemical manufacturing processes ever under- 

taken. The ores exploited by the Standard Chemical 
Co., the largest of the group of radium companies, 
carried about 1.25% U;O0s so that the radium was 
present in the ratio of 1 part to 283,000,000, and when 
operations are again undertaken the savings may be 
made from ore carrying 1 part in 500 or 600 million. 
These last figures are of about the same ratio as gold 
in rock carrying one cent to the ton. 
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The third source of vanadium is in South Africa 
and is from well-known types of deposits, though no 
others of the type have been so large. Descloizite, 
cuprodescloizite, mottramite, and vanadinite found in 
the oxidized parts of lead and copper deposits in south- 
west Africa and the zinc deposits of Broken Hill, 
northern Rhodesia, are mined in sufficient quantity 
to supply the European demand for vanadium. 


QUARTZ 


In the building of absorption towers; vessels too 
large to be made from glass, for corrosive substances; 
for small crucibles in which to melt metals that would 
attack platinum; for the prisms in the finest spectro- 
scopes; tubes for ultra-violet mercury lamps; and uses 
where a glass is needed that will stand high tempera- 
tures quartz is the best material yet found. 

In the absorption towers, jars, dishes, and crucibles, 
the quartz glass need not be clear and is spongy with 
a smooth surface, but lamps and some other apparatus 
need clear glass. 

As is well known, quartz has a bothersome habit of 
beginning to volatilize as soon as it melts and it is 
therefore difficult to fuse quartz particles together 
without a facing of bubbles on each melted fragment. 
Any inclusions of air and the liquids or gases held in 
most quartz expand with the melting of the quartz 
and make flaws. In making the non-transparent 
glasses quartz does not have to be carefully selected 
except to keep it free from the metals and other com- 
bining or soluble elements. Transparent quartz glass, 
however, can be made readily only from comparatively 
large pieces of perfectly clear transparent quartz. 

As quartz is, except feldspar, the commonest crystal- 
lized mineral on the surface of the earth, it would seem 
that there must be many places where clear crystals 
that are both fit and in sufficient quantity for making 
transparent glass could be obtained, but as yet only 
Brazil and Madagascar have produced them, and they 
are bought in Brazil by the quartz glass makers. All 
the great navies also buy Brazilian quartz for making 
submarine detectors. 


TANTALUM 


Twenty-five years or so ago when electrical workers 
were trying to find a more efficient material to replace 
the carbon filament then used in incandescent lamps, 
von Bolton of Charlottenburg developed a tantalum 
filament which was under some conditions much more 
efficient. Trouble was had in finding a sufficient 
supply of high tantalum minerals, but enough for the 
need of the time was found in the desert of western 
Australia. Before the tantalum lamp got a good foot- 
hold, however, brilliant work in the General Electric 
Laboratories enabled a better filament to be made from 
tungsten, a metal which, although easy to reduce, was 
unmeltable in practical work. With the perfection of 
the tungsten filament the tantalum lamp died. The 
manufacture of tantalum also died. 

A few years later, C. W. Balke, one of those geniuses 
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in doing things with the difficult metals, again took 
up the isolation of tantalum and during the period of 
high-priced platinum he made it into electrodes, 
evaporating dishes, and other chemical ware. 

Since then it has been made into tubing, into linings 
for tubes made of other materials, strainers and 
stirrers for various foods and liquids that readily 
attack most metallic substances, and into spinnerets 
for rayon production, which have holes so tiny that 
they are almost invisible to any but the very youthful 
members of the profession. One wonders whether 
every ‘female of the species’ could be clad in silken 
raiment that makes the rainbow and peacock look 
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dowdy if tantalum and platinum were not available 
to substitute for the silkworm. 

I think it can be fairly said that the world has been 
combed for sources of high-tantalum minerals, but 
they are still coming from Wodgina in the Westralian 
desert, as they did for tantalum filaments. And now 
it looks as if Dr. Balke has given us tantalum’s back- 
ward twin, columbium, to use, but we haven’t found 
out quite what to do with it. 

I have promised to confine this discussion to a few 
of the minerals, and I do. However, others used and 
their applications in the chemical industry are legion 
and are quite as interesting. 





ADAPTABLE ELECTRONIC MODELS 


SIDNEY J. FRENCH 


Colgate University, Hamilton, New York 


ODELS of one type or another have been used 
to illuminate the atomic and molecular theories 
since the days of Dalton. They represent the 

scaffolding supporting the abstract concept of the 
theory. Like the scaffolding they must be established 
first and when no longer needed as aids to the mental 
processes they must be removed. When properly used 
they are a most valuable aid in establishing generaliza- 
tions. 

With the advent of the electronic theory of matter 
and with the ever-growing significance of atomic struc- 
ture and periodic relationship becoming rapidly recog- 
nized in newer elementary textbooks, the need for adapt- 
able models, which will carry the student by easy stages 
from the simple atom and molecule to the electronic 
concept in all of 


Many of the models now in use which have played 
important and useful réles in the past do not meet these 
simple criteria. The cubical framework so often used 
is both awkward and misleading. Attention is drawn 
to the framework. The pairing tendency of electrons is 
not illustrated nor are the forces acting between nucleus 
and planetary electrons demonstrated in any way. In 
showing a single valence bond, it is necessary to unite 
the cubes at two corners, thus making it awkward to 
interpret the electron pair as a single bond. When 
several frames are placed together to represent a mole- 
cule, it is well-nigh impossible to discover the molecule 
because of the contortions of the frames. Models in 
which the nucleus is represented by a solid sphere or 
cube with electrons projecting from eight positions are 

somewhat more 





its ramifications, 
becomes increas- 


satisfactory. 
However, similar 





ingly important. 
A satisfactory 
model should be 
simple enough so 
that the mind of 
the observer does 
not dwell unduly 
upon details un- 
related to the 
theory. Itshould 
also permit an 
easy transition to 
the abstract con- 





objections can 
be raised, for no 
pairing is shown 
and two wires or 
arms must be 
used to represent 
one bond. 

In attempting 
to overcome 
these objections, 
the writer has 
developed a 
model which is 








cept and to 
methods used in 
representing the 
concept in com- 
mon practice. 


tened to the nuclear body with pins. 


Atomic MODELS OF THE ELEMENTS LITHIUM TO NEON 
The comparative size of each atom is represented by use of the proper length of 


bond wires and proper placement of cross-arms. 
Labels can be pinned to the balls if desired or 


symbols or formulas may be written on white-headed thumbtacks. 


simple and 
adaptable. A 
pliable rubber 
ball with four 
openings in tetra- 


The helium pair of electrons is fas- 
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MOoLeEcuLAR MODELS OF METHANE (LEFT) AND CARBON 
TETRAHALIDE (RIGHT) 


The positions of the bonding pairs of electrons indicate the 
relative electronegativity of carbon in methane and its electro- 
positivity in carbon tetrahalide. The figure in the center shows 
the few parts necessary to a set of these models. 


hedral positions is used for the nucleus or kernel. 
Spring wire bonds with hooked ends may be frictionally 
engaged in the openings to serve as ordinary valence 
bonds. Ordinary valence relationships are shown by 
simply engaging the free hooked ends of the bonds to- 
gether, giving a rigid union quickly released. Short 
cross-arm wires may be attached to the valence bonds 
by means of small rubber bands. The method of at- 
tachment holds the cross-arm rigidly in position, yet 
permits it to be moved along the valence bond at will. 
Small rubber objects can be placed on the ends of the 
cross-arms to represent electrons. When eight elec- 
trons are in place around a nuclear body the general 
effect is that of a modified cubical arrangement, though, 
of course, the tetrahedral arrangement is also retained. 
The notable difference is that the electrons are definitely 
shown as paired and each pair is associated with one 
valence bond, thus reconciling the electronic structure 
with our usual representa- 
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Perhaps the most noteworthy feature is the method 
of attaching the cross-arm to the valence bond in such 
a manner that it may be quickly put in place or removed 

















MOLECULAR MODELS (LEFT TO RIGHT) OF OXYGEN, CHLORINE, 
ACETYLENE, AND CALCIUM OXIDE (oR M=O) 


and so that, while it is rigidly held, it can be moved 
along the bond at will. This feature makes it possible 
to represent any degree of polarity in a molecule by 
simply moving the bonding pair of electrons toward the 
electronegative element. The advantages of such flexi- 
bility in teaching polarity are evident. Because of 
this feature, it is also possible to represent the relative 
sizes of the atoms, and, as is well recognized, the size 
of the atom plays an important réle in determining the 
chemical properties of the element. With the older 
type of model, it is difficult to represent either polarity 
or relative size without a series of different-sized frames, 
for the electrons are generally shown in fixed positions. 

With these models it is 





tion of the bonding pair 
as representing one bond. 

In representing atoms 
of elements, the ends of 
cross-arms not filled by 
electrons represent the 
negative valences of an 
element. Thus, carbon is 
shown as having four elec- 
trons, one on one end of 
each of the four cross- 
arms. The four free ends 
represent the negative 
valences. Electropositive 
elements are shown by 
placing the cross-arm in 
such a manner that only 
the end bearing the elec- 
tron protrudes (see figure, 
p. 564). One of the holes 





in the ball extendsthrough, 
thus making it possible to 
use opposite as well as 
tetrahedral positions. In 
this manner any configur- 
ation can be shown. 


pair of electrons. 





MOoLEcULAR MODEL OF CHLOROBENZENE 


The relative alectropositivity of the carbon atom to which 
chlorine is attached is shown by the position of the bonding 


therefore possible to start 
with the simplest model 
consisting of ball atoms 
and valence arms and pass 
in turn to the electronic 
structure of the atom, 
electronic structure of the 
molecule, polar, non-polar, 
and semi-polar valence, 
permanent and temporary 
dipoles, and codrdination 
valence. The transition 
from the model stage to 
the abstract concept is 
simply and easily made 
since the models bear a 
decided resemblance to the 
plane representations of 
electronic symbols and 
formulas. 

If students themselves 
are permitted to work with 
such models in the labora- 
tory, they quickly develop 
images which are of incal- 
culable value later. 



















DEMONSTRATION BASED 
on the PHOTOFLASH LAMP 


HERMAN KAMMIN 


Theodore Roosevelt High School, New York City 


HE recent introduction of the photoflash lamp on 

the photographic market has served as the idea 

behind the experiment described herein.  Al- 
though the average chemistry curriculum has little 
room for more than a cursory study of photography, 
this experiment may be used advantageously to illus- 
trate some important chemical principles. 

The common photoflash lamp is shaped and built 
very much like an incandescent bulb. Its filament, 
however, is so small as to permit its operation at 
voltages ranging from 1.5 to as high as 110. Ignition 
of the filament causes the extremely thin aluminum foil 
to burn rapidly in an atmosphere of oxygen, under 
reduced pressure. 


CONSTRUCTION 


This apparatus is in reality an imitation of the 
photoflash lamp, and the idea is not only to simulate 
conditions as closely as possible, but to permit the 
instructor to assemble it before the class, and operate 
it as well. 

The apparatus (Figure 1) can be constructed by 
starting with the baseboard. An 8” X 10” board will 
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FIGURE 1 


support satisfactorily a flask of one-liter capacity. 
A small hole is drilled in the center of the board. A 
one-hole rubber stopper is glued in an inverted position 
directly over this opening, so that the flask can later be 
pushed tightly on it. 

A piece of brass tubing is then pushed from below 
the baseboard, so that it projects about !/,” above the 
stopper. Glass tubing may be used, but naturally 


will not stand the abuse that metal can. The end of 
the tubing is closed by a thin layer of solder and two 
holes drilled in the side. The purpose of this is to pre- 
vent oxygen from being blown directly into the delicate 
aluminum foil, thereby tearing it to shreds. The tub- 
ing is then bent so that it lies flat under the baseboard 
and a small brass stopcock is soldered to the other end. 
The stopcock may project beyond the baseboard, but 
it is preferable to place it under the board and permit 
just the small handle to project above. 

The next task is that of wiring (Figure 2). Two fine 
holes are drilled through the stopper, one on each side 
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FIGURE 2 


of the tubing. Thorough insulation may be obtained 
by making sure the brass tube is not touched. For 
filament support, two pieces of No. 10 copper wire are 
used, their thickness permitting a snug fit in the 
stopper. The ends of the wire are hammered out and 
drilled to accommodate two small brass screws. To 
keep the ends from touching and short-circuiting, a 
small piece of bakelite or transite is used. Holes are 
drilled through it for the screws and two small nuts 
keep it rigidly in place. The other ends of the copper 
wires are then led through and under the baseboard 
to two binding posts. Cleats may then be fastened 
to the under side of the baseboard to keep the tubing 
and wiring clear of the table. 

The filament is tightened to the supports by means 
of a second set of nuts. Almost any fine wire may be 
used. Iron or nichrome wire of No. 30 gage or finer 
was found to be just about right. The aluminum foil 
must be the same as the foil used in photoflash lamps. 
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Experimentation included many foils, such as foils 
from candy bars, cigaret and food packages, etc. In 
each case the foil was found to be too thick and ignition 
was not obtained. The cost of the fine foil is very 
reasonable and for a small sum a sufficient supply can 
be purchased to last a long time.* 


OPERATION 


In operating the apparatus it is best to have in 
readiness a six- or an eight-ounce bottle of oxygen. 
The oxygen may be collected by the displacement of 
water, as the small amount of moisture does not seem 
to interfere with the reaction. The filament is then 
inserted in place. It is essential that it arch upward 
a fraction of an inch. It must be coated with a 
“primer” to ignite the aluminum. Red phosphorus, 
slightly moistened with water to make it adhere to the 
filament, works splendidly. Three or four sheets of 
aluminum foil are then inserted into the flask, which is 
then pressed tightly over the stopper. The air is ex- 
hausted and the small amount of oxygen substituted for 
it. Care must be exercised to have the oxygen in the 
flask under reduced pressure. If too much oxygen is 
used, there will be enough expansion to blow the flask 
off the stopper. The last step consists of igniting the 
aluminum by heating the filament. It is best to use 
several dry cells or a storage battery, as higher voltages 


* The writer will be glad to notify any interested reader where 
such supply is obtainable. 
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may blow out the filament or fuses. To illustrate 
the law of conservation of matter, the entire apparatus 
should be mounted on a balance. Naturally, the 
balance will show no change in weight when the re- 
action is over. 


APPLICATION 


The advantages of such a device to the chemistry 
lecture table may be summarized as follows: 


1. It illustrates the action of the photoflash lamp. 

2. It serves as an introduction to photography and 
actinochemistry in general. 

3. It illustrates the combustibility of metals. 

4. It shows the strong affinity of aluminum and oxy- 
gen, thus aiding in understanding the thermite 
process. 

The aluminum foil is a good example of the malle- 
ability of metals. 

It shows that fine subdivision is an aid to chemical 
change. 

It illustrates the use of substances of low kindling 
temperature for ignition. 

It recalls Lavoisier’s famous experiment with tin 
in a closed flask. 

It aids in illustrating the action of the bomb 
calorimeter. 


Undoubtedly, those readers who build this apparatus 
may find many more applications. 





INTERFERENCES of METAL 
IONS in the DETECTION of ACIDS 


LOUIS J. CURTMAN ano SYLVAN M. EDMONDS 


The City College of the College of the City of New York 


In the systematic detection of the acids, a solution free 
from the heavy metals 1s made by boiling the unknown 
mixture with sodium carbonate solution. It has been 
observed that for certain rather common combinations 
of anions and cations, the sodium carbonate solution is 
intensely colored and contains significant amounts of the 
metal ion in solution. In such solutions the tests for cer- 
tain of the anions cannot be directly applied. This paper 
presents the results of an investigation of these inter- 
ferences and also provides methods permitting the detec- 
tion of the acids in these highly colored solutions. 


++ oe oe er 
N NEARLY all schemes of analysis for the detec- 
tion of the anions in complex mixtures, it is found 


desirable to prepare a solution which shall be free 
from the interferences occasioned by the presence of 


heavy metals. Such a solution, known as the “pre- 
pared solution,” is generally obtained by boiling the 
finely powdered unknown with an excess of sodium 
carbonate solution and filtering the mixture. 

It has been observed, however, that in making pre- 
pared solutions colored filtrates were frequently ob- 
tained. The coloration, as experiments showed, is 
due to the presence of certain metal ions existing either 
in a colloidal form or as part of certain complex ions. 
It is evident that the color of the prepared solution 
may interfere with the detection of chromate, tartrate, 
borate, and acetate since these anions are usually identi- 
fied by reactions involving some definite change in 
color. This very serious interference appears to have 
been completely ignored in the chemical literature on 
qualitative analysis. It was, therefore, the purpose 
of this investigation to study the extent of the forma- 


’ 
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tion of these colored prepared solutions and to provide 
methods for the detection, in such solutions, of the 
four acids mentioned above. 

Of the metals likely to yield colored prepared solu- 
tions, the following may be mentioned: copper, ferric 
iron, cobalt, nickel, manganese, and chromium. When 
many of the salts of these metals, with the exception of 
copper, are boiled with sodium carbonate solution they 
yield either faintly colored or colorless prepared solu- 
tions. When, however, tartrate, oxalate, or acetate 
ion is present, in some cases very intensely colored 
solutions are obtained. Copper salts almost without 
exception yield strongly colored prepared solutions. 
Various compounds of the metals and certain mixtures 
were treated by the following procedure: In a 250-cc. 
Erlenmeyer flask 3 g. of the substance were mixed with 
50 cc. of 3 N sodium carbonate, the mixture was boiled 
for three minutes, and then filtered. In Table I are 
recorded the colors of the various filtrates as well as the 
effect of acidification. 

TABLE I 


Color of Prepared 
Solution 
intense blue 
faint blue 
intense blue 


Color after Acidifi- 


Substance calion 


Copper Arsenate 
Copper Arsenite 
Copper Borate 
Copper Carbonate 
Sample 1 blue 
Sample 2 more intense blue 
Sample 3 very light blue 
Copper Oxalate intense blue 
Copper Phosphate very intense blue 
Copper Sulfate blue 
Copper Tartrate very intense blue 
Copper Sulfate + 
Ammonium Chloride* very intense blue 
Cobalt Acetate light pink 
Cobalt Carbonate faint pink 
Cobalt Oxalate intense pink 
Cobalt Carbonate + 
Ammonium Chloride® light pink 


faint blue 
colorless 
very faint blue 


practically colorless 
practically colorless 
colorless 

faint blue 

light greenish blue 
colorless 

light blue 


light blue 
colorless 
colorless 
faint pink 


colorless 


Cobalt Chloride + 
Sodium Tartrate” 
Nickel Acetate 
Nickel Carbonate 
Nickel Oxalate 
Nickel Phosphate 
Nickel Carbonate + 


Ammonium Chloride® 


Nickel Chloride + 
Sodium Tartrate? 
Chromium Acetate 
Chromium Sulfate 
Chromium Sulfate + 
Sodium Tartrate? 
Ferric Oxalate 


intense reddish violet 
faint green 

faint green 

bright green 

light green 


faint green 
light greenish yellow 
intense reddish violet 


faint green 


deep green 
colorless 


Ferric Phosphate, u.s.p.¢deep brown 


Ferric Sulfate 
Ferric Tartrate 


Manganese Borate 
Manganese Carbonate 
Manganese Tartrate 


aA mixture of 1.5 g. of each salt was mixed with sodium carbonate solu- 


colorless 

very dark brown 
(opaque) 

colorless 

faint yellow 

Pale yellow 


faint pink 
colorless 
colorless 
faint green 
faint green 


colorless 


colorless 
fairly intense violet¢ 
colorless 


very light green 

colorless 

light yellow 

colorless 

brown precipitate, 
low solution 

colorless 

colorless 

colorless 


tion and boiled until no more ammonia was evolved. 
6 A mixture of 1.5 g. of each salt. 
c Solution became light green on boiling. 
d The v.s.P. sample contained citric acid to render it water-soluble. 


It will be noted from the results in Table I that copper 
exhibits this complex-forming ability to the most 
marked degree. The copper solutions were found to 
be stable, remaining perfectly clear and intensely 
colored for days. The color of many of the copper solu- 
tions depended to some extent on the degree of purity 
of the respective commercial salts chosen. Thus three 
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lots of cupric carbonate, all c.p., and prepared by 
three different chemical concerns gave prepared solu- 
tions distinctly different from one another in intensity 
of color. In fact, the original solid samples were notice- 
ably different in color. The same was found to be the 
case for cupric arsenate, oxalate, and borate. 

It was suspected that the copper complexes were 
caused by traces of ammonia in either the sodium car- 
bonate solution or the copper salts. Therefore, in some 
experiments the sodium carbonate solution was boiled 
for about one-half hour immediately before being used. 
The prepared solutions so obtained were not notice- 
ably different in color from those previously obtained. 
Long continued boiling of the copper salt-carbonate 
mixture before filtration to insure the removal of any 
ammonia present in the salt also did not produce any 
change in the final color. When a mixture of an am- 
monium and a copper salt was boiled with sodium 
carbonate solution until all the ammonia was expelled* 
and then filtered, a very intensely colored prepared 
solution was obtained (see Table I). Very long boiling 
of this solution, or evaporation to dryness, and extrac- 
tion with water did not cause a significant lightening 
of the color. 

Ferric salts in the presence of a tartrate provide by 
far the most disturbing interference in the acid analysis. 
When the amount of tartrate is large, the prepared 
solution is practically opaque. In some cases as much 
as 100 mg. Fet+* passed through into the sodium 
carbonate solution. Such prepared solutions, how- 
ever, were not very stable. With very large amounts 
of iron, precipitation as either the hydroxide or basic 
carbonate took place soon after filtration. When the 
amount of iron was much less than 100 mg., the solu- 
tions were stable for a few days. When a small por- 
tion of any of the iron solutions mentioned in Table I 
was largely diluted with water and boiled, all the iron 
was precipitated within five minutes. The addition 
of ammonium chloride or sodium nitrate was found to 
hasten this precipitation considerably. These results 
may be interpreted as being due either to hydrolysis of 
the ferric tartrate complex with the consequent precipi- 
tation of ferric hydroxide, or quite possibly to the 
coagulation of colloidal ferric hydroxide stabilized by 
tartrate ion. The instability of the solutions and the 
effect of neutral salts seem to bear out this point of 
view. The very marked difference in stability of the 
copper and iron complexes should be noted. 

The chromium and cobalt tartrate and oxalate com- 
plexes are all moderately stable. Neither metal could 
be precipitated by dilution and long continued boiling. 
However, after several days, some, although never 
complete, precipitation took place. The amount of 
metal present, roughly estimated colorimetrically, was 
in all cases very much less than that for the corre- 
sponding iron or copper solutions. 


* In the making of a prepared solutiow of a mixture containing 
ammonium salts it is necessary to remove all the ammonia from 
the carbonate solution by continued boiling. In general, 10 
to 20 minutes boiling was sufficient. 
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DETECTION OF ACIDS 


The tests for chromate, tartrate, nitrate, borate, 
and acetate were carefully investigated and the extent 
of the interference of each of the complex-forming 
metal ions determined. 

Chromate Test.—It will be noted that in Table I there 
is listed the effect of acidification on each of the 
complexes. The almost complete bleaching in each 
case indicates that the complexes are stable only in 
strongly alkaline solution. Experiments showed that 
the usual hydrogen peroxide test for chromate allowed 
the detection of 1 mg. of CrO," in even the most highly 
colored solutions. Thus it is unnecessary to make any 
special provision in applying the peroxide test to these 
highly colored prepared solutions. 

Tartrate Test.—The test for tartrate is generally 
made by adding directly to the prepared solution* 
dilute NaOH and a little CuSO, solution. A clear, blue 
solution on filtration is taken as proof of the presence 
of tartrate.! Obviously, this test cannot be applied 
directly to a solution that already contains a blue cop- 
per complex or is so intensely colored as to mask the 
additional copper coloration. The following method 
was devised to confirm the presence of tartrate in pre- 
pared solutions containing complexes of nickel, cobalt, 
copper, and chromium and was shown to yield reliable 
results. In this procedure the complex is destroyed 
by acidifying and boiling; the solution is then made 
alkaline with dilute sodium hydroxide and the test with 
copper sulfate applied. 

Method.—Acidify 3 cc. of the prepared solution with 
dilute HCl and add 1 ce. in excess. Boil the solution 
for one minute. Cool, make just alkaline with 6 N 
NaOH, and add 3 cc. in excess of 0.6 N NaOH. Add 2 
drops of 2 N CuSO,, stir, and filter. A blue filtrate 
that may be further intensified by the addition of 
NH.OH shows the presence of tartrate. 

When chromium is present as a complex in the pre- 
pared solution the final result of the test is a light-green 
filtrate which, on the addition of NH,OH, turns to a 
very much deeper greenish blue. If iron is present, the 
filtrate varies from light greenish yellow to deep brown, 
depending on the quantity of iron present. Unless a 
very large amount of iron is present, and the filtrate 
is decidedly brown, then the addition of NH,OH causes 
a very noticeable bluish green coloration. However, 
the presence of tartrate can be more easily confirmed in 
solutions of high iron content by the following method 
in which the iron is precipitated as the hydroxide by 
diluting and boiling the solution. Dilute 3 cc. of the 
prepared solution to 50 cc. and boil for five minutes. 
Filter and evaporate the filtrate to 5 cc. Add 3 cc. 
of 0.6 N NaOH and 2 drops of 2 N CuSO, A blue 
filtrate as before proves the presence of tartrate. 

Test Analyses—Prepared solutions (all intensely 
blue) of the following copper salts were analyzed for 


* In some instances, the presence of tartrate is indicated by the 
intense color of the prepared solution. 

1 CuURTMAN, LEWIS, AND Harris, J. Am. cain Soc., 39, 
2623 (1917). 
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tartrate by the first method: CuCO;, CuC.0,, Cu- 
(AsOs)2, Cus(AsO,)2, Cus(PO,)2, and Cu(BOs)s. In the 
analysis of Cu(AsOz)e a little hydrogen peroxide was 
first added to the alkaline prepared solution to oxidize 
the arsenite, since the latter interferes with the test. 
In addition to these six solutions, another, obtained by 
treating a mixture of 1.5 g. of NH:Cl and 1.5 g. of 
CuCO; with NasCO; solution and boiling until all 
NHs3 was evolved, was also tested for tartrate by the 
above method. In all cases negative tests for tar- 
trate were obtained. Another series of prepared solu- 
tions of each of these substances was made with suf- 
ficient sodium tartrate so that 3 cc. of each solution 
contained 5 mg. of tartrate ion. In each case a posi- 
tive test for the tartrate was obtained. Three cc. of 
a deep green prepared solution of 1.5 g. of Cre(SOx)3 
and 1.5 g. of sodium tartrate was tested for tartrate in 
the same manner. The final result was a greenish blue 
filtrate which became intensely blue when treated with 
NH,OH. A prepared solution of ferric tartrate when 
analyzed according to the first method gave a greenish 
brown filtrate. When another portion of the same solu- 
tion was diluted and boiled in accordance with the 
second method, all the iron was precipitated and a clear, 
colorless filtrate was obtained. This solution, when 
concentrated, gave an excellent test for tartrate. This 
method was further applied to a prepared solution 
containing a large excess of tartrate to determine 
whether all the iron could still be precipitated by dilu- 
tion and heating. A solution containing all the iron as 
a complex was prepared by mixing 100 mg. of iron as 
FeCl; and 3 g. of sodium tartrate. This solution, 
when treated as above, gave a perfectly clear and color- 
less filtrate; in the latter the tartrate was easily de- 
tected. The intensely pink cobalt tartrate complex 
was also analyzed by the first method and found to give 
the usual blue test for tartrate. The nickel oxalate, 
cobalt oxalate, and chromium acetate complexes were 
analyzed and negative tests for tartrate were obtained. 
Prepared solutions containing in addition 10 mg. of 
tartrate as NazC,H,O,-2H:0 in 3 cc. gave positive tests. 

Nitrate Test.—The nitrate ion may be conveniently 
detected? by means of copper turnings in a 1:1 H:SO, 
solution of the unknown. The solution of the metallic 
copper, and, with large amounts of nitrate, the evolu- 
tion of NO: fumes constitute proof of the presence of 
the acid. It is evident that the presence of any colored 
cation, particularly copper, would completely mask 
the result. Experiments showed that, from a Naz:CO; 
solution of any of the complexes studied, Ag,SO; pre- 
cipitates all of the metal along with Ag,O and, if tar- 
trate is also present, a precipitate of metallic silver is 
also thrown down. The method employed was as 
follows:* 2.2 g. of Ag2SO, are boiled for 2 minutes with 
100 cc. of water. Add dropwise and with stirring 3 
cc. of the prepared solution. Filter and make the 

2 CURTMAN, “Qualitative chemical analysis,’”” The Macmillan 
Co., New York City, 1931, p. 427. 

* This method had been previously shown to remove the usual 


acid interferences with the nitrate test such as chromate and 
iodide. Loc. cit., p. 477. 
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filtrate alkaline with dilute NaOH solution. Filter 
and evaporate the filtrate just to dryness. Add 1 cc. 
of water and filter into a test-tube. Add another cc. of 
water to the residue and pour through the filter. To 
the filtrate add 2 cc. of concentrated H2SO, and 0.5 g. 
of bright copper turnings.* Boil gently for 30 seconds. 
Formation of a blue solution and the evolution of brown 
fumes (if the amount of nitrate is not very small) 
shows the presence of nitrate. 

Test Analyses.—Prepared solutions were made of the 
following substances or mixtures: Cu3(PO.)2, CuCg- 
H4Og, 1. g. CoCle:6H2O -+ 1.5 g. NaeC,H,O¢:2H20, 
Fe2(C4H4O¢)s, 1.5 g. Cro(SOx.)3'5H2O a 1.5 g. NaeC.- 
H,0,:2H2O. In each, sufficient NaNO; was present 
so that 3 cc. contained 10 mg. of nitrate ion. These 
solutions were all analyzed by the method given above 
and positive tests for nitrate were obtained in all cases. 
Prepared solutions of the same substances or mixtures 
containing no nitrate gave negative tests. All of the 
interfering metal ion was, in every instance, completely 
removed by the Ag2SO, treatment. 

Acetate Test.—The only adequate and simple test 
for acetate depends upon the reddish brown coloration 
produced by FeCl; in an acetate solution whose acidity 
has been properly adjusted.* It was found that the 
interfering metal ions were completely precipitated from 
all the prepared solutions studied, by the addition of 
BaCl, to the diluted solution. The filtrates were in 
all cases clear and colorless. It appears, unfortunately, 
that the acetate ion is co-precipitated to a considerable 
extent since the sensitivity of the test was found to be 
materially reduced. Thus, the smallest amount of 
acetate that could be detected in 3 cc. of any of the 
prepared solutions was 15 mg., whereas under ordinary 
conditions 3 mg. may be detected. Although several 
other methods were tried for the removal of the inter- 
fering metals, they all proved more or less unsatisfac- 
tory. However, it was found that acetate could be 
conveniently and efficiently removed as acetic acid by 
passing a rapid stream of air for 30 minutes through a 
6 N H2SO, solution of an unknown mixture. The acid 
was caught in a dilute NaOH solution. This solution 
was then concentrated and the acidity properly ad- 
justed. The FeCl; test was then applied. The de- 
tailed method is as follows: Transfer 3 cc. of the pre- 
pared solution to a 100-cc. Erlenmeyer flask. Add 15 
ce. of water and 3 cc. of concentrated H,SO,. Attach 
a 2-hole rubber stopper in one hole of which is inserted a 
glass tube extending to the bottom of the flask and in 
the other hole a shorter tube extending just below the 
stopper. In another 100-cc. Erlenmeyer fitted with a 
similar entrance and exit tube introduce 20 to 30 cc. 
of water containing a few drops of dilute NaOH. Con- 
nect the two flasks by a length of rubber tubing so that 
air drawn through the flask containing the unknown 





* The turnings should be previously cleaned by boiling in 18 
N sulfuric acid and then washed with water. 

3 CURTMAN, BROGGI, AND FouRMAN, Chem. News, 120, 230 
(1920). 
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mixture will bubble through the NaOH trap. Allow a 
rapid stream of air to be sucked through for 30 minutes. 
Then concentrate the hydroxide solution to 5 cc. and 
add a drop of phenolphthalein. Heat the solution to 
boiling and add 0.6 N HCl dropwise until the solution 
remains permanently bleached when boiled. Transfer 
the solutions to a test-tube, cool, and add 1 cc. of 0.5 
N FeCl;. A reddish brown coloration shows the pres- 
ence of acetate. 

Experiments on some of the prepared solutions 
studied showed that 5 mg. of acetate in 3 cc. of the 
solution gave a final test identical in color intensity 
with that given by 5 mg. of the ion as sodium acetate 
in an equal volume of water. There thus appears to 
be no significant loss of acetic acid in the process. 
Controls on prepared solutions containing no acetate 
gave final solutions that were very light yellow. 

Borate Test.—The most reliable test for borate de- 
pends upon the very sensitive color reaction with 
turmeric in an alcohol-HCl mixture. Although most 
of the prepared solutions that we have studied are 
only faintly colored when acidified, they all become 
very strongly colored when the acidity is raised suf- 
ficiently with concentrated HCl to yield the turmeric 
color reaction. Even for those prepared solutions 
containing only a trace of copper, the increase in inten- 
sity upon the addition of the concentrated acid vitiated 
the turmeric test. 

The ease with which boric acid may be distilled 
as the methyl ester suggested a method for the detec- 
tion of this acid. The following procedure was devel- 
oped and found satisfactory: Acidify 3 cc. of the pre- 
pared solution with dilute HCl and add 1 ce. in ex- 
cess. If oxidizing gases such as chlorine or NO, are 
evolved, add a slight excess of H,SO; solution. Trans- 
fer the solution to a small distilling flask. Add 5 cc. 
of methyl alcohol and gently distil, collecting the dis- 
tillate in a little NaOH solution, until only a few drops 
of liquid remain in the flask. Add 5cc. more of methyl 
alcohol and again distil to a few drops. Evaporate 
the distillate to 3 cc. and apply the turmeric test. This 
method was found to yield a satisfactory test start- 
ing with 1 mg. of BO.” as boric acid in 3 cc. of pre- 
pared solution. 


SUMMARY 


1. In the general method of preparing a solution for 
systematic acid analysis, the unknown is boiled 
with a NasCO; solution and the mixture filtered. 
When this procedure is applied to certain salts of 
copper, cobalt, nickel, chromium, and ferric iron, 
highly colored solutions containing more or less of 
the metal ion are frequently obtained. 

2. The usual tests for tartrate, nitrate, acetate, and 
borate cannot be directly applied to such solutions. 

3. Methods are proposed for the detection of each of 
these acids in metallo-complex prepared solutions. 
Test analyses have shown the methods to be re- 
liable. 
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RESIDUE of HIGH-SCHOOL 
KNOWLEDGE UTILIZABLE 
in COLLEGE CHEMISTRY’ 


PAUL MAURICE GLASOE 


St. Olaf College, Northfield, Minnesota 


This paper records an effort made to evaluate the 
anfluence high-school chemistry has on first-year college 
chemistry. The experiment was conducted with two 
sections numbering about 80 each. Twelve tests were 
given during the second semester, all of the ‘‘short-answer,” 
factual type. The results are remarkably uniform, 
showing without a single exception a decidedly better 
achievement on the part of the students who have had 
chemistry in high school. The final examination, made 


++ + 


TIS gratifying to note both from papers read 

before the Division of Chemical Education and 

from articles appearing in the JOURNAL OF CHEMI- 
caL EpucaTion that high-school chemistry is being 
taken more seriously by colleges and universities. 
In addition to giving a unit of entrance credit to those 
who enter with high-school chemistry, colleges are 
organizing special classes for those who have had it. 
There is by no means uniformity of treatment by all 
institutions. The mere division of first-year college 
chemistry into two classes, one for those who have 
had and one for those who have not had high-school 
chemistry, is not sufficient. In 1929, at the St. Louis 
meeting of the American Chemical Society, the author 
of this paper called attention to the ‘Deadly Parallel- 
ism between Courses in High-School and First-Year 
College Chemistry,’’' pointing out the pedagogical 
error in forcing students with a year of high-school 
chemistry to go through a year of college chemistry, 
which is only an elaboration of the high-school course. 
In 1931 Professor Stuart R. Brinkley? of Yale pre- 
sented a paper in which he showed that it is possible 
to give a course to such students that will not be a 
repetition of the work done in high school, but a con- 
sistent development of the general principles of chem- 
istry based on the residue of knowledge we have a 
right to expect in such students. 

In view of the importance of a closer codrdination 
between the high-school and college courses it was to be 

* Presented before the Division of Chemical Education at the 
Denver meeting of the A. C. S., August 23, 1932. 

1P, M. Grasog, “‘The deadly parallelism between high-school 


and college courses in chemistry,” J. CHEM. Epuc., 6, 505-9 


(Mar., 1929). 
2 StuarRT R. BRINKLEY, ‘‘The freshman course in ghemistry 
for students who have had secondary-school chemistry,” ibid., 


8, 285-9 (Feb., 1931). 


up of 186 questions, gave results in very close accord with 
the performance in the tests. Due notice is taken of the 
presence of a few non-freshmen students in both courses, 
the two groups are compared as to native ability by the 
Minnesota college aptitude test, and finally the scholastic 
achievement of all the students involved is measured by 
the grade-point ratio. The conclusion is drawn that all 
the results point to a distinct residue of knowledge carried 
over from high-school to first-year college chemistry. 


++ + 


expected that efforts would be made to get some 
measurement of the influence of a year of high-school 
chemistry on first-year college work. Too often 


college and university teachers express the opinion 
that it would be better not to try to teach chemistry 
in high school, holding that results indicate that 


little or nothing is carried over from high school to 
college. Of course, this is an extreme and illogical 
statement and a grave charge against our whole 
system of high-school teaching. Either high-school 
chemistry should be granted the standing of a pre- 
requisite, entitling the college freshman who has had 
the preparation to a special first-year course, or high- 
school chemistry should be discontinued. If high- 
school graduates do not retain a residue of knowledge 
on which to build their first-year college course, it is 
highly questionable that it pays to continue the high- 
school course even for those who do not go to college. 

In his two-volume work “The Junior College,’’ 
Dr. L. V. Koos’ has discussed the, overlapping of the 
two courses in question. He has gone into considerable 
detail to show the parallelism and repetition that 
take place when a student goes from the high-school 
course in chemistry to the first-year college course. 
An exhaustive study was made by Victor H. Noll‘ 
of “Laboratory Instruction in the Field of Inorganic 
Chemistry.”’ The thesis covers 164 printed pages. 
In a brief four pages he makes reference to an observa- 
tion of two groups of students entering the university 
at the same time, one section with high-school chem- 
istry, the other without. His conclusion is that the 

3 L. V. Koos, ‘‘The junior college,’’ Chap. 33. 

4 Victor H. NoLt, ‘Laboratory instruction in the field of 
inorganic chemistry,’’ University of Minnesota Press, Minne- 


apolis, 1930, pp. 104-7. For review, see J. CHEM. Epuc., 8, 
606-7 (Mar., 1931). 
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two groups ‘‘showed no significant difference after two 
quarters of instruction in the university.” After a 
careful study of Dr. Noll’s problem we are constrained 
to ask if the results might not have been different had 
the two sections been treated differently from the start. 
Should not section A (with high-school chemistry) 
have been given to understand that they were advanced 
students by giving them a different textbook, different 
laboratory manual, and different experiments? All 
this in order to make the course as much as possible 
a continuation and not a duplication of the high- 
school course. In a fair test should not both sections 
have had exactly the same number of hours of instruc- 


Test No. 1 2 3 
Median course 11-12 21.7 14,1 6.8 
Median course 21-22 24.2 12.5 10.0 
Points of difference 2.5 1.4 3.2 
11.5 12.6 47.0 


Percentage gain 21-22 over 11-12 


tion per week? Would not results have been more 
reliable had both sections been taught by the same 
person and the quizzes and examinations made up 
and scored by the same individual? Then, again, we 
learn that section A was composed of chemists and 
chemical engineers while B was made up of a diversity 
of engineering students taking chemistry as a required 
study. Section A had everything in its favor—they 
had studied chemistry in high school and pursuit of 
chemistry was to be their life-work. This ought to 
make a decided difference in accomplishment. Does 
the test account for the complete disappearance of this 
advantage? 

In January, 1926, Fred C. Mabee® reported an 
experiment in which he tested three college first-year 
chemistry classes and three high schools. His findings 
will be referred to later in this paper. 

For the past fifteen years or more I had been con- 
fronted by this problem. I had been satisfied from the 
start that there is a decided influence carried over 
from high-school chemistry to the first-year college 
course. I had as yet no definite proof or measure of 
the residue of knowledge carried over, but faith in the 
correctness of the reasoning grew to a definite con- 
viction. 

At the beginning of the school year 1931-32 I de- 
cided to ascertain, at least in some degree, what the 
influence of the high-school course in chemistry might 
be. Conditions were favorable. The first-year course 
was all given by me. With an enrolment of 160-170 
I could have accurate knowledge of what each student 
was doing. I conducted all recitations, gave all the 
lectures, prepared all quizzes, and scored most of them 
myself. The enrolment for 1931-32 was made up of 
85 who had studied chemistry in high school and 79 
who had not. 

The first semester was used for laying the foundation 
for the beginners in the usual way. The advanced 
group was given preliminary instruction sufficiently 
different from high-school chemistry not to be recog- 


“A test of achievement in college chemistry, 
1926). 





5 F, C. MABEE, 
c.,” J. Cuem. Epuc., 3, 70-6 (Jan.. 
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nized as a rehash of what they had done before. Stress 
was laid on problems and the development of the sub- 
ject on the basis of the periodic system. In entering 
upon such subjects as structure of the atom, theory 
of ionization, reversibility and equilibrium, etc., the 
high-school treatment of the same subjects was as- 
sumed as a foundation upon which to build. The 
students were told that they would have to review their 
high-school chemistry in order to be able to keep 
abreast of the subject as it was given. It serves as a 
stimulus for them to know that they are responsible 
for the knowledge they should have acquired in high 


school. The second semester was devoted to a syste- 
4 5 6 7 8 9 10 11 12 
2.3 7.6 12.6 123.8 12.6 23.0 29.0 20.2 36.5 
4.7 11.4 14.6 15.8 14.3 25.4 36.2 33.6 38.2 
34 88 88 %88 FF S84 Se @2 €; 
1.4 50.0 15.8 23.4 13.5 18.5 206 24.0 4.6 


matic study of all the common chemical elements in 
much the usual way, special stress being laid on the 
periodic arrangement. Both courses were now running 
parallel. 

Twelve tests were given at fairly regular intervals; 
some were announced in advance, others were not. 
The tests were of the usual short-answer objective 
type; such as true-false, completion, matching, and 
multiple choice. They occupied one recitation period 
of fifty minutes each. Comparison of the data shown 
in the above table reveals a remarkable uniformity 
of results throughout. The table shows the medians 
of the scores of the two courses and also the percentage 
of superior achievement of the students in course 
21-22* over those in course 11-12. 

The “percentage gain’? was obtained by dividing 
“points of difference’’ by the median, course 11-12. 

The average semi-interquartile range for the twelve 
tests shows Q = 2.9 for course 11-12 and Q = 3.3 for 
21-22 

For the purpose of combining the different tests, 
the scores were all converted to percentile rank scores. 
The result of thus combining all the tests is graphically 
shown by curves (A) and (B) of Figure 1. 


* Course 11-12 is given to those who have not had chemistry 














in high school; course 21-22 to those who have. 
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FicurE 1.—Curves ARE BASED ON THE AVERAGE OF ALL 
Tests TAKEN BY THE Two Groups, THE RAW ScoRES BEING 
CHANGED TO PERCENTILE RANK SCORES AND COMBINED 


Curve A—no chemistry in high school. 

Curve B—chemistry taken in high school. 
Median percentile score ‘“‘A’’ 32.3 
Median percentile score “‘B”’ 59. 3. 





cot © 0 — — — 








0 1 WN = ee ee (De 


bate | 








SEPTEMBER, 1933 


did a better grade of work than those in course 11-12. 
The percentage gain of achievement ranges from 4.6% 
in test No. 12 to 50% in No. 5, the average being 20.8%. 
The variation in performance within the two groups 
does not differ to any marked extent as shown by the 
measure of variability, the ‘semi-interquartile range. 
For course 11—12 this measure, Q, is 2.9 while for 21-22 
it is 3.3. 

The final examination naturally becomes a test of a 
great deal of significance. It was composed of 186 
questions of the same short-answer, factual type. 
Two hours is the usual time given, but in this case 
students were allowed all the time they desired. The 
questions were mimteographed and a set given to each 
student. The differences in performance of the two 
groups are here indicated: 


Median for course 11-12 was 64.80 
Median for course 21-22 was 86.46 
Percentage of higher achievement by 21-22 was 33.40 
Semi-interquartile range for 11-12 11.23 
Semi-interquartile range for 21-22 13.03 


The results are graphically shown by the curves of 
Figure 2, 
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FIGURE 2,.—FINAL EXAMINATION 


Referring again to the test reported by Mabee,° 
three college classes were examined. There was no 
uniformity as to circumstances. The college A class 
had not studied high-school chemistry, while classes B 
and C had. A was examined at the end of 8 months 
of study, B at 4!/2, and C, 5 months. The results of 
the test compare favorably with those just given above: 


High-school End of Hours per Median 


College Chemistry Months Week Grade 
A No 8 6 43.1 
B Yes 4.5 9 71.8 
Cc Yes 5 6 62.2 


The advantage of B over C undoubtedly can be 
accounted for by the fact that B spent 50% more 
time each week on the subject. 

Percentage gain of B over A 66.6 
Percentage gain of C over A 44.3 


The objection would naturally be raised that the 
presence of a considerable number of upper classmen 





Without a single exception the course 21--22 sections 





573 






in my study might materially influence the results; 
‘these being more mature would naturally be expected 
to do a better grade of work. To eliminate this factor 
the performance of the freshmen alone in the two 
groups has been compared, giving the following results: 


Median for course 11-12 64.0 
Median for course 21-22 89.3 
Percentage higher achievement 39.5 
Semi-interquartile range, 11-12 10.6 
Semi-interquartile range, 21-22 14.5 


Note that the difference in the percentage gained 
by the 21-22 group is even greater when the non- 
freshman students are omitted than when they are 
included. 

Another possibility must be taken into consideration. 
The students of course 21-22 may happen to be of a 
superior grade who are more interested in the subject, 
use their time to better advantage, etc. A study of the 
grade-point ratio in all the students’ work in college— 
obtained by dividing the grade points earned by the 
credit hours taken—throws an interesting light on 
this objection. The scholarship record measured 
in terms of grade-point ratio for all students taking 
course 11-12 was 1.17; for course 21-22 it was 1.28. 

These figures indicate that there is an advantage 
in favor of 21-22 amounting to 9.4% in scholarship 
ratio. This is to be expected, as it is usually the better 
grade of student that elects chemistry in high school. 
But the distinctly better performance of 21-22 in 
chemistry, amounting to an average of 20.8% for 
twelve tests and 33.4% for the final examination, can 
hardly be explained by the slight difference shown in 
the grade-point ratio of the two groups in college 
scholarship. 

There remains the additional possibility that we may 
have a group of students in 21-22 of superior native 
ability. To check this point we refer to the results of 
the Minnesota college aptitude test. The median 
percentile rank for 11-12 is 28.75, while for the 21-22 
group it is 31.25. @Q for 11-12 is 26.55; for 21-22, Q is 
27.18. 

Here we do find a slight advantage in favor of the 
21-22 group amounting to 8.6% but certainly not 
sufficient to account for the marked difference in their 
performance in chemistry, which is 20.8% for twelve 
tests and 33.4% in the final examination. 

As a further point of comparison the records of these 
same students in qualitative analysis during 1932- 
1933 may be cited. Sixty-two students took the course. 
At the end of the semester six A’s were given, all of 
which went to members of course 21-22. Thirteen 
B’s were given and 73% of them went to members 
of course 21-22. This would seem to indicate that the 
advantage persists. 


CONCLUSIONS 


There is a definite ‘‘residue of knowledge’ carried 
over from high-school chemistry to the first-year 
college course. In order to retain this advantage 
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students presenting chemistry as an entrance credit 
must be treated as an advanced grade and not literally 
made to wait until the section without such preparation 
catches up. The advanced sections must be allowed 
to build on high-school chemistry as a foundation and 
not made to repeat elementary principles and experi- 
ments covered in the preparatory course. Such a 
course requires that we do away with the overlapping 
to which Dr. Koos’ calls attention. In this way interest 
in chemistry is aroused and increased rather than 


stifled and destroyed. 
In the present study, intruding factors have been 
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closely checked. That the native abilities of students 
in course 21-22 are very much like those in course 
11-12 is seen from comparison of the results of the 
college aptitude tests for both sections and also by the 
general college scholarship ratings as shown in the grade- 
point ratios. The definite and consistent higher 
achievement of the students in course 21—22 over those 
of course 11-12 as shown in twelve tests and the final 
examination leads us to the conclusion that the higher 
achievement is a measure of the influence carried over 
from high-school chemistry to the first-year college 
course. 





NOTE on the FILLING of MANOMETERS 


M. Q. DOJA 


Science College, Patna, India 


HE standard method for the filling of accurate 
vacuum manometers by sealing both ends of 
the manometer to a suitable piece of glass 
tubing, boiling the introduced mercury in a vacuum 
until all air is expelled, and finally sealing off one end 
by means of a hand blowpipe, is so tedious and requires 
so much skill in 
glass work that 
a simpler and 
quicker method 
seemed neces- 
sary. It is with 
this object in 
view that the 


D 


following method for the filling 
of manometers has been de- 
vised. 

A cleaned and dried ma- 
nometer is joined by means 
of a piece of pressure tub- 
ing to the apparatus shown 
in the accompanying figure, which is simply a Y-piece 
provided with two taps and a cup. The tap, A, is 


Nevin 


MANOMETER 








closed, and D and B are opened, the latter being 
connected to a Cenco-hyvac pump provided with a 
standard manometer. The whole apparatus is then 
evacuated until the standard manometer shows a 
minimum pressure. Freshly distilled mercury is placed 
in the cup, C, and the taps, B and D, are both closed. 
A is then very slowly opened and a small amount of 
mercury is allowed to collect in the space between 
A and D. The tap, A, is closed and D is gently 
opened so that the collected mercury slowly falls into 
the manometer. In this manner (which prevents a 
sudden rush of mercury), little by little, the required 
quantity of mercury is introduced into the manome- 
ter. The manometer is finally disconnected from the 
apparatus and air is allowed to enter slowly through 
the tap, D. The manometer is then ready for use 
and gives quite accurate readings for ordinary pur- 
poses. 

The chief advantage of the method lies in its quick- 
ness and simplicity, as it avoids the difficulty of elabo- 
rate sealing which is necessary in the standard method. 
It also gives a much stronger sealed end than can be 
obtained in the other method, because the sealing is 
done before the mercury is introduced into the ma- 
nometer. 

Equally satisfactory results are obtained by using 
screw clips and pressure tubing instead of the glass 
taps, and an ordinary conical funnel in place of the 
cup shown in the figure. 
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CALCULATION of SIMPLEST 
FORMULA from PERCENTAGE 


COMPOSITION 


CARROLL W. GRIFFIN 


Vassar College, Poughkeepsie, New York 


‘ 


SUALLY in classes in general chemistry there 
U are many students who, while they may memo- 

rize the steps for calculating the simplest formula 
of a compound from its percentage composition, have 
difficulty in understanding just why the manipulations 
which they carry out are a logical method for obtaining 
the formula. The writer, in common with instructors 
in chemistry generally, believes it of utmost importance 
that the student appreciate the logic of a given attack 
on a problem and toward this end presents the analogy 
below as a means of clarifying the method of procedure 
in solving problems of the type mentioned. 

Suppose we are told that a certain compound has a 
composition by weight as follows: sodium 32.43%, 
sulfur 22.55%, oxygen 45.02%. In the various texts 
we are instructed to proceed as follows in order to ob- 
tain the simplest formula. 


Atomic 
Ratios 


% At. 
Comp. Wit. 


Na 32.43 23.00 
Ss 22.55 32.06 
oO 45.02 16.00 


Integral 


Element Ratios 


1.41 2 Formula 


0.70 1 


2.81 4\ Na2SOu 


The figures of the third column are obtained by dividing the correspond- 
ing figures of the first column by those of the second, while the figures of col- 
umn four are obtained by dividing those of column three by the smallest 
number in that group. 


The reason why such a procedure yields the correct 
simplest formula of the compound having the stated 
composition should be clear from the analogy now de- 
scribed. 

Suppose we have a box containing 500 grams of 
marbles. Suppose further that the marbles are ar- 
ranged in clusters, and that each cluster is like every 
other cluster and contains red, white, and blue marbles. 
Imagine each cluster to be a ‘‘molecule’’ and the vari- 
ously colored marbles to represent different kinds of 
atoms constituting the molecule. Now we cannot in 
the case of real molecules mechanically take apart a 
single molecule and count the atoms, thus obtaining 
its formula. If we likewise deny ourselves this pro- 
cedure in the case of our clusters of marbles we may 
nevertheless ascertain the numbers of differently colored 
marbles in each bunch (that is, determine'the ‘‘for- 
mula’) as follows. 


Suppose we get an ‘‘analyst’’ to break up the bunches 
and gather together all the red marbles in one pile, all 
the white marbles in another pile, and all the blue ones 
ina third. He then turns in, say, this report: 


Total Weight, Weight Each Marble, 
g. g. 


Red 160 8 
White 100 10 
Blue 240 6 


Obviously, if all the red marbles weigh 160 grams and 
each one weighs 8 grams there must be a total of 20 
red marbles. In a like manner we see that there must 
be a total of 10 white marbles and 40 blue marbles. 
If all the clusters were alike and of the simplest con- 
stitution possible then each must have been made up 
of two red, one white, and four blue marbles, this being 
the same ratio as 20:10:40. We could “formulate” 
a cluster then by such an abbreviation as ReWBy. 

Furthermore, if the analyst had reported the percent- 
age of the total weight contributed by each color as 
being 32% red, 20% white, and 48% blue, instead of the 
absolute weights of 160, 100, and 240 grams, respec- 
tively, our calculations would have been just as simple. 
Neither should we have been troubled had he told us 
that the relative individual weights of the three kinds 
of marbles (based, say, on the weight of the white 
marble as unity) were 0.8, 1.0, and 0.6 instead of giving 
their actual weights of 8, 10, and 6 grams. The result 
would have been the same as seen*below. 


Marble 
Ratios 


% Relative 
Comp. Weights 


Red 32 0.8 40 2 
1 
4 


Integral 
Ratios 


“Formula” 


White 20 1.0 20 RWB, 


Blue 48 0.6 80 


The above kind of computation is exactly that which 
we made in the case of sodium sulfate. That is, we 
divide the percentage by weight of each element by its 
atomic weight, just as we divided the percentage by 
weight of each kind of marble by the relative weight of 
that marble, and then reduce the ratio to the simplest 
whole numbers. The two cases are thus analogous 
because atomic weights are relative weights, all being 
based on that of oxygen taken as 16. 
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MODIFIED WATER- 
BATH THERMOSTAT 


THE REV. BROTHER HORMISDAS 


Saint-Stanislas High School, Montreal, Canada 


EVERAL months ago, I undertook the prepara- 
tion of butyric acid by the fermentation of lactic 
acid. 

To control the temperature of the water bath (35°C.) 
I constructed the thermostat described in THIs JouR- 


low ary 


FIGURE 1 


Air-expansion chamber—500-cc. bottle 

Dry-cell circuit-breaker—copper wire No. 18 

Two-hole rubber stopper holding the two U-shaped glass 
tubes—one opened, the other closed 

Dry cell 

Relay 

Water-bath container 

5-mm. glass tubing, mercury-filled connectors 

Insulating material—electrician’s tape 

Constantin heating unit 


SONOS Che 


NAL [8, 969-70 (May, 1931)]. It did not operate 
satisfactorily. The dry cell soon gave way, as it was 
on closed circuit the greater part of the time. To over- 
come this difficulty I modified the apparatus as shown 
in Figure 1. The advantage of this arrangement is 
that the relay draws current from the cell only when 
the main current goes through the heating unit. This 
advantage is offset as the difference in temperature be- 
tween the water bath and the surrounding medium 
increases. 


However, over long periods of operation this mecha- 
nism is subject to failure. I simplified it as shown in 
Figure 2. The figure is self-explanatory. The device 
has been in continuous service during five weeks and 
has kept the water bath at an almost constant tem- 


FIGURE 2 


Circuit-breaker—mercury-filled test-tube 
Iron stand and clamp 
Water-bath container 
7-mm. glass tubing enclosing the float 
Float—3-mm. glass tubing sealed to an elongated 
glass bulb or to a larger tubing closed at the lower end 
Air-expansion bottle, 500-cc., mercury trap 
Copper wire No. 18 sealed to the float 
Mercury-filled test-tube—permanent contact 
. Glass tube and 110-volt leads 
10. Constantin heating unit, 12 ft., No. 24 


perature, the slight variation depending on the fluctua- 
tions of atmospheric pressure. 

The sparking in the mercury circuit breaker (1) 
is quickly minimized due to the formation of a copper 
amalgam which clings to the copper wire, and of a cup- 
like depression on the mercury level. 





Correspondence, manuscripts, and proofs designed to reach the editorial office on or after September eighth 


should be directed to Kent Chemical Laboratory, The University of Chicago. 


For further 


details concerning the change of address see the editorial page. \ 
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MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


The University of Wisconsin, Madison, Wisconsin 


PROBLEMS 31-35 


SOLUTIONS of the following problems will be 


given in the October issue. 


31. 


26. 


An organic compound was steam-distilled at 84° 
when the barometric pressure was 735 mm. The 
distillate contained 80.9 g. of the organic com- 
pound and 19.1 g. of water. The vapor pressure 
of water at 84° is417 mm. Calculate the molecu- 
lar weight of the organic compound from the re- 
lation: 


mo.c./My,0 = Mo.c.bo.c./Mu.0'Pu:0; 


where m, M, and p are the mass of the substance 
in the distillate, the molecular weight, and the 
vapor pressure at the temperature of the dis- 
tillation, respectively. 


Given y = e?/rDkT, what is the value of r*dr in 
terms of y and dy? 


33. 


34. 


If g = e?/2DkT and b = e?/aDkT, what are the 
values of y in the previous problem when r has the 
values of g and a? 


Show that 


2r rg q 
eW/kT — £ do Hf sin6d0 ‘f ef "DRT y2dy 
0 0 a 


may be reduced to 


eWW/kT an( oo) [revs 
DkT .. a 


(Use the results of 32 and 33.) 
By substituting NY = RT In (NK/1000) in the 
last equation of problem 34, show that 


4rN[ 2 \3 f° 
K-22 = —— Yy— Ady. 
1000 (57) i dies 


[J. Am. Chem. Soc., 55, 1022 (1933). ] 


SOLUTIONS OF PROBLEMS 26-30 
[J. Cuem. Epuc., 10, 509 (1933)] 


(a) The dimensions of both sides of an equation must be 
thesame. Thus if h = E/v then 
dimensions of. = dimensions of E/dimensions of », 
dimensions of h = ml*j-2/t-! = m/?t—. 
(h is usually given in erg-seconds, the dimensions being 
ml%t-? X t = mi*t-) 
hv/c? has dimensions of 
ml*t-) X t-1/1%t-2 = m. 
Dimensions of S = ml?t-2/]*t (energy/(area X time)). 
Dimensions of C = ml*t-2/]#t T* = mt-8T-4. 
The dimensions of the unit erg cm~? sec! deg~‘ are 
mi*t-2]-24-1 T-4 = mt T~4, 
which are the same as the dimensions of C and thus the 
units can be used to express C. (The c.g.s. system of 
units for the fundamental dimensions gives C in terms 
of the above unit.) 
Volume of a unit cube = (4.2 X 1078)' ce. 
= 7.41 X 10-* cc. 


Volume of 1 mol or 40.32 g. MgO 
= 7.41 X 10-73 X 6.06 X 1028/4cc. = 11.23 ce. 


40.32 g./11.23 cc. = 3.59 g. per cc. = density of MgO 


crystals. 
(pt) = eS aere) 100 = 422.2. 
3.2881 — 2.3675 
444.6 444.6 
444.6 — 2= —— — 1 )— = 15.326. 
6 — 422.2 = 6 100 100 
6 = 22.4/15.32 = 1.462. 
5.4240 — 2.3675 


3.2881 — 2.3675 


) 100 = 218.25. 


(pt) = 


29. 


Since the correction term is small only approximate values 
of ¢ and 6 need to be used. 
218 \es 


First approximation, 1.46(== — 1 )— = 3.66; ¢ = 221.9. 
- - 100/100 ? 


Second approximation, 1.46(== _ 1) = 3.96; ¢ = 222.2. 
100 100 

A further approximation using accurate values of 6 and ¢ 

can readily be shown to cause a change of only 0.02 degree 

in ¢, so the value 222.2°C. may be taken as accurate to 

O:E*: 


From the property-substance tables for boiling points 
(I. C. T., I, p. 310), densities (p. 313) and refractive indices 
(p. 276) the index number of the organic compounds having 
values of these properties in the range observed for the un- 
known substance are obtained. 


B. p. 130, 758, 727, 1612, 168, 277, 1535, 506, 792. 
d 208, 168, 395, 506, 3320, 1049, 262, 792, 5156. 
n 984, 1713, 665, 1714, 727, 726, 506, 1712, 823, 719. 


The only number common to these three groups is 506. On 
reference to the C-table, the unknown is found to be iso- 
propyl alcohol. 


Writing the formula of phenyl ether as C):Hi0O and refer- 
ring to the C-table one finds phenyl ether under the index 
number 4241. Its molecular weight is given as 170.08 and 
its density as 1.072 g./cc. The refractive index number is 
1019. From the refractive index table on p. 276, m is found 
to be 1.5826. Substituting these values in the equation for 
molecular refraction gives 


_ (1.5826)? — 1 170.08 _ 


os . 53.0. 
(1.5826)? + 2 1.072 
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KEEPING UP WITH CHEMISTRY 


More uses for copper. Ind. Bull. of Arthur D. Little, Inc., 
78, 1-2 (June, 1933).—Many new applications for sheet copper 
may result from a process recently developed, after years of re- 
search, for electrodepositing copper in thin wide sheets as light 
as 1 oz. per sq. ft., as wide as 30 inches, and in rolls of indefinite 
length and uniform thickness. The advantages of such a process 
include a much lower manufacturing cost, production in a few 
hours instead of weeks, use of cheaper raw material, and produc- 
tion of sheets of greater width than heretofore attainable. The 
new copper sheeting possesses interesting possibilities when 
bonded to textiles, felt, paper, fiber, and composition board, and 
to other metals. Automotive engineers are using a 11/>-0z. sheet 
specially embossed and bonded to a fabric by a flexible binder as 
a topping material for closed cars. A similar composite sheet is 
manufactured for use as roll roofing. Sheet copper is also finding 
application as a substitute for paper. Alone it has been used 
for novelty greeting cards; when composited to fiber-board, as 
book covers subject to severe usage as in libraries. The copper 
may also be chemically treated to take ink. Electrodeposited 
copper has a somewhat lower tensile strength across the sheet 
than rolled copper and a greater tendency toward the develop- 
ment of the green film during weathering. However, it dissipates 
heat so readily as to make allowance for expansion and contrac- 
tion unnecessary; and the speed and low cost, and the greater 
lengths and widths available indicate that there will be a con- 
siderable field for the new electrodeposited copper sheets. 

: G 


Making phosphoric acid in the blast furnace. H. W. EASTER- 
woop. Chem. & Met. Eng., 40, 283-7 (June, 1933).—This proc- 
ess is based on the following series of reactions: 


(1) Cas(PO.)2 + 3Si02. + 5C + heat 

—> 3CaSiO; + 5CO + 2P 
(2) 4P + 50, —> 2P.0; + heat 
(3) P20; + 3H,.0 —> 2H;PO, 


Reaction (1) is carried out in a blast furnace of overall height 
95 ft. with inside lines especially adapted to smelting phosphates. 
Slag is tapped every hour and the ferro-phosphorus formed from 
the iron impurities in the rock and coke is tapped every 12 hours. 
The latter contains over 24% phosphorus and is converted into 
trisodium phosphate by a special patented process. 

Reaction (2) is carried out in a large combustion chamber 
and the products led through suitable valves to hot-blast stoves. 

Reaction (3) is carried out in a specially designed hydrator. 
The phosphorus volatilization averages as high as 95% and the 
yield of P.O; is above 90%. The acid produced is an almost 
c.P. product. 43: Waite. 

Producing glass from furnace slag. C. A. BASORE. Chem. 
& Met. Eng., 40, 309 (June, 1933).—Blast-furnace slag serves as 
a cheap source of lime, silica, and alumina for glass manufacture. 
Cheap sand can be added if needed; however, liquid slag from the 
furnace can be made directly into glass. The glass may be green, 
brown, or black and has a sheen or gloss. The transparent 
varieties have a low coefficient of expansion, high tensile strength, 
good thermal endurance, and excellent resistance to corrosive 
agents. The black variety is suitable for floors, tiles, wainscoting, 
blackboards, doorknobs, vases, table tops, and as a substitute 
for black marble. J. Ws ets 

The chemistry of glass. C. H. GREENE. Rep. New Eng. 
Assoc. Chem. Teachers, 34, 102-10 (May, 1933).—The paper 
deals with the fundamental chemistry of glasses, the physical 
chemistry of glass, and indicates how some of these principles 
are applied in actual manufacture. A list of twenty physical 
properties of glass is given, followed by a discussion of each. 
One theory concerning the atomic arrangement in glass is that 


(a) an oxygen atom is linked to not more than two atoms of the 
glass-forming element. (6) The number of oxygen atoms sur- 
rounding the atoms of the glass-forming element must be small. 
(c) The oxygen polyhedra share corners, not edges or faces. 
(d) At least three corners of each oxygen polyhedron must be 
shared. : EG. 
Steel and glass, incorporated. Ind. Bull. of Arthur D. Little, 
Inc., 78, 4 (June, 1933).—Porcelain enamel is coming out of the 
kitchen into the rest of the house. As a protection against the 
ravages of the atmosphere, it is planned to apply porcelain enamel 
to gutters and to enamel iron pipes. Most notable of new por- 
celain enamel developments is its use as an exterior facing of build- 
ings. Asteel shingle, covered by dull-finish porcelain enamel and 
backed by asphalt felting, has recently been tested. Steel struc- 
tures, walled with insulating board and protectively faced by 
shingles or panels of porcelain-enameled sheet steel, can be taken 
down and set up elsewhere with great ease according to trend of 
business. These advantages are gaining a place for it in filling 
stations and luncheonette construction. All of this has been 
made possible in the porcelain enamel industry by fusing a form 
of glass on a metal base. G.:O. 
Chemical engineering achievements in petroleum refining. 
Chem. & Met. Eng., 40, 288-90 (June, 1933)—A book could be 
written on chemical engineering advances made in the petroleum 
industry during the depression years. Some of the highlights are 
improvements in cracking and distillation practices, recovery of 
by-products, refining improvements, new agents for chemical 
treatment, and solution of corrosion problems. Jer cee. 
Vinyl plastics from carbide. G. O. Morrison anp T. P. D. 
SHaw. Chem. & Met. Eng., 40, 293-7 (June, 1933).—Ethylidene 
diacetate is prepared by passing acetylene into glacial acetic acid in 
the presence of a suitably prepared mercury sulfate catalyst. 
Appreciable quantities of vinyl acetate are obtained as a side- 
reaction product. By varying experimental conditions and 
catalyst it is possible to make this reaction yield either nearly 
pure ethylidene diacetate or vinyl acetate. Vinyl acetate under 
the influence of light or heat forms resinous bodies of high mo- 
lecular weight and is sold under the trade name of ‘‘Gelba.”’ 
Ethylidene diacetate has been found useful as an acetylating 
agent, but its chief importance is in the production of acetic an- 
hydride. ; J.2W.-B. 
The minerals in milk. J. A. Tospey. Sci. Am., 149, 24-5 
(July, 1933).—About 25 minerals are listed. The effects of some 
of them and of other components of milk are discussed. 
EB. C.K, 
The corner metals of electrical distribution; copper, alumi- 
num, and lead. F.J. Brister. Chem. & Ind., 52, 447-51 (May 
26, 1933).—These metals associated in the distribution of elec- 
trical energy are among the most important in the world of in- 
dustry. Copper and lead are refined electrolytically after reduc- 
tion of the ore. Aluminum metal on the other hand cannot be 
refined so it is necessary to purify the ore before it is reduced. 
As the conductivity and certain other important properties of 
metals are altered to a large extent by small amounts of impurity, 
the industry now demands a purity which a decade ago could 
have been obtained only under laboratory conditions. 
E.R 


Corrosion fundamentals. C. E. Beynon. Chem. & Ind., 52, 
359-63 (Apr. 28, 1933).—Two types of corrosion are considered. 
One type takes place in the absence of an electrolyte while the 
second type takes place in the presence of an electrolyte. The 
first type consists chiefly of oxidation and one of the chief methods 
of protection depends upon the formation of a thin, coherent, 
protective film. Care must be taken to prevent abrasion of the 
film; amalgamation should also be prevented. The second type 
of corrosion is largely electrochemical in nature. Metals high 
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in the electrochemical series should not be placed in electrolytic 
solutions when connected with metals low in the series. Differ- 
ential aération, difference in rate of supply of oxygen to different 
parts of the same metal surfaces, is responsible for the setting up 
of a difference of potential in the system and electrochemical 
corrosion results. . A 
Industrial uses of rubber latex. D. F. Twiss. Chem. 
& Ind., 52, 410-6 (May 12, 1933).—The pioneer workers with 
rubber dealt chiefly with dry rubber, coagulated from the latex 
at the place where the material was gathered. Considerable 
time and effort were then expended in order to get the rubber in 
a fluid form again so that it might be used to greater advantage 
for waterproofing, forming protective coatings, etc. Thomas 
Hancock in 1824 tried to use the latex for some of these purposes 
rather than the masticated rubber in organic solvents. Progress 
was halted, however, by the difficulty of transporting the latex 
from the colonies without having it coagulate. This difficulty 
has been overcome and it is now common practice to ship the 
latex. The industries are making increasing use of latex for the 
direct manufacture of rubber articles. It is possible to vulcanize 
the rubber while in the latex so that when the water is evaporated 
solid, continuous rubber results. Several uses of the latex are 
discussed in detail. E. R. W. 
The réle of physics and chemistry in biology and medicine. 
G. Crite. Sch. Sci. Math., 33, 12-25 (Jan., 1933).—Medicine 
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and biology are rapidly becoming applied sciences of physics and 
chemistry. Problems in medical science to which mathematics, 
physics, and chemistry offer the only means of approach are: 
physical characteristics of living organisms and ceils; the essen- 
tial réle of electric potential in living cells; comparison between 
nitro explosives and protoplasm; the ‘‘all-or-none’’ law; ex- 
ternal origin of radiation of living organisms; internal origin of 
radiation in living organisms; significance of lability of nitrogen 
compounds; the réle of the bound nitrogen group in protoplasm; 
mechanism of sensitivity in living organisms and autosynthetic 
cells. j. 8. G. 
Lye etches design on aluminum. ANON. Pop. Sci. Mo., 
123, 61 (July, 1933).—Designs, traced on an aluminum surface 
which has previously been protected by a coating of paraffin, 
may be etched by the use of the reaction between aluminum and 
sodium hydroxide. Hf. 2. 
Rhodes Marsh yields its sodium sulfate. P.C.Ricu. Chem. 
& Met. Eng., 40, 304-5 (June, 1933).—The Rhodes Marsh, 9 
miles from Mina, ‘Nevada, is about 200 acres in area and covered 
with 6 in. to 2 ft. of silt. On the south half there is a 15-ft. de- 
posit of Glauber’s salt under this overburden. On the north half 
the Glauber’s salt is over'aid with a 3- to 5-ft. layer of thenardite 
(anhydrous sodium sulfate). At present these beds of thenardite 
are being mined and purified. The plant turns out 50 tons of 
finished product per day which is 97.33% NazSOy. J. W.H. 


APPARATUS, DEMONSTRATIONS, AND LABORATORY PRACTICE 


Home laboratory stunts you can easily do with metals. R. B. 
Waites. Pop. Sct. Mo., 122, 56 (Mar., 1933).—Experiments 
are described to illustrate the activity of finely divided lead or iron 
toward oxygen, the colors imparted to flames by metallic com- 
pounds, the use of bismuth in low-melting alloys, and the elec- 
trochemical action by means of which tarnished silver may be 
cleaned when heated in contact with aluminum or zinc and a solu- 
tion of baking soda. EE. 


A common-sense basis of chemistry teaching in secondary 
schools. Part III. Lecture demonstrations. G. T. FRANKLIN. 
Sch. Sct. Math., 33, 81-6 (Jan., 1933)—Experiments recom- 
mended for this part of the course include: (1) the preparation ° 
and the study of the properties of Cl, CO, AsHs, and even H,S, 
(2) certain experiments of an explosive nature such as combustion 
of Ca in O:, the reaction of Na and K with water and acids in 
general, (3) elementary oxidation-reduction reactions, and 
(4) conductivity experiments. J... 


SCIENTIFIC REVIEWS AND BIBLIOGRAPHIES; TABULATIONS OF SCIENTIFIC DATA 


Liquid ammonia as a solvent and reaction medium. H. 
Wo tnHorn. “Sch. Sci. Math., 33, 288-92 (Mar., 1933).—A 
branch of chemistry which embodies the largest single contribu- 
tion of American chemists to chemical theory because the studies 
of reactions on liquid ammonia and the development of an am- 
monia system of compounds have been carried out almost ex- 
clusively in American laboratories. A brief outline of this work 
is given. > Be G. 

The progress of atomic physics. A. Haut. Sch. Sci. Math., 
33, 253-65 (Mar., 1933).—A presentation of a brief outline on the 
progress of atomic physics, reasoning from the standpoint that 
there is some confusion in the minds of some students of chemistry 
as to the exact sequence of events which have led to our modern 
conception of atomic structure and behavior. Moseley’s work is 
well known, but the fact that Barklas’ researches with X-rays 
provided the former with a foundation on which to begin is not 
often mentioned in popular descriptions of the work on the atom. 


The same may be said of Marsden’s observations of H-rays from 
which Rutherford later proved that the atomic nuclei of the 
lighter atoms could be disrupted. J. Hac. 
Plastics and what they are. H. V. Potter. Chem. & Ind., 
Special Plastics Suppl., 52, 4-8 (May 19, 1933).—In the broadest 
sense of the word a plastic is a material which takes shape or 
form and retains that form for a period of time. Some of the 
common technical plastics are: bituminous plastics, natural 
resins, celluloid, casein, synthetic resins, and cellulose. The 
methods of preparation and the chief uses of these types are dis- 
cussed in non-technical language. E.R. W. 
Plastics: shellac and natural resin types and their uses. 
A. J. Gipson. Chem. & Ind., Special Plastics ai 52, 8-12 
(May 19, 1938). E.R. W. 
Plastics: celluloid and casein types and their uses. F. 
SproxTon. Chem.. & Ind., Special Plastics Suppl., ie 12-8 
(May 19, 1933). R. W. 


HISTORICAL AND BIOGRAPHICAL 


Chemistry in eighteen hundred and fifty-eight. O. J. WaL- 
RATH. Sch. Sci. Math., 33, 134-8 (Feb., 1933)—The author 
quotes from a chemistry text of some seventy-odd years ago with 
the idea of showing: G1) the educational aims and objectives of 
that time; (2) some theories current at that time; and (3) a 
few important changes that have taken place in the content of 
our science. EG: 

Manchester scientists of former days. 1. Chemists. J. R. 
ParTINGTON. Chem. & Ind., 52, 478-82 (June 9, 1933).— 
Thomas Percival, founder of the Manchester Literary and Philo- 
sophical Society, worked on Peruvian bark, tea, coffee, and cod- 


liver oil. Thomas Henry, father of William Henry, was inter- 
ested in dyes and mordants. William Henry studied gases and 
is known today for advancing Henry’s law. Edward Schunck 
was interested in natural coloring materials, madder, alizarin, 
lichens, indigo, cochineal, and chlorophyll. Edward Frankland 
studied organic radicals and organo-metallic compounds. Henry 
E. Roscoe worked on photochemistry and on vanadium com- 
pounds. He is perhaps best remembered as an author. Carl 
Schorlemmer studied the paraffin hydrocarbons. He wrote 
the organic part of the famous treatise by Roscoe and Schorlem- 
mer. E.R. W. 


FOREIGN CHEMICAL AND EDUCATIONAL CONDITIONS 


The scientific situation in Germany. Quoted from the New 
York Times. Science, 77, 528-9 (June 2, 1933).—At the May 
23 meeting of the Kaiser Wilhelm Society for the Advancement 
of the Sciences presided over by Professor Max Planck the 
following message to Chancellor Hitler was read: ‘‘The Kaiser 
Wilhelm Society for the Advancement of the Sciences begs leave 
to tender reverential greetings to the chancellor and its solemn 
pledge that German science is ready to codperate joyously in the 
reconstruction of the new national state.’ 


“Dr. Wilhelm Frick, Minister of the Interior, told the scien- 
tists what the state expected from them if it was to look after 
them.” 

No more Jewish scientists were eliminated and three were re- 
tained on the governing board. 

A news item from a correspondent in Holland says that “the 
declaration against Einstein, published by the Prussian Academy 
of Sciences, was not decided upon at a session of the academy.” 
Particulars are given. KaCy Ry 





RECENT BOOKS 


PRINCIPLES OF GENERAL CHEMISTRY. Stuart R. Brinkley, As- 
sociate Professor of Chemistry, Yale University. Revised edi- 
tion. The Macmillan Co., New York City, 1933. x + 585 
pp. 160 Figs. 14 Illustrated biographical sketches. 14.5 X 
21.5cm. $3.50. 


In reviewing the new edition of this unusual text one is con- 
stantly faced with the question presented by the original edition 
of what is the best arrangement of the subject matter of general 
chemistry for students who have had a previous elementary 
course. What material shall be included, what omitted; and 
what relationships shall be emphasized? With the wealth of 
material at hand teachers will differ in their selections and ar- 
rangements and texts will continue to offer features whith may 
be pronounced excellent and features which appear illogical. 
This text is no exception. 

The new edition continues and extends the plan of organiza- 
tion used in the earlier book—that of presentation by classes of 
compounds and types of reactions. The enlargement from 
twenty-nine to thirty-four chapters, an increase of 108 pages, 
allows a more adequate presentation of the subjects of atomic 
structure and the periodic system and approximately twice the 
space formerly given to the metals. These and the minor addi- 
. tions represent a distinct improvement. 

Chapter I of the first edition contained, following six pages of 
introductory material, brief discussions of the laws of chemical 
combination, equivalent, atomic, and molecular weights, the 
atomic theory, valence, atomic structure, and the periodic system 
all in the space of 13 pages. This was obviously too brief a treat- 
ment for these important topics. The new book extends these 
topics through three chapters, a total of 51 pages, and thus estab- 
lishes a sufficient basis for the continued use throughout the book 
of the electronic concept of valence and of reactions. This clear 
presentation of fundamentals in the opening chapters gives an 
improved character to the whole book. 

A single chapter on “Oxygen and Oxides” replaces two on 
“Oxygen and Basic Oxides’’ and “Acidic Oxides,” respectively, 
and better correlation is thus obtained. 

The two earlier chapters on ‘‘Bases’’ and ‘“‘Amphoteric Hy- 
droxides”’ are replaced by one on ‘‘The Oxides and Hydroxides of 
the Metals.”’ This change effects an improvement in organiza- 
tion with a permissible reduction of the material on amphoterism. 

In the four chapters on ‘‘Salts,”’ replacing three in the former 
edition, the salts are happily reclassified as: I. Nitrates, II. 
Halides and Sulfides, III. Sulfates and Phosphates, and IV. Car- 
bonates, Silicates, and Borates. The space devoted to the salts 
is increased by 8 pages and the presentation in general improved. 

Oxidation and reduction are not treated at length as before in 
a chapter with chromium and manganese, but these metals now 
enjoy the dignity of a separate chapter for the treatment of their 
compounds and oxidation and reduction are well illustrated in 
this treatment. The other metals are discussed in three chapters 
under the titles: ‘The Active Metals,” ‘Metals Obtained from 
Oxide Ores,”’ and “Metals Obtained from Sulfide Ores.” 

The concluding four chapters on “‘Electromotive Chemistry,” 
“The Fuel Gases,” ‘Saturated Hydrocarbons and Some of 
Their Derivatives,’ and ‘‘Unsaturated Hydrocarbons and Deriva- 
tives’ are, with minor alterations, the same as in the earlier edi- 
tion. 

The story of the book begins with the present; no historical 
background is presented, and historial material throughout is 
confined to the necessary minimum. The phlogiston theory is 
mentioned in a paragraph on the history of oxygen but not in 
connection with the explanation of combustion. 

Hydrogen continues to be taken rather for granted, and Cav- 
endish is mentioned only in connection with the rare gases. 

The gas laws are presented in the chapter on “States of Mat- 
ter.’”’ It may be questioned if these laws should not be given sepa- 
rate treatment, if for no other reason than to allow greater empha- 


sis on the energy changes involved in the changes of state. Heat 
of fusion, heat of vaporization, etc., would seem to merit greater 
elaboration and illustration by numerical problems involving 
not only water but various other substances. 

Equilibrium is first presented in Chapter VI, illustrated exclu- 
sively by reactions in the gaseous phase. Reversible reactions 
are shown in Chapter IV, in Chapter VIII in the study of “‘ioniza- 
tion,” and as required thereafter; yet the formal presentation 
of “‘Equilibrium in Solution” is reserved for Chapter XX, for no 
easily apparent reason. 

Well-chosen questions for study exercise and references for 
supplementary reading are included with each chapter, but nu- 
merical problems are deplorably lacking. 

An obvious error is noted on page 94, first line, where reference 
is made to the ‘‘potential’’ energy of moving liquid particles. 
The book is notably free from such errors. 

The book presents an excellent body of material from a point 
of view rather different from that usually given to beginning col- 
lege students; it should prove stimulating to both teachers and 
students who may use it either as a regular or as a reference text. 
Wn. A. HAMMOND 
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SECOND YEAR COLLEGE CuHeEmistRy. William H. Chapin, 
Professor of Chemistry in Oberlin College. Third edition. 
John Wiley & Sons, Inc., New York City, 1938. xiii + 374 
pp. 40 Figs. 15 X 23cm. $3.00 net. 


The author assumes that students in first-year chemistry gain 
a fair knowledge of facts, but very little knowledge about general 
principles. This well-known text is therefore intended to serve 
as a guide for a review of, an expansion of, and a drill upon, gen- 
eral principles, in order that students may have these as working 
tools for their advanced work in chemistry. In the twenty chap- 
ters of the third edition generalizations concerning the following 
topics are discussed: kinetic theory, gases, change of state, laws 
of weight relationships, molecular and atomic weights, atomic 
theory, chemical calculations, valence and valence changes, 
periodic system, radiations, atomic structure, solubility, colliga- 
tive properties, ionization, homogeneous and heterogeneous 
equilibria, indicators, colloids, electrochemistry. In this edition 
indicators are discussed from the viewpoint of homogeneous 
equilibrium. The subjects of colloids and pH are introduced 
earlier in the book than in former editions. The treatment of 
solubility product has been modernized somewhat. The author 
covers the work in two periods a week during two semesters. 
All subjects are treated in the classroom before they are treated 
in the laboratory. 

The non-mathematical treatment of these topics is little more 
rigorous than one will find in some of the more comprehensive 
textbooks of general chemistry. Very little descriptive inorganic 
is included and no organic or analytical chemistry is presented. 
The book is very well written and the few errors are of minor 
importance. There can be no doubt but that the book fulfils 
the purpose of the author and that it is an ideal book for students 
who have devoted their first year to a study of purely descrip- 
tive chemistry. 

There is a question in the mind of the reviewer, however, as to 
whether the first-year course in college chemistry needs to, or 
should, emphasize facts rather than principles. The reviewer 
believes that students who have had a first-year course in which 
general principles were emphasized, followed by a semester of 
qualitative analysis and one of organic chemistry, in which 
courses facts are related to the general principles, are very well 
prepared for advanced work in chemistry. Perhaps they have 
a broader foundation than those students who had all descriptive 
chemistry the first year and all theory the second year. 


UNIVERSITY OF NEBRASKA E. RoGER WASHBURN 
LINCOLN, NEBRASKA 
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ELEMENTARY QUANTITATIVE ANALysIS. Hobart H. Willard, 
Professor of Analytical Chemistry, University of Michigan, 
and N. Howell Furman, Associate Professor of Chemistry, 
Princeton University. D. Van Nostrand Co., Inc., New 
York City, 1938. viii + 406 pp. 35 Figs. 14 X 21.5 cm. 
$3.25. 


The teaching of elementary quantitative analysis, in the 
writer’s opinion, should be directed by those actively engaged 
in research in quantitative analysis. The proper enthusiasm 
for the direction of courses in quantitative analysis, a suitable 
perspective, and a stimulating example are thus provided. 
Elementary quantitative analysis must be taught following a 
blending of the best theories and practices of former years 
together with those corresponding to the modern developments. 
A tradition for proficient teaching in quantitative analysis is 
possessed by but few of our large universities. Such a record 
might well be the guiding motive in the writing of a text on the 
subject. All these qualifications have been amply fulfilled by 
the authors of this text. The work has, therefore, probably 
no equal in the field. 

The objectives outlined in the preface to this text have been 
creditably fulfilled. Methods of volumetric and gravimetric 
analysis are treated as well as the introduction to electroanalysis. 
Methods of calculation and the explanation of reactions are 
presented together with the procedures. The text is not intended 
to be accompanied by lectures in any but a casual exception. 
It is expected that if the theoretical parts are to be covered 
extensively the lecture may wisely be more frequently em- 
ployed. The new physical-chemical aspects of the theory of 
solution are adequately presented. The application of colloidal 
phenomena to quantitative analysis is also well covered. 

There are twenty-seven detailed procedures involving gravi- 
metric analysis, including electroanalysis. The theory and 
applications in this group are covered by chapters XIII to XIX, 
inclusive. One chapter each is devoted to the theory of gravi- 
metric and electrolytic precipitations in this group. The method 
of presentation in each case is under the head of “Principles,” 
“Other Applications’ in the use of the various methods and 
“Interfering Substances,”’ followed by the detailed “‘Procedures.”’ 
A section on “‘errors’’ associated with the method is often given. 
Review questions and problems are inserted at frequent inter- 
vals. Every occasion is grasped to stimulate a thought effort 
on the part of the student. This is most frequently done by the 
use of parenthetical insertions of questions which are unique 
in a text of this nature. 

The general principles of volumetric analysis, together with the 
practical procedures and discussion of the theory, are contained 
in chapters V to XIII. There are thirteen practical procedures 
in this section. The treatment comes under the same headings 
as those for gravimetric procedures described above. The 
divisions of volumetric analysis are, in order: acidimetry and 
alkalimetry, volumetric precipitation, oxidation and reduction 
reactions, and iodometry. The method of presentation is that of 
theoretical consideration followed by practical procedures. 
Wherever appropriate, the theory is accompanied by the electro- 
chemical treatment. Adsorption indicators are discussed in 
the case of precipitation reactions and applied in laboratory 
exercises. The theoretical treatment in’ the case of oxidation 
and reduction reactions is very complete and teachable. Ceric 
sulfate reactions are included for the first time in an elementary 
text. The material considering “associated applications’ to the 
volumetric analyses is probably more extensive than in any 
other elementary text. 

The material presented is probably more general and the theory 
more advanced than can be assimilated in the ordinary first 
year’s work in quantitative analysis. The material is properly 
arranged for suitable omissions. Volumetric work has been 
presented preceding gravimetric. This practice has not been 
found preferable by those in charge of work using the text in its 
previous litho-printed stage during the past two years at the 
University of Illinois. The arrangement is such that gravimetric 
analysis can be made to precede volumetric with no difficulty. 
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The objectives of the authors have been attained in full measure 
as proved by progress made by large classes of students at the 
University of Illinois. 

The volume is not without a goodly measure of faults. Illus- 
trations, exclusive of graphs, are very poor, Figures 1 and 2 being 
illustrative. Other illustrations are given in an offending mix- 
ture of cross-section and perspective. Typographical errors 
are not numerous and errors in transcription are not many. 
The index to the book is not particularly thorough. The material 
in the introductory chapter I might properly be materially 
reduced but serves the worthy purpose of calling the elementary 
student’s attention to the scope of quantitative analysis as a 
worthy study to be used as the basis of a life’s work. The 
text might well be more extensively illustrated, particularly in 
the case of photographic presentation of balances and perhaps 
reagent storage with automatic burets and transfer apparatus. 
The writer would favor the use of methods illustrating briefly 
colorimetric determinations with some of the cheaper colorime- 
ters as the instruments employed. These methods are now 
developed to the stage demanding elementary treatment. 
Lastly, one would prefer a better type of binding and quality 
of paper than that used. A copy of the text when once the object 
of an earnest student’s introduction to quantitative analysis will 
undoubtedly be an item of his continuous possession for reference. 

This text, in the writer’s opinion, will meet with such a hearty 
response on the part of educational institutions, both colleges 
and universities, that the present edition is but the forerunner 
of subsequent revisions and extensions. As the product of more 
than twenty years’ practical experience in the field of teaching, 
it undoubtedly has no equal from the point of practicability. 
It is more stimulative of interest on the part of the average 
student than any other text in the field. This has been proved 
by several years’ observation on the part of the writer from use 
of the material in its former litho-printed form. 


UNIVERSITY OF ILLINOIS G. FREDERICK SMITH 
URBANA, ILLINOIS . 


QUANTITATIVE CHEMICAL ANALysIS. George McPhail Smith, 
Professor of Chemistry in the University of Washington. 
Third edition, revised and enlarged. The Macmillan Co., 
New York City, 1933. xii + 199 pp. 14.25 X 21.5 cm. 
$2.25. 

This book has had successful use for fourteen years, and so 
needs no introduction. The present edition follows practically 
the same lines as the previous ones, but with some important 
modifications, all of which are improvements. The general 
arrangement is as follows: 

Part I. Introduction, covering general matters such as weigh- 
ing, precipitation, filtration and washing, drying and ignition, 
and a rather complete discussion of pH control. This last is a 
new addition, reflecting the growing importance of the subject 
in premedical and other work. 

Part II. Gravimetric Analysis covers the usual introductory 
determinations, including practice work;with the balance and the 
electrolytic determination of copper. 

Part III. Volumetric Analysis covers dichromate, perman- 
ganate, iodometric, and precipitation methods. 

Part IV. Questions, to be used for study and review. 

Part V. Analytical Problems. 

To all this is added an appendix covering the preparation of 
reagents, ‘‘analytical samples’ for use of students, a list of ap- 
paratus, logarithms, etc. 

Under the individual determinations the arrangement of ma- 
terial remains as it was in the previous editions, namely: 

(a) ‘Method,’ a general outline of the work; 

(b) ‘Procedure,’ detailed directions for the student; 

(c) “Notes,” explaining the procedures, and in some cases 
adding new material in the form of alternative methods. 
References to the literature are also included, making it 
possible to carry the study beyond the given procedure. 

All the material in the book is so well arranged, so clear, and 
so accurate that the reviewer does not wish to criticize. However, 
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he may be pardoned for raising certain points for discussion. On 
page 25, in discussing the validity of the solubility-product prin- 
ciple, the statement is made that the “concentration of the non- 
ionized molecules is a constant.” Now it has been proved be- 
yond question that this is not true. Moreover it is not necessary 
to make such an assumption. The important thing is the fact 
that the ‘product of the concentrations of the ions in a saturated 
solution is very nearly a constant,’’ whether the non-ionized part 
is a constant or not, and in the very dilute solutions in contact 
with quantitative precipitates the non-ionized part is a negligible 
factor. 

Some teachers question the usefulness of “‘explanatory notes,” 
arguing that students will not read them. They think that all 
such statements should be so woven into the “procedure” that 
the student is obliged to get them. Personally, the reviewer 
thinks that a student who has to be tricked into learning anything 
is not worth saving. It is easy enough to find out whether he 
does know such things by use of classroom quizzes, and it would 
not be a bad idea to make these quizzes precede the laboratory 
work, if possible. A good student will learn everything he can; 
all he needs is the opportunity, and this is adequately presented 
in the explanatory notes. There is a question, on the other hand, 
whether the material included in these notes might not better be 
woven into the introductory ‘“‘Method,” and so made to introduce 
the ‘“‘Procedure.’”’ This would be the logical order, and the ‘‘good 
student” would profit by it. The reviewer has not done this in 
his own book, but he is thinking of making the change. 

One other point: it is getting to be rather common now to let 
volumetric analysis precede the gravimetric, the argument being 
that the volumetric is easier. To the reviewer it seems advisable 
that at least acidimetry and alkalimetry, with a proper study of 
indicators, should come first, largely because of the great 
importance of such matters in precipitation reactions. On the 
other hand, volumetric oxidation and reduction should be pre- 
ceded by a careful study of potential relations, and so might well 
be deferred to near the end of the course. Volumetric precipita- 
tion reactions are probably best studied after other precipitation 
reactions have been taken up. Here again the reviewer acknowl- 
edges his own inconsistency but pleads the right to change his 
mind. 


OBERLIN COLLEGE 
OBERLIN, OHIO 


W. H. Cuapin 


THE CHEMISTRY OF ORGANIC CompouNDs. A YEAR’S COURSE 
IN ORGANIC CHEMISTRY. James Bryant Conant, Professor of 
Chemistry, Harvard University. The Macmillan Co., New 
York City, 1933. xii +623 pp. 44 Figs. 14.5 X 21.5 cm. 
$4.00. 


This is the third textbook from the pen of the newly elected 
president of Harvard University, the other two being “‘Practical 
Chemistry: Fundamental Facts and Applications to Modern 
Life,’ by Black and Conant, Macmillan, New York, 1920, and 
“Organic Chemistry: A Brief Introductory Course,’’ Macmillan, 
New York, 1928. It is a textbook for a full-year course and de- 
velops the subject along the same general lines as the author’s 
earlier and shorter book. Alcohols are taken up at the beginning 
and the necessity for structural formulas is made apparent, the 
idea of isomers being introduced at once. ‘‘Two compounds 
which have the same molecular formula are said to be isomers”’ 
is a gratifying definition—for we may, and often do, know that 
two substances are isomers without knowing the structure of 
either—and it illustrates the logical manner in which the subject 
of organic chemistry is presented. First what we know, and 
then what we infer from that which is known. Alkyl halides, 
ethers, and ethereal salts are discussed before the hydrocarbons 
are considered. “The double bond is a convention signifying 
to the organic chemist the existence of two carbon atoms, side 
by side, each of which may add an additional monovalent atom 
or group.”” The more recent developments of fundamental or- 
ganic chemistry are treated adequately. 

“The electron theory of valence is introduced and used to 
the extent to which it is at present of value to the organic chemist. 
The distinction between polar and non-polar valence in the am- 
monium compounds and the electronic structures of amine oxides, 


sulfones, sulfonyl compounds, isonitriles, and nitro compounds are 
subjects which seem to the author to be of great importance. 
They have, therefore, been included. On the other hand, the 
electronic formulas for aromatic compounds have been omitted 
as there is at present no agreement on this subject and the pro- 
posed formulas have little to recommend them to an elementary 
student. In short, the electronic theory of valence in the present 
stage of its development has little advantage over the usual 
structural theory in a consideration of hydrocarbons and their 
oxygen derivatives. In dealing with many nitrogen and sulfur 
compounds, however, the electronic theory can be of great ser- 
vice and in these cases a brief consideration of it seems warranted 
in even a first year’s course.” 

The last two chapters deal with ‘‘Plant and Animal Pigments, 
Sterols, Vitamins’ and “Advanced Topics in Stereochemistry.” 
The author states in his Preface that he “‘would not maintain that 
the subjects considered in these last two chapters are more im- 
portant than many others which might have taken their place. 
Both chapters include considerable new material which has been 
discovered in the last few years. It is believed that the ambitious 
student is often more interested in pursuing some current devel- 
opment of the subject than in studying some equally important 
development of the past.” 

The book is supplied with an excellent index. 
up to date, logically arranged, and teachable. 


Mass. INSTITUTE OF TECHNOLOGY TENNEY L. DAvIs 
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This book is a compilation of a series of reviews dealing with 
recent advances in the field of biochemistry. It is a continuation 
of a volume which was issued for the first time last year under the 
editorship of Professor James M. Luck of Stanford University. 
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The various chapters are discussed under the following headings: 
Permeability; Biological Oxidations and Reductions; The Chem- 
istry of the Carbohydrates and the Glycosides; The Chemistry 
of the Amino Acids and the Proteins; The Chemistry and Me- 
tabolism of the Compounds of Sulfur; The Chemistry and Me- 
tabolism of the Nucleic Acids, Purines, and Pyrimidines; Carbo- 
hydrate Metabolism; Fat Metabolism; The Metabolism of Pro- 
teins and Amino Acids; The Metabolism of Creatine and Crea- 
tinine; Mineral Metabolism—Calcium and Magnesium; The 
Hormones; Vitamins; Nutrition; The Chemistry of Muscle; 
Chemical Embryology; The Comparative Biochemistry of 
Vertebrates and Invertebrates; Detoxication Mechanisms; 
Plant Pigments; The Alkaloids; Chemical Aspects of Photo- 
synthesis; Mineral Nutrition of Plants; The Chemistry of Bac- 
teria; Immunochemistry; The Biochemistry of the Fungi. 

These various chapters are discussed by recognized leaders in 
their special fields of work and include Canadian and also Euro- 
pean authors, especially English and German. 

The most valuable features of the book are citations from litera- 
ture which are compiled at the end of each chapter. While there 
may be a difference of opinion regarding the scope of the work 
covered by the respective writers, it is the conclusion of the re- 
viewer that these literature citations at the end of each chapter 
are really a most important feature of the book. They allow 
one to follow closely the more important advances and offer a 
plan for literature compilation which is invaluable. At a time 
when the most rapid advance is being made in scientific work 
dealing with the many problems of biochemistry and the impor- 
tant relationship of this science to other branches of biological 
work, it is absolutely impossible to review all papers that are 
presented in our journals. 

The authors in this review have exercised very good judgment 
and have referred more particularly to the outstanding contribu- 
tions, and it is the writer’s opinion that the choice of the more 
important publications has been well made. The book should 
be in the library of every researcher who is interested in the de- 
velopments of biochemical research. 


Yave UNIVERSITY T. B. JoHNSON 


New Haven, CONNECTICUT 





ALBERTUS MAGNUS (1193-1280), eldest son of the Count of 
Bolstadt, was Provincial of Dominicans in Germany from 1254 
to 1257 and Bishop of Ratisbon from 1260 to 1262, but resigned 
both of these positions, evidently because he preferred to devote 
himself more fully to his studies. He was the most prolific of 
the writers of the thirteenth century, the most influential of its 
teachers, and the dean of its scholars. It was natural that he 
should write on alchemy. 

Lynn Thorndike in his “History of Magic and Experimental 
Science” expresses the opinion that the quality of the rhetoric 
of the treatise de Alchimia indicates that Albert was the real 
author of it. Internal evidences in this treatise and in that 
de Mineralibus indicate that their author had an experimentalist’s 
acquaintance with his subject and a profoundly scholarly fa- 
miliarity with the literature and traditions of alchemy. Both 
works are sources of first-rate importance for the study of the 
history of chemistry. The latter treatise contains one of the 
earliest references in Latin to the Emerald Table of Hermes 
Trismegistos and quotes portions of that document. The former 
shows evidences both of the tradition of Arabic alchemy, which 
hoped to produce real gold artificially (see below), and of the 
tradition of Alexandrian alchemy which sought to produce 
imitation gold for the deceit of the unwary. The author says, 
“And, as I might briefly say, all metals are transubstantiated 
into Sun and Moon which are equal in all respects to the natural 
material in all operations, except that the iron of Alchemy is 
not attracted by the magnet and the gold of Alchemy does not 
gladden the heart of man, nor cure leprosy, and a wound festers 
which is made by means of it, a result which does not occur 
from natural gold. In all other operations, such as hammering 
and the test, it is like the natural material, and its color lasts 
forever.” He also says, as the Latin Geber does, that sulfur is 
the fatness of the earth (Sulphur est enim pinguedo terrae)—a 
circumstance which tends to make one think less highly than is 
usual of the originality of Becher’s ¢erra pinguis. 

The following new translation of a portion of the Preface of the 
treatise de Alchimia shows that there is something of the Albertine 
rhetoric which cannot be destroyed by rendering it into another 
language. 

“Although I have traversed with the greatest labor many 
regions, and very many provinces, and even cities and castles, 
in the cause of the science which is called Alchemy, and have 
inquired diligently from men of letters and from wise men 
concerning this art in order that I might investigate it more 
fully, although I have written out in full all their notes and have 
very often sweated over their processes, I have nevertheless 
found nothing true among the things which their books affirmed. 
I have examined books of contradictions and affirmations and 
have found them to be empty of all profit and foreign to all good. 


ALBERTUS MAGNUS 


From an engraving after the painting by Giov. Angelico D. Fiesole in the 
Dominican Monastery at Florence. 


I have found many wealthy men of letters, Abbots, Commanders, 
Canons, Physicians, and illiterate men who have made great 
expense and labor on account of this same art, and they also 
failed for they were not capable of investigating the art. But 
I indeed have not despaired of making infinite labor and expense, 
being vigilant, going from place to place at all times, and medi- 
tating, as Avicenna says, ‘If this is the thing, in what manner is 
it, and if it is not, in what manner is it not?’ I have likewise 
persevered in study, in meditation, and in labor on the processes 
themselves, until I have found out what I sought, not by my 
own science but by the grace of the Holy Spirit. Then, when I 
should know and should understand what would conquer nature, 
I began more diligently to keep vigil with the decoctions, subli- 
mations, solutions, distillations, cerations, calcinations, and 
coagulations of Alchemy, and in many other labors, until at 
length I found the transmutation to be possible into Sun and 
Moon which are much better than any natural material in every 
test and hammering.” 


(Contributed by Tenney L. Davis) 
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OSEGAY FOR A CONTRIBUTOR. Since the 

Washington meeting we have looked forward 

with pleasure to the publication of the paper by 
Charles W. Stillwell of which the first instalment 
appears in this number. “Chapters in Crystal Chem- 
istry for College Freshmen” accords so thoroughly with 
our own philosophy of elementary chemical instruc- 
tion and illustrates so many of the ideas which in our 
more optimistic moments we call “truths” that we 
cannot forbear to comment upon it. 

In the first place it demonstrates, we believe, that 
Mr. Culbertson’s contention regarding bridge is also 
applicable to chemistry. There should not be ‘“‘two 
concurrent forms of principles, one for the expert and 
the other for the ‘dub’.’”’ When new developments 
in science really constitute fundamental contributions, 
when they modify, or throw new light upon, basic 
principles, then they must be considered elements of 
the science and subject matter appropriate to the 
elementary course. 

The old-fashioned notion of valence was well enough 
when we had nothing better, and it served to explain 
a limited range of facts rather neatly. It left such 
matters as water of hydration, intermetallic com- 
pounds, and complex ions rather unsatisfactorily 
accounted for. Present knowledge of the constitution 
of the atom and of crystal structure enables us to offer 
a much more satisfactory and more comprehensive 
picture. Such a picture should be offered in the ele- 
mentary course. It is little more difficult for the stu- 
dent to grasp than the ideas of 1900, and it leaves 
him with less to unlearn, modify, or amplify. 

There seems to be far too general a disposition to 
assume that the presentation of “advanced” ideas 
must wait upon greater maturity and longer experience 
than are enjoyed by the elementary student. There is 
often too tender a solicitude about the danger of 
“confusing” him. This attitude seems to us to be 
based upon several misconceptions. We have no doubt 
whatever that the difficulty of new or modernized 
subject matter is often greatly over-rated. We suspect, 
furthermore, that the intellectual capacity of the ele- 
mentary student is as often considerably under-rated. 
Not that he does not frequently justify our most 
pessimistic estimates. When his interest is not engaged 
he can display as crass and irritating a stupidity as 
that of a pet dog who is not in the humor for per- 
forming tricks, or that of a French peasant who finds 
it expedient to forget suddenly all his usually adequate 
knowledge of English. When, however, he is taken into 
partnership and invited to share in some small ad- 
venture in scientific speculation his enthusiasm and his 
mental capacity are often surprising. 

It is too often ignored that intellectual capital may be 
either productive or non-productive. Whether a 
certain bit of subject matter furnishes the basis of one 
or the other kind of intellectual capital depends pri- 
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marily, of course, upon the intrinsic nature of the sub- 
ject matter. But it also depends considerably upon 
the manner of presentation and the time of presenta- 
tion. An idea or a fact may be productive in either or 
both of two ways. It may help to breathe life and 
interest into a topic otherwise dull, or it may constitute 
a clarifying and unifying principle which tends to make 
easier and more understandable all that is to follow. 
As unproductive we would classify all those items 
which are memorized for the purpose of examination 
reproduction. It is often worth while to expend upon 
a bit of potentially productive subject matter, offered 
early in the course, an amount of time and labor which 
would be totally unjustified if the same topic were 
introduced near the end as a sort of addendum. 

Another virtue of Professor Stillwell’s paper is its 
exemplification of the fact that the alert and energetic 
instructor need not be bound by the limitations of his 
textbook. Even the best of textbooks is to some ex- 
tent out of date when it issues from the press. Very 
seldom is revision as frequent or extensive as could be 
desired economically feasible. Never is the wealth of 
detail or the range of subject matter which many of us 
would consider ideal physically possible. 

It is not irrelevant to repeat what we have heretofore 
remarked in these columns—that the correlators, the 
interpreters, the protagonists, as Dr. Bancroft calls 
them, perform a function quite as useful as that of 
the discoverers. Explorers 
have claimed continents, 
but it has required colo- 
nists to seize those conti- 
nents and make them fruit- 
ful. Wars may be fought 
in the air and battles may 
be won by heavy artillery 
but objectives are taken 
and held in the mud with 
bayonet and _ rifle-butt. 
The teacher need not feel 
that all the conquests of 
science are made in the 
laboratory. The library table and the study desk have 
been the scenes of notable achievements. 

Finally, it seems to us that Professor Stillwell has 
shown rather convincingly that chemistry can be made 
interesting in its own right without over-emphasis 
upon the romance of scientific achievement or the 
wizardry of modern alchemists. There is, of course, 
a true romance of scientific achievement but it is 
hardly ever sensed by the romanticist. Nearly always 
the real thing is distorted or obscured by some spurious 
concoction of his imagination. By all means let us 
encourage the student to experience his own romance of 
science. An acquaintance with Dante and Beatrice 
will do him good but it will be neither so illuminating 
nor so satisfying as an affair of his own. 











SOME of the NEWER THINGS 
ABOUT CELLULOSE’ 


GUSTAVUS J. ESSELEN' 


73 Newbury Street, Boston, Massachusetts 


Although the use of cellulose in the form of paper and 
textiles dates back to antiquity, it 1s only comparatively 
recently that it has assumed importance as a chemical 
raw material. This situation was chiefly due to lack of 
information regarding the chemical nature of cellulose, 
for in point of available supply and ease of renewal, cellu- 
lose ts an ideal raw material. Recent advances in cellu- 
lose study include both new fundamental information re- 
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LTHOUGH the use of cellulose as paper has been 
known for over a thousand years and its use as 

a textile fiber even longer than that, it is only 
during the last seventy years or so that cellulose has 
begun to function as a chemical raw material. Even 


then, those chemical processes which had reached a 
manufacturing scale, particularly the manufacture of 
explosives and celluloid, were largely on an empirical 


basis. The first fact about the constitution of the cellu- 
lose molecule which became generally recognized was 
that cellulose is a carbohydrate of the general type of an 
aliphatic alcohol and it was later found that it could be 
hydrolyzed quantitatively to glucose. It was not, 
however, until about eleven years ago that it was finally 
recognized that in the elementary cellulose grouping, 
CséHi00;, there are three and only three hydroxyl 
groups, one being a primary alcohol group and the other 
two, secondary. This point, so neatly demonstrated by 
Denham and Woodhouse (1), is now one of the few 
points universally accepted from a bewildering assort- 
ment of data on structure. The recognition of this 
fact has been of very real practical value as well as of 
theoretical importance, for in almost every commercial 
application of cellulose, the reaction of the hydroxyl 
groups enters at some stage of the processing. 

Further extensive chemical investigations by a num- 
ber of investigators, together with the results of X-ray 
studies, have given us in recent years a more detailed 
picture of the internal structure of the cellulose mole- 
cule. The X-ray data, based on the original concep- 
tions of Laue as amplified by the Braggs, was first ap- 
plied to cellulose by Sponsler and Dore (2) in this 
country. It was extended by Mark and Meyer (3) 
abroad and confirmed by Clark (4) in this country. 

* Presented before the Division of Chemical Education at the 
eighty-fifth meeting of the A.C.S., Washington, D. C., March 28, 
1933, as a contribution to the symposium on ‘‘Recent Develop- 
ments in Various Chemical Industries.” 


t President, Gustavus J. Esselen, Inc., Consulting Chemists 
and Chemical Engineers. 


garding the structure of the cellulose molecule, as well as 
new applications and economies in industry. Cellulose 
ester industries have bettered both quality and price; 
rayon has tmproved in respect to feel, strength, and ap- 
pearance; and cellulose plastics are assuming réles of 
increasing importance. New compounds of cellulose are 
being developed with increasing frequency and several of 
these give promise of becoming industrially important. 


++ + 


This combination of chemical and physical contribu- 
tions has resulted in a picture of cellulose configuration, 
which until recently was the generally accepted one. 
In this, cellulose is seen to have crystalline properties 
as revealed by the X-ray diffraction patterns. The unit 
crystal cell responsible for the crystalline properties is 
believed to consist of four glucose residues joined by the 
1-4 glycosidal oxygen bridges to form two cellobiose 
residues in each unit crystal cell. The small size of the 
unit cell may be correlated with the known high molecu- 
lar weight and colloidal properties by the concept of 
long primary-valence chains of anhydro-glucose resi- 
dues bound together by secondary valence forces to 
form the micelle, two links of each chain appearing in 
the unit cell. This roughly sketched idea has been ex- 
tended and elaborated to account for the structure of 
the cellulose fiber, including its high longitudinal 
strength, the presence of the outer layer of fibrils in the 
cellulose fibers from wood, and the orientation about 
the long axis of the fiber. 

Lately, however, this conception has been attacked 
by Freudenberg (5) who claims that cellulose cannot be 
considered as a glucose anhydride inasmuch as the only 
sterically possible 2,3,6-trimethylglucose anhydride, 
which he has prepared, is a low-boiling oil entirely dif- 
ferent from trimethylcellulose. Moreover, Willstatter 
and Zechmeister (6) have shown evidence of cellotriose 
and cellotetrose from the hydrolysis of cellulose which 
Freudenberg feels conflicts with the idea of two cellobi- 
ose anhydride residues in the cellulose unit. Likewise 
methylated cellotriose and -tetrose have been isolated by 
distillation of methylated degradation products of 
cellulose. From demolition kinetics, Freudenberg cal- 
culates that cellulose must consist solely of long chains 
of glucose residues joined entirely by primary valences. 
His demolition data do not satisfy equations dependent 
on the cellobiose structure. He admits that his con- 
ception of the cellulose molecule calls for the presence 
of tetramethylglucose upon the hydrolysis of methyl- 


585 








586 


ated glucose due to the methylation of the end glucose 
residue of the chain, but points out that in a chain of 100 
units the amount would be too small to isolate, or that 
the failure may be explained if we assume a loop struc- 
ture for the cellulose chain or an anhydride structure for 
the open aldehyde end of the chain. 

These ideas are supported in a measure by Staudinger 
(7) who also declares that the idea of secondary valences 
in a cellulose micelle must be abandoned and that the 
macromolecule is joined solely by primary valences. 
Staudinger and Schweitzer (8) have offered methods for 
determination of molecular weight based on the vis- 
cosity of solutions of cellulose in Schweitzer’s reagent or 
solutions of cellulose derivatives in suitable solvents. 
These methods are in accord with Staudinger’s work 
with other highly polymerized bodies. He gives a mo- 
lecular weight of 190,000 to cellulose from purified cot- 
ton but has evidence to show that some degradation 
has occurred in purification and that the figure is too 
low. This value is higher than that calculated by 
Freudenberg from demolition kinetics (about 50 glu- 
cose residues, mol. wt. 8100) which Freudenberg thinks 
is too low, or that obtained by Stamm (9) using the 
ultra-centrifuge (40,000) and much higher than any of 
the values obtained by freezing-point methods which are 
now open to considerable question. In this connection, 
it is of interest to note that Staudinger and Schweitzer 
have found that rayon made by the cuprammonium 
process has a molecular weight of only 35,000 or a little 
more than one-sixth that of purified cotton. 

No discussion of recent work on the structure of 
cellulose would be complete without mention of Hib- 
bert’s (10) successful synthesis of cellulose by the action 
of bacteria on lower carbohydrates, which is not only of 
chemical significance but bears on the discussions con- 
cerning the mode of formation of cellulose in the plant. 

The true significance of work such as that briefly 
outlined above becomes apparent when we consider 
that such a foundation of knowledge is bound to result 
not only in improvements in the long-established indus- 
tries which are based upon cellulose as raw material, 
but in all probability will ultimately result in the estab- 
lishment of entirely new industries. Of the established 
cellulose industries, the paper and cotton and linen 
textile industries are the oldest. In the latter part of 
the nineteenth century there was laid the foundation for 
the nitrocellulose industries, viz., explosives and pyroxy- 
lin plastics such as celluloid; and also for the rayon 
industry, which, in the present century, has become es- 
tablished as a fifth definite division of the textile in- 
dustry. Lacquers with a cellulose base have effected 
remarkable economies in industrial finishes; and thin 
transparent sheetings of cellulose and cellulose acetate 
have revolutionized the packaging of a wide variety of 
products. In addition to these there is a wide range of 


other cellulose products familiar to you all, such as 
lumber, the synthetic boards for heat insulation, arti- 
ficial leather and other coated fabrics, vulcanized fiber, 
and photographic films. 

As mentioned before, the oldest use of cellulose is that 
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as a textile fiber and this dates far back into antiquity. 
It may be for this very reason that it has been so dif- 
ficult to persuade the cotton manufacturer that his 
raw material is a chemical compound and that a great 
many of its properties and changes in properties may be 
understood and controlled only when viewed in the light 
of chemical reactions. That this realization is slowly 
dawning on the textile manufacturers is perhaps demon- 
strated in the recently established work of the Institute 
of Textile Research at one of our eastern colleges which 
is investigating the chemistry of the cotton textile fiber. 

To mention only one case where a clearer understand- 
ing of chemical changes might be of value from a prac- 
tical textile standpoint, we might mention changes in 
the mechanical properties of textile fibers which take 
place in processing, such as changes in strength, flexi- 
bility, and feel. The changes in these properties are 
undoubtedly due to changes in the chemical and col- 
loidal situation in the molecules or micelles. For in- 
stance, Freudenberg and Staudinger have both recently 
shown that, during the processes of purification of cellu- 
lose, the molecular weight decreases due, apparently, 
to breaking of the chain of glucose residues. It should 
not be difficult to correlate this change in molecular 
weight with loss in strength if our ideas are correct 
that the strength of the cellulose fiber is, for the most 
part, due to the long primary-valence chains. If these 
relationships between chemical changes and mechanical 
properties can be discovered and elaborated, the possi- 
bilities of technical control in the textile industry should 
be infinitely extended. 

One of the recent examples of the use of the chemical 
characteristics of cellulose in the textile industry is 
that of immunized and amidated cotton (11). Im- 
munized cotton is cotton which has been so treated that 
it resists dyeing by ordinary direct dyestuffs to about 
the same extent as does cellulose acetate. For this 
reason it is used to weave with cotton to give interesting 
cross-dyeing effects. It is prepared by partial esteri- 
fication of the cotton with p-toluenesulfochloride in an 
organic solvent. The esterification takes place in 
layers from the outside inward and is carried only far 
enough to affect a very thin outside layer. The result- 
ing product is not very different from ordinary cotton 
in appearance or feel, although it is quite resistant to 
water. If the immunized cotton is further treated with 
ammonia or an organic base, the result is amidated 
cotton, a material which cannot be told from cotton in 
appearance even under the microscope but is entirely 
different in chemical properties and shows an even 
greater affinity for the common acid dyestuffs than 
does wool. 

Chief among the recently established cellulose indus- 
tries is the manufacture of rayon, which now ranks as 
a fifth generally accepted textile fiber. There are four 
general methods in use today for the manufacture of 
rayon. These processes all have one common feature in 
that they all involve the conversion of the cellulose into 
a soluble form, following which, the resulting cellulosic 
solution is forced through exceedingly fine orifices into 
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a hardening medium, which solidifies the fine streams of 
cellulose-containing liquid into still finer continuous 
filaments. This hardening medium may be either 
warm air, which serves to evaporate a volatile solvent 
as in the nitrocellulose and cellulose acetate process, 
or it may be a solution of some suitable chemical 
which reacts with the soluble cellulosic derivative and 
regenerates a material quite similar to the original 
cellulose as in the viscose and cuprammonium processes. 
Although, as just stated, there are four processes 
being operated in this country today for the manufac- 
ture of synthetic fibers, a single one of these, namely 
the viscose process, accounts for over 80% of the total 
production. In this process, the cellulosic material in 
the form either of purified cotton linters or wood pulp, 
is first saturated with a solution of sodium hydroxide of 
about 18% strength. The excess of this solution is 
squeezed out and the wet cellulose is then shredded into 
a finely divided form known as crumbs. After an in- 
terval of several days under carefully controlled tem- 
perature conditions, these crumbs are then treated with 
carbon bisulfide which converts them into a form which 
is soluble in dilute caustic soda solution. The resulting 
solution is about the consistency and color of molasses. 
This also is stored for several days under conditions of 
carefully regulated temperature and, during this period, 
a change occurs in the dispersed cellulose which makes 
it more suitable for the spinning operation. In the 
viscose process the spinning operation consists of ex- 
truding the cellulose solution through very fine orifices 
in a platinum spinneret into a bath of dilute sulfuric 
acid. The fine streams of cellulose solution are hard- 
ened almost immediately on coming in contact with the 
acid, forming fine filaments which are removed from the 
bath continuously and wound either on a revolving 
bobbin or inside of a small rapidly spinning centrifugal 
container. A single thread may contain anywhere from 
sixteen to sixty-four individual filaments. After spin- 
ning, the resulting thread is carefully washed free from 
acid. Slight residues of sulfur or sulfur compounds are 
removed by treatment with a dilute alkaline sulfide bath 
and the threads are again carefully washed. Sometimes 
the product is bleached as well. The conditions of final 
drying are important and are carefully controlled. 
The history of the rayon industry has been one of 
constant improvement. About five years ago a proc- 
ess was announced which seemed at the time to offer 
the long-sought method of producing synthetic fibers as 
strong as natural silk. It consisted essentially in using, 
in the viscose process, a hardening or precipitating 
bath containing a very much larger proportion of sul- 
furic acid than normal. In fact, the percentage of 
sulfuric acid was such that if the rayon filaments were 
permitted to remain in contact with this bath for more 
than a very short period of time, they were completely 
dissolved. Material produced in this way showed re- 
markable strength. It was materially stronger than 
natural silk when it was in the normal dry contlition and 
about equal in strength when wet. However, it was 
found to have more tendency to break when bent than 
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normal rayon fibers, which interfered with its use in 
weaving and knitting, and this fact, combined with the 
high acid costs involved in its manufacture, seems to 
have prevented its becoming a commercial success. 

While this particular development did not live up to 
the early expectations, nevertheless real advances have 
been made in the industry in recent years with the 
result that we now have artificial silk with all of the 
outward characteristics of feel and appearance which 
have so long been peculiar to real silk. The fabrics 
made from these new fibers are soft and have the scroop 
of natural silk; and improvements in delustering have 
removed the objectionable shine while retaining a pleas- 
ing and natural-appearing sheen. 

It has long been known that a shiny or lustrous sur- 
face may be changed to a dull or delustered one by the 
simple expedient of roughening it. This was the prin- 
ciple on which some of the early attempts at delustering 
rayon were based, usually involving the precipitation or 
deposition of some finely divided substances on the sur- 
face of the rayon filaments. Such a process usually 
suffered from the objection that the deposited substance 
had a tendency to wear off or rub off. However, the 
optical situation in rayon is such that a second method 
of delustering is available which still leaves the fiber with 
its smooth surface unchanged, and its soft, smooth 
“feel” unimpaired. In order to understand this, it is 
necessary to consider what makes ordinary rayon so 
lustrous. The individual rayon filament is essentially 
transparent and has a smooth surface. As a result, 
when a beam of light hits the surface, a small part of 
the light is reflected specularly and the balance passes 
through. Some is also reflected from the under surface 
of the filament and still more from the surfaces of the 
next succeeding filament. Inasmuch as in a rayon 
thread or bundle of threads there is a very considerable 
number of filaments, this process of reflection from suc- 
ceeding surfaces continues until all of the light has been 
reflected back to the eye, and since this reflection is to 
a large degree specular reflection, we have the appear- 
ance of sheen or luster. 

In order to reduce the luster or gloss, it is necessary 
to arrange things so that a considerable proportion of 
the light reflected from the substance is of the diffuse 
or scattered type. In other words, the higher the pro- 
portion of diffuse reflection, compared with the total 
reflection, both specular and diffuse, the more delustered 
will the material appear. 

Since rayon filaments are transparent, this result can 
be brought about by introducing inside the material of 
the filament small amounts of an oil, finely dispersed, 
or of a finely divided white pigment, or both. It has 
been found that the amounts required are relatively 
small and accordingly have only a minor effect on the 
strength of the thread. Furthermore, since the added 
material is entirely inside the filaments, there is no dis- 
turbance of the smooth feel. In fact, in some instances 
there is a decided improvement in the “‘feel”’ or “‘hand.”’ 

Up until the present, the chief use for the various 
synthetic fibers has been in ladies’ garments and fancy 
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fabrics though some has gone into underwear for men. 
A new use is promised for this summer in the announce- 
ment that men’s suits will be on the market made of 
cellulose acetate synthetic fibers. 

In the recent flare of technocracy, another cellulose 
fiber, namely ramie, came in for somewhat more than 
its due share of publicity. The exaggerated claims for 
ramie’s superiority form a good example of the danger of 
a little technical knowledge. Ramie is a bast fiber of 
unusual length, strength, and beauty, and when sepa- 
rated from the other parts of the plant, offers an almost 
pure native cellulose. It has long been used for fish 
lines and nets because of its high strength. However, 
its entry into competition with other textile fibers has 
until recently been limited by the fact that the separa- 
tion of the fiber from the other portions of the plant is 
dificult and for high-grade fibers this had always 
been carried on by hand, since no satisfactory machin- 
ery had been developed for this purpose. Recently, 
however, mechanical means have been perfected by 
which it is claimed that much of the woody part of the 
plant can be readily separated from the true fiber, thus 
doing away with the slow and costly hand operations. 
Furthermore, chemical methods have recently been 
developed which complete the purification and make the 
ramie fiber ready for textile purposes. This does not 
mean, however, that it is ready for immediate and uni- 
versal adoption in the textile industry. On the other 
hand, there are purposes for which it is very suitable, 
as witness the fact that there is a mill in Germany which 
has been manufacturing ramie fabrics for over fifty years. 

The spinning of ramie is complicated by the fact that 
there is little tendency for the long smooth fibers to 
cling together, but this has recently been overcome to 
a considerable extent by a chemical treatment which 
imparts a twist to the fiber. In any use of ramie it 
must be recognized that although the fibers are unusu- 
ally strong, they also tend to be brittle. As a result, 
fabrics have to be chosen which are not subject to sharp 
and repeated bending, as for example laces, draperies, 
curtains, and furniture coverings. In spite of the fact 
that such fabrics often develop a certain roughness due 
to the breaking of individual fibers, there are neverthe- 
less occasional reports, apparently well authenticated, 
that ramie has been made into a linen-like fabric with 
unusual wearing qualities. This makes it appear to be 
well worth further study and research to find a way to 
overcome the inherently brittle characteristics of the 
ramie fiber. While admittedly this looks like a large 
order, nevertheless there is no obvious reason why it 
should not ultimately be accomplished. In fact, it 
appears already to have been done, though not under 
the control necessary for uniform repetition. There is 
an added incentive for the successful solution of this 
problem in the realization that ramie grows readily in 
several of our southern states. 

In so far as concerns the chemical compounds of cellu- 
lose which have reached industrial significance, the 
nitrate was the earliest and, indeed for many years, the 
only one to assume any importance. More recently 
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another ester, the acetate, has achieved commercial 
importance. There are three general types of cellulose 
nitrates. The type containing about 11% nitrogen is 
used in the manufacture of the pyroxylin plastic ma- 
terials such as celluloid, pyralin, and fiberloid; the 
type containing about 12% nitrogen is the basis of the 
nitrocellulose lacquer industry; while the type with 
still higher nitrogen content furnishes our smokeless 
powder. All three are made by modifications of the 
same general process which consists in treating dry, 
purified cotton linters with a mixture of nitric and sul- 
furic acids, followed by a thorough purification and 
stabilization treatment with both hot and cold water. 

Cellulose acetate, on the other hand, is made in a 
somewhat different way. Purified cotton linters are 
treated with a mixture of acetic anhydride and glacial - 
acetic acid in the presence of a catalyst and under 
carefully controlled temperature conditions. This 
primary reaction results in an ester in which all of the 
available hydroxyl groups are esterified but which has 
proved to be of little commercial value. In order to 
convert it into the commercially useful form it has to 
be partially hydrolyzed, which is accomplished by add- 
ing to the thick, sirupy mass produced in the primary 
stage, a little water containing a small amount of 
mineral acid. When that degree of hydrolysis has 
been attained which corresponds to the desired proper- 
ties in the cellulose acetate, the sirup is mixed with an 
excess of water which precipitates the cellulose acetate 
in a granular form. It is then carefully washed free 
from acetic acid and finally dried. 

In spite of the economic set-up which a few years ago 
seemed distinctly to favor the nitrate of cellulose over 
the acetate in every case where its inflammability would 
permit its use, the acetate is now rapidly forging to the 
front. This is due to steady improvements in every 
stage of the manufacture of the acetate plastic which 
have not only brought about marked cost reductions, 
but have also resulted in greatly improved quality of 
the product. At present cellulose acetate is not only 
competing with the nitrate for its share of the cellulose 
plastics field, but it is also for many purposes a strong 
competitor of synthetic resins. As manufactured at 
present, cellulose acetate may be made water-white or 
of any desired shade, it is tough and strong, and is rela- 
tively non-inflammable. 

The uses of the cellulose plastics are so familiar that 
it seems almost redundant to mention even a few which 
may range from watch crystals through, photographic 
films and toilet articles to plates for false teeth. 

One of the uses of cellulose esters which is familiar to 
everyone but which has been developed and grown to 
large proportions during the last few years is in the 
manufacture of laminated or safety glass. In this ma- 


terial the cellulose ester takes the réle of the meat in 
the sandwich not only because of the analogy due to its 
position between the pieces of glass but also because it 
is the cellulose ester which, due to its tough and pliable 
nature, serves to prevent the shattering of the glass 
cemented to it. 


Extend the analogy until you have a 
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club sandwich of substantial proportions and the glass 
becomes bulletproof, though in this case it is desirable 
to have a thick piece of glass in the center. The early 
faults in safety glass offered a challenge to the cellulose 
ester technologist and we now see very little safety 
glass with hazy, bubbly or badly discolored sheets in 
the center. At first cellulose nitrate with its price ad- 
vantage practically monopolized the safety-glass busi- 
ness. Recently, however, there has been developed a 
new process for the manufacture of cellulose acetate 
sheeting which has practically overcome this advantage 
and has brought the manufacture of cellulose acetate 
sheets to a high degree of efficiency. 

As a result, much of the laminated safety glass today 
is made with cellulose acetate plastic sheets instead of 
the nitrate or pyroxylin plastic, with an accompany- 
ing marked improvement in the permanency of the 
product in light. 

One cannot leave the field of cellulose esters without 
mentioning, however briefly, the phenomenal develop- 
ment of the nitrocellulose lacquers and finishes. At the 
close of the war nitrocellulose was almost unknown in 
the field of industrial finishes. Now it has for several 
years commanded a position of utmost importance not 
only in the field of automobile finishing, for which it 
was originally developed, but in every other branch of 
finishing save outdoor structural work and the special 
resistant finishes. This development alone has been 
responsible for a new industry using from twelve to 
fifteen million pounds of nitrocellulose annually. 
About 80% of this is of the so-called low-viscosity type, 
which simply means that when dissolved in an organic 
solvent in reasonable amounts, it produces a solution 
which is still sufficiently low in viscosity so that it can 
be applied by the usual methods of spray or brush. 
This lowering of the viscosity is ordinarily accomplished 
by an after-treatment under heat and pressure, one of 
the larger manufacturers having developed a continuous 
process for the purpose. 

Perhaps the latest, and at the present time the most 
rapidly growing, use of cellulose nitrate, is as an ad- 
hesive. It has long been used for this purpose in the 
manufacture of leather belting but, within the last few 
years, processes have been developed for making shoes 
by sticking them together, rather than by sewing or 
nailing and the special adhesives used for this purpose 
have a nitrocellulose base. The degree of adhesion at- 
tainable in this way is quite surprising to one testing 
it for the first time, and already many thousand pairs 
of shoes are being made in this manner annually. 

While cellulose acetate and nitrate have led the field 
in commercial developments, chemists have not been 
tardy in the preparation of other esters and a great 
many patents have been issued on the manufacture of 
esters of cellulose. These have ranged from the simple 
esters such as the propionate, to higher esters of such 
fatty acids as the stearate; they have included the 
esters of many of the cyclic series acids and a great many 
mixed esters. There have been rumors recently that 
cellulose acetopropionate in particular offers special 
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advantages as a plastic and it would not be surprising 
to see it on the market in the near future. 

Another familiar and recent development in the use 
of cellulose and its compounds is in the field of thin, 
transparent wrapping materials, such as Cellophane 
and similar materials. This use, which was originally 
developed abroad, was brought to industrial fruition 
through American engineering skill. The chemical 
part of the process is similar to that for making viscose 
rayon (12), the chief difference being that instead of 
being extruded through tiny round orifices, the cellu- 
losic solution is forced out through a long narrow slot 
into a chemical bath which decomposes the soluble 
cellulose compound and regenerates the cellulose in the 
form of a thin, tough, continuous sheet. Constant 
improvement in the process coupled with mass produc- 
tion has brought about a steady succession of price re- 
ductions in these wrapping materials until today the 
humblest product can be dressed in a wrapping devel- 
oped only a few years ago. In this field, regenerated 
cellulose took the lead but has recently been receiving 
competition from cellulose acetate. 

As is naturally to be expected from the aliphatic 
alcohol nature of cellulose, ethers are readily formed 
and a number of these have been known for some time. 
With recent refinements in their manufacture some of 
these are beginning to hold promise of industrial devel- 
opment. The methyl ether of cellulose, for example, is 
soluble in water and is finding use in the textile industry 
for a thickening agent. It does not sour or mold and 
possesses the unique property of becoming insoluble in 
the hot or in the presence of fixed alkalies but easily re- 
dissolving in cold water. This is a valuable property 
in textile printing. Some of the higher ethers of cellu- 
lose show remarkable resistance to both alkali and acid 
and offer industrial promise for many purposes. This 
is especially true of benzyl cellulose which is receiving 
marked attention from the standpoint of plastics. 

So, with astonishing rapidity, cellulose moves on to 
fulfil the predictions made less than a decade ago, that 
in view of its almost universal availability and the rela- 
tive ease with which it can be purified, cellulose will, 
with increasing knowledge of its behavior, form the basis 
of entirely new and diversified chemical industries. 
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CHAPTERS in CRYSTAL CHEMISTRY 
for COLLEGE FRESHMEN.” PART I 
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Why do solids occur in so many crystalline forms? 
What forces hold the building units together in crystals? 
How are the properties (hardness, melting point, solu- 
bility, etc.) of the crystals dependent upon these forces? 
What is the fundamental difference between metals and 
non-metals? Are there any features common to all sili- 
cates by means of which this baffling group of compounds 
may be simplified? What ts the nature of the many inter- 
metallic compounds which seem to violate rules of valence? 

It ought to be an obligation of introductory chemistry 
to answer questions such as these if they can be answered 
in an elementary and yet an accurate manner. Wauthin 
the last few years the organization of crystal structure 
data has led to some remarkable generalizations in regard 
to ihe nature of solids, and the above questions can now be 
answered with fair accuracy. 


The material presented in this paper has been included 
in the regular freshman course and the experiences re- 
corded make it evident that crystal chemistry can be pre- 
sented in an elementary as well as accurate form. The 
freshmen grasp the principles involved, learn to apply them, 
and are in general more interested in the subject than in 
most of the usual topics. 

It is ideal material through which to develop the scien- 
tific spirit of inquiry and in this respect is suitable for 
the so-called cultural course as well as for the first course 
for future chemists. Furthermore, the facts and gen- 
eralizations presented furnish the chemist with broad, 
fundamental concepts which he can profitably apply 
throughout his chemical experience, and crystal chemistry 
should therefore be offered to the freshman rather than to 
the graduate student. 


+++ + + + 


Preface 


N GENERAL chemistry textbooks for beginners it 
has been customary to discuss the chemistry of 
solids in a few paragraphs at most, mentioning per- 

haps the different systems in which solids crystallize 
and contrasting solids with liquids and gases mainly 
to emphasize the nature of the latter two. Until re- 
cently this has been the only reasonable course to fol- 
low, since very little has been known about the funda- 
mental nature of solids. Sinee the application of X-ray 
analysis to the determination of crystal structures, how- 
ever, data have been accumulating rapidly and the 
structures of hundreds of crystals are now known. 
Within the past three or four years noteworthy progress 
has been made in the systematic organization of these 
data, and it is now possible to develop a remarkably 
clear and fascinating picture of the fundamental nature 
of solids. 

It is the writer’s opinion that it is as important for 
the student in introductory chemistry to understand 
the nature of solids as to understand the nature of gases, 
and the latter is a recognized chapter in every course. 
Certainly it is the experience of most teachers of general 
chemistry that many students show considerable volun- 
tary interest in crystals and their peculiarities. 


* Presented before the Division of Chemical Education at the 
Washington meeting of the A. C. S., March 29, 1933. 


Appended to this paper are ‘Chapters in Crystal 
Chemistry” written in an elementary form suitable for 
inclusion in a freshman course. 

It becomes apparent that crystal chemistry has a 
place in the freshman course—even though other ma- 
terial must be dropped to make room for it—provided 
it is conceded that the purposes of a beginning course 
in general college chemistry are essentially as follows: 


(1) To teach the student the fundamentals of chem- 

istry, preserving a reasonable balance between 
fundamental generalizations and fundamental 
facts of practical importance; 
To present the generalizations suitable as a prereq- 
uisite to advanced chemistry, namely, those which 
will (a) be most useful as guide posts or bases of 
evaluation in later work and (4) develop the scien- 
tific method of reasoning from facts to theory, to 
prediction of new facts. 


Generalizations suitable for the cultural course in chem- 
istry should perhaps be chosen primarily to illustrate 
the scientific method of reasoning, and also to point out 
broad chemical concepts. 

It seems self-evident that the chemistry of solids— 
or perhaps better, the structure of solids—satisfies these 
requirements of a fundamental generalization. The 
material presented answers, in so far as it is now possible 
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to answer them, three questions. 1. Why are there 
so many different crystal forms among solids? 2. 
What are the forces which attract and hold the building 
units in a crystal? 3. How are the properties of 
the crystals related to these forces? Several funda- 
mental concepts in addition to those implied by these 
three questions may be established with reasonable 
certainty. These are equally valuable to students re- 
gardless of their subsequent interests. Among these 
may be mentioned: (1) the fundamental structural 
difference between metals and non-metals, which ac- 
counts for their difference in properties—a fairly con- 
crete and very useful picture of ‘‘the metallic state’’; 
(2) the nature of intermetallic compounds and a partial 
explanation of their peculiarities; (3) the nature of 
silicates. The last two types of compounds are gen- 
erally slighted in freshman chemistry because they have 
seemed to be inconsistent with valency and other estab- 
lished principles, and have introduced confusion. They 
may now be brought into line and given the emphasis 
which their usefulness merits. 

To illustrate the true spirit of scientific inquiry and 
the scientific method, the subject matter of crystal 
chemistry is ideal. The organization of hundreds of 
apparently unrelated facts into generalizations which 
in their broader aspects are extremely simple, offers a 
very conviacing demonstration of the fundamental aim 
of science. The students seem to get the spirit of the 
process better than they acquire it through the historic 
presentation of the evolution of a well-established law. 
They are conducted to the frontier of the subject and 
seem to appreciate the opportunity of sharing in the 
formulation of hypotheses still in the making. They 
learn to use the ideas to predict new facts. The ma- 
terial has distinct pedagogical advantages in addition 
to these. It is well adapted to a group composed 
of students of widely different abilities. The poorest 
students grasp the simple fundamentals and can apply 
them. The numerous fine distinctions and the con- 
sideration of exceptions to the rules appeal to the imagi- 
nation of the better students. A majority of the stu- 
dents show a real interest in the subject. It involves 
matters many of them have wondered about, since they 
see actual crystals in the course of their laboratory 
work. 

The subject matter was presented, essentially as it 
appears in written form, to a group of thirty-two fresh- 
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men during the last three weeks of their second semester 
of general chemistry. It was covered in four lectures 
and five quiz periods. Of course, many illustrations of 
principles were devised in addition to those listed in the 
text. The lectures were accompanied by slides and 
crystal models, as well as numerous large actual crys- 
tals.* The fundamental influence of ionic radii on 
“coérdination numbers” may be convincingly illus- 
trated by the use of various-sized balls. 

The examination reproduced at the end of the series 
was given after the presentation. One hour was al- 
lowed for writing the questions. In connection with 
this examination, it should be noted that the only ques- 
tions which may be answered by repetition of definite 
details which the students have memorized are: part 
of 2a, 2b, part of 3a, 5a, totaling less than 25 per cent. 
The other 75 per cent. must be earned by applying 
general principles to specific situations which were at 
no time mentioned either in lecture or quiz. Needless 
to say the students had been drilled in how the prin- 
ciples should be applied. 

The average grade obtained by the thirty-two stu- 
dents is 71 per cent., which compares with an average 
of 75 per cent. for three previous hour tests covering the 
regular semester's work. It would appear that ele- 
mentary crystal chemistry is not too difficult for fresh- 
men. 

On several occasions crystal chemistry has been dis- 
cussed with graduate students. Their reaction is 
usually one of surprise that this useful subject had not 
been introduced much earlier in their chemical cur- 
riculum. Crystal chemistry can furnish the future 
chemist with broad, fundamental concepts which he 
can profitably apply throughout his chemistry course, 
and it should therefore be offered to the freshman, 
rather than the graduate student. 

Since this manuscript was first submitted, crystal 
chemistry has been presented to two hundred engi- 
neering students in freshman chemistry. The average 
grade for an examination similar to the one appended 
to this paper is 68 per cent. It should be noted that 
in this case the quiz hours were conducted by members 
of the junior staff, half of whom were introduced to the 
subject for the first time when*they listened to the 
freshman lectures. They also had access to this manu- 
script. This offers further evidence that the essential 
principles of crystal chemistry are easily understood. 


Chapter I. Ionic and Molecular Crystals, Their Structures and Properties 


X-RAY METHOD OF DETERMINING CRYSTAL STRUCTURE 


The essential difference between liquids and solids is 
that in the former the molecules are more active and are 
free to move around considerably, while in the latter 
the molecules possess less energy and the attraction of 
the molecules for each other holds them in apparently 
rigid positions in which the motion of each molecule is 
very limited. Nearly always when the molecules come 
together to form a solid they arrange themselves in a 


regular manner with respect to each other and form 
crystals. One would naturally suppose that the obvi- 
ous regularity and symmetry of a perfectly formed 


* The slides used are reproduced in the text. The models may 
be ordered from the Central Scientific Co., but are not needed if 
slides are available. Slides like Figures 4 and 5 are desirable 
as they give a true picture of the relative ionic radii. In general, 
however, it is easier to visualize the arrangement of the units in 
diagrams like Figure 2. 

+ The section on silicates was not taken up with this group of 
students. 
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crystal results from a regular arrangement of the mole- 
cules or atoms of the substance throughout the entire 
crystal. 

While the science of crystallography—the study of 
the outward form of crystals—has been highly devel- 
oped for many years, it was not until 1912 that a method 
was devised for peering inside of a crystal to prove that 
the molecules are regularly arranged beneath the sur- 
face. The internal structures of many hundreds of 
substances have now been studied with the help of X- 
rays. 

The details of the X-ray analysis of crystals are 
rather involved, but the fundamental principles used are 
comparatively simple and easily understood. We know 
that any object is visible when it is large enough to 
cast a shadow which may be seen, or to scatter the 
light which falls upon it. Single atoms or molecules 
are not large enough to have any effect on ordinary 
light rays, but X-rays are about ten thousand times 
shorter than the waves of visible light and are 
therefore influenced by particles ten thousand times 
more minute than those which can influence visible 
light. 

If a beam of X-rays is passed through a crystal the 
successive planes of atoms (Figure 1) reflect the X-rays. 
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FIGURE 1.—A. GENERAL PROCEDURE IN THE DETERMINA- 
TION BY X-RAYS OF THE DISTANCE BETWEEN PLANES OF ATOMS 
IN A CrystTaL. B. A Few POossIBLeE SETS OF PLANES IN A 
TWO-DIMENSIONAL LATTICE 


In order to detect this reflected ray, it is necessary that 
all the rays reflected from the several planes reénforce 
each other. This can occur only when mA = 2d sin @, 
where @ is the angle of incidence, \ is the wave-length 
of the rays, d is the distance between successive planes 
of atoms, and m is a whole number. If a photographic 
plate is fixed at P there will be a darkening at A by the 
part of the incident beam which passes unscattered 
through the crystal, and a darkening at B, by the re- 
flected beam. Obviously, if the distance from the crys- 
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tal to the plate is known, and the distance AB is 
measured, the angle @ may be calculated, and from this 
the distance (d) between the planes of atoms in the 
crystal. When the distances between many other sets 
of planes have been calculated (see d, d,, de, in Figure 
1B for other possibilities) the position of each atom in 
the crystal becomes known. 

The positions of these atoms make up what is known 
as the crystal lattice—the framework on which the 
crystal is built. The smallest unit of this lattice which 
possesses all its characteristic properties is known as the 
unit cell. Crystals of a given substance may grow to 
enormous dimensions by the addition of these identical 
building units, and so the effect of all crystals of the 
same substance on X-rays is the same, be they the size 
of a shoe box or invisible to the naked eye. 

The crystallographer has for many years identified 
substances by their outward form, particularly by the 
angles formed between faces in a crystal, since, although 
for a given substance the shape of the faces of the crys- 
tals may vary, the angles between faces will remain the 
same. It is possible to classify all the known crystal- 
line forms into six general types. (At this point a brief 
discussion of these types may be included.) The X-ray 
analysis indicates the type of crystal and the distances 
between the atoms in the crystal. Since in no two 
crystalline substances are the atoms exactly the same 
distance apart, the crystal structure of a substance and 
the size of its unit cell become characteristic physical 
properties of the substance by means of which it may 
be distinguished from other substances. 


FREEZING POINT AND PRECIPITATION 


If a liquid is cooled to the freezing point, one would 
expect that the crystalline solid would form at this 
temperature. Generally, however, it is necessary to 
cool the liquid somewhat below its melting point before 
the atoms can take up their regular positions in the 
crystal lattice. The liquid is said to be supercooled. 
If a tiny seed crystal is then dropped into the liquid to 
form a nucleus, the atoms have a focal point—a pattern 
on which to build—and crystallization begins. The 
more the liquid has been supercooled the faster will 
crystallization occur when a leader is found. 

If a liquid is allowed to get too highly supercooled, 
the molecules have difficulty in moving through the 
liquid to take their places in a crystal lattice and may 
not even crystallize when brought in contact with the 
crystalline solid. The liquid has become rigid, and we 


‘call it an amorphous or non-crystalline solid, but it is 


more properly a supercooled liquid. Glass is such a 
substance. 

The rate of growth also has an important bearing 
upon crystals formed from a solution, either by precipi- 
tation or evaporation. When a solution evaporates 
very slowly, so that at any instant there are only a few 
ions tending to come out of solution, these ions have 
opportunity to attach themselves to crystals already 
organized and the growth of large, well-formed crystals 
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is favored. When rapid evaporation or sudden cooling 
of a solution occurs, large numbers of molecules are 
seeking crystals to which they may join and confusion 
results. Many will reach positions in crystals already 
started, but many others will start their own new crystals 
and the precipitate will consist of many, very small 
crystals. 

We have seen how crystals form. To the inquisitive, 
three questions arise: ‘“Why are there so many different 
forms of crystals?’ ‘What are the forces which at- 
tract and hold the building units in the crystals?” 
“‘How are the properties of crystals related to these 
forces?” 

These questions have been asked for many years and 
only within the last five years have promising answers 
been forthcoming. 


IONIC CRYSTALS 


In attempting to answer these questions it is wise to 
approach the simplest case first. Consider compounds 
of the type AX. Itis known that such compounds may 
crystallize in many different forms, six typical examples 
of which are shown in Figure 2. Some of these are 
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FIGURE 2.—TyYPICAL CRYSTALLINE Forms OF COMPOUNDS OF 


Type AX 


complicated, but those of NaCl and CsCl are easy to 
visualize and may be profitably considered. It will be 
seen that in NaCl crystals there are six chlorine atoms 
nearest to the sodium at the center of the cube, and these 
lie at the centers of the faces of the cube. In the CsCl 
crystals there are eight chlorine atoms at the corners 
of the cube, which are nearest to the cesium at the 
center. 

It is evident that no particular chlorine atom belongs 
to the sodium at the center of the cube, and therefore 
NaCl molecules as such do not exist in the crystal. In 
fact, these crystals are typical of a large group of so- 
called ionic crystals, in which the. particles of which 
the crystals are built are ions rather than atorhs or mole- 
cules. The ions are held together by the attraction of 
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opposite electrical charges. Later we shall consider 
crystals in which the forces holding the particles to- 
gether differ from these ionic forces and we shall find that 
the properties of the crystals also differ. 

It is still possible to think of the crystal as a whole as 
a giant molecule. It should be noted that in spite of 
appearances to the contrary the number of sodium ions 
in the unit cell is the same as the number of chloride 
ions, thereby satisfying the relation NaCl.* 

One of the best ways to learn why AX compounds 
crystallize in different forms is to study a series of simi- 
lar compounds in which a change in structure occurs and 
find the factors upon which the structural change seems 
to depend. Suppose we consider the series LiBr, 
NaBr, KBr, RbBr, CsBr. 

We find that the first four of this series have the 
structure of NaCl, the last that of CsCl. These bro- 
mides are chemically similar, and their differences must 
be physical. The obvious thing which is changed in 
each case is the size of the cation which varies Li < 
Na < K < Rb < Cs! 

Now let us recall that a NaBr crystal is formed from 
NaBr solution when the molecules come comparatively 
close together and form an orderly space lattice. As- 
suming that the ions are spherical, what single condi- 
tion will most strongly determine how many bromide 
ions may touch a single sodium ion? Obviously, the 
relative sizes of the two ions. If we let the bromide 
(X) and sodium (A) ions be represented by balls 4” and 
2” in diameter, respectively, we shall see that six bro- 
mide balls can approach and touch the sodium, but 
more than six cannot touch. In order to get.more than 
six touching, we must either increase the size of A or 
decrease the size of X, that is, we must increase the ratio 
Ra: Rx. It may be calculated geometrically that 
when the value of Ra: Rx is greater than 0.73, eight 
balls can surround and touch the inner one, while if 
Ra: Rx is less than 0.73 only six balls can surround the 
inner ball. If we calculate this ratio for the series of 
bromides we get the values in Table 1. 


TABLE 1 
LiBr NaBr KBr RbBr CsBr 


Radius of A in 

Angstrém Units 0.705... 2008, #39 

Ra:Rx 0.40 0.50 0.68 4% 
NaCl Structure 


2 1.70 
6 0.84 
CsCl Structure 


o- 


And we see that we may have found the explanation of 
the difference in structure of these chemically similar 
substances—the relative sizes of the two different atoms 
which must be packed together determine how many 
ions of X may be fitted around each ion of A. 

The same reasoning may be carried further and it is 
found that as the ball A becomes still smaller with re- 





/ 

* This may be calculated by imagining other unit cells attached 
to the pictured one. Then atoms at the corner are shared by 
seven other unit cells and are only !/sin the pictured one. Atoms 
at edges are 1/4 and atoms in faces are 1/2 in the pictured unit 
cell. Only the sodium ion at the center belongs wholly to the 
single unit cell. 

t In Table I are listed the ionic and atomic radii of the ele- 
ments. 
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spect to X, the number of balls which can touch A is 
reduced from six to four. This occurs when the ratio 
Ra: Rx is 0.41. If Ra: Rx is less than 0.22, only 3X 
can surround and touch A. These geometric relations 
are summarized in Table 2. 


TABLE 2 
TABLE FOR THE ARRANGEMENT OF IONS X ABOUT AN ION A 
No. of X Arrangement of Ions X Ra:Rx 
y opposite each other 
equilateral triangle 
cube diagonals (tetrahedral) 


octahedral corners 
cube diagonals 


The number of nearest neighbors surrounding any 
atom or ion in a crystal is known as the Codrdination 
Number (C.N.) of that atom or ion. It is helpful to 
classify crystals according to their coérdination num- 
bers, as in Table 3. 


TABLE 3 
CoOrDINATION TyPES oF AX CoMPOUNDS 
Coérd. No. Type 
Single molecules. Molecular lattices 
Double molecules. Molecular chains and their lattices 
BN type (see Figure 1) 
ZnS, ZnO types 
NaCl type; Fes (NiAstype). Figure 1 
CsCl type 


Having proposed the idea that the arrangement of 
atoms A and X in crystals is affected by their relative 
sizes, let us check our theory for some typical com- 


pounds of the type AX. Four common types of crys- 
tal lattice for compounds AX, are shown in Figure 3. 
These diagrams should be examined in connection with 


Table 4. 


TABLE 4 


Co6RDINATION TYPES FOR AX2 SUBSTANCES 


Coord. No. Type 

2 and 1* Single molecules. Molecular lattices. COz 
4 and 2 Cristobalite SiOz, Cuprite CuzO 

6 and 3 Rutile (TiO), CdI2 (layer lattice) 

8 and 4 Fluorite CaF: 


* For AX2 substances the number of atoms X around A is twice as great 
as the number of atoms A around X. 


In Table 5 are data for a series of AX2 compounds. 
Experimental determination of the crystal structures of 
all these has shown that they may be divided as indi- 
cated. Thus the same relationship holds as that for 


TABLE 5 
STRUCTURE OF DIFLUORIDES AS A FUNCTION OF Ra:Rx 


MgF: CoF: ZnF: MnF: CdFz CaF, SrF:2 BaFs2 


R,a:Rx 0.59 0.62 0.62 0.68 0.77 #+O.80 0.95 1.08 
Ra:Rx 0.48 0.56 0.64 0.67 0.76 O.77 0.80 0.84 
Rutile Structure C.N. = 6,3 /|Fluorite Structure C.N. = 8, 4 


AX compounds; namely, that the crystal structure 
type changes from one of coérdination number 8 to one 
of coérdination number 6 when R,: Rx decreases be- 
low 0.73. 

We may state tentatively, then, what might be called 
the radius-ratio rule, namely: the structure of a crystal 
depends upon the relative sizes of its building stones. 

There are many cases in which the structure is not 
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the one to be expected from the R4:Rx value, and this 
suggests that there is some additional factor which is 
influential. 


POLARIZATION 


It must be remembered that the above generaliza- 
tion has been evolved on the assumption that the ions 
in the crystal are spherical. For most ions this is not 
strictly true and for many it is far from the truth. Ifa 
relatively small positive ion is brought near a large nega- 
tive ion, there is a tendency for the more concentrated 
positive charge of the small ion to attract the diffuse 
negative shell of the larger ion, and the latter becomes 
distorted. The distorted ion is said to be polarizable, 
the small positive ion is said to be strongly polarizing 
or to show a polarizing effect and the whole phenomenon 
is known as polarization. 

Generally speaking, polarization properties may be 
predicted from the following rules: 


1. For a series of ions of the same charge, the smaller 
the ionic radius, the greater the polarizing effect 
of the ion. Thus, of the alkali metals, Lit has 
the greatest polarizing effect. 

For ions of the same size, the greater the nuclear 
charge, the greater the polarizing effect. For ex- 
ample Ca++ (0.98 A.U.) and Cd*++ (0.99 A.U.) 
have the same ionic radii, but Ca++ has 20 excess 
positive charges on the nucleus, while Cd+* has 48. 
The Cd** (in spite of the so-called screening effect 
of its electrons) is therefore able to manifest a 
stronger positive influence than the Cat+ and it is 
more strongly polarizing. 

As implied above, the larger the negative ion, the 
more easily it may be polarized. Thus, of the 
halogens, the I~ ion is most easily polarized. 


Polarization properties of ions play a very important 
part in crystal chemistry because they explain many 
of the exceptions to the radius-ratio rule. 

Effect of Polarization in AX Lattices —When ions X 
of a definite size are packed around ions A, if A is 
strongly polarizing, it will tend to draw ions X very 
close to it, and for that reason there will not be room for 
as many X ions around A as there would be if they all 
stayed farther away. Polarization, then, results in a 
decreasing distance between the ions, and strong polari- 
zation may produce a decrease in coérdination number. 
A single example is sufficient to illustrate this point. In 
Table 6 are compared the structure types for the oxides, 
sulfides, selenides, and tellurides of calcium and cad- 
mium. It is evident that the R,:Rx relation alone 
does not explain the facts, since the values are identical 
but the structures differ. Furthermore since the values 
are all above 0.41, the compounds should all show the 


TABLE 6 
Oo $s Se Te 
Ca 0.98 A.U. NaCl NaCl NaCl NaCl Lattice Type 
-70 53 .50 45 Ra:Rx 
Cd 0.99A.U. NaCl ZnS ZnS | ZnS__ Lattice Type 
+70 -53 -50 45 Ra:Rx 
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NaCl structure. The difficulty disappears, however, 
when we realize that cadmium, having a strong polariz- 
ing effect, draws the anions so close to itself that there 
is no longer room for six of them, and the coérdination 
number must decrease to four, giving the ZnS struc- 
ture. The ZnS structure is not an ionic crystal. It is 
referred to below in the section on homopolar crystals. 
Polarization has a somewhat different effect on AX. 
lattices, although of course it is a result of the same 
influences. A single illustration must suffice. CdF, 
has the structure of fluorite (Figure 3). We should 











SO, .Cristebalite 
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highly polarized ions. Crystals of this sort cleave very 
easily between layers, evidence that the layers are held 
together by a weaker kind of force than the ionic forces 
within a layer. We may look upon each layer asa giant 
molecule. 

Polarization and Radicals.—It is interesting to con- 
sider the nature of radicals (e. g., SOi-, NO37, etc.) in 
the light of polarization. Usually the central ion in 
these radicals, (7. e., St®, N+5) has a very high charge 
and is very small. It therefore exhibits a strong 
polarizing effect and as a result draws the oxygen ions 


710, Rutile Cah} Fluorite 


FIGURE 3.—TYPICAL CRYSTALLINE FORMS OF COMPOUNDS OF TYPE AX» 


expect Cd(OH), to have the same structure, since the 
hydroxyl] ion of radius 1.35 A.U. has been substituted 
for the fluoride ion or radius 1.33 A.U. It happens that 
hydroxyl may be very easily polarized, however, and the 
structure of Cd(OH)s: is not that of fluorite, but is a 
very different type, Cdl, (Figure 4). Examination of 














FIGURE 4.—CapMIUM IODIDE STRUCTURE. A TYPICAL 
LAYER LATTICE 


this structure shows that while any ion of cadmium is 
surrounded symmetrically by six iodide ions, any iodide 
ion has contact with three ions of cadmium on one side. 
The coérdination number is not changed, but polariza- 
tion alters the ionic distances. Well-defined layers are 
produced in the crystal and it is known as a “layer lat- 
tice,” a typical lattice for AX» compounds which contain 


so close to it that the whole group is very stable and acts 
as a unit in chemical reactions. The forces holding the 
oxygen atoms to the central atom are no longer ionic, 
but are the result of the sharing of electrons and are 
known as homopolar (or valence) bonds. 

A simple example serves to illustrate the distinc- 
tion between ionic and homopolar bonds. Nal is an 
ionic crystal and the valence electron of sodium has been 
transferred to the iodine, completing the octet for io- 
dine, giving a positive and negative ion and creating the 
so-called ionic bond. 

Na— °I: Ag—> °<—TI: A 7 X: 
IONIC HOMOPOLAR POLARIZED IONIC 
Silver, on the other hand, is more reluctant to part with 
its electron and instead of yielding it completely to the 
iodine it attracts one of the iodine electrons to meet it 
half way and the homopolar bond results from the 
sharing of these two electrons. , It should be evident 
that this is an extreme case of polarization. The inter- 
mediate degree of polarization is illustrated in the com- 
pound AX. The electron of A has not gone completely 
to X, but a pair has been attracted toward A some- 
what less than half way. 

Ternary Ionic Compounds of the Types ABO3, AoBOu, 
Etc.—We have just shown whyradicals act as individuals 
in chemical reactions. They also preserve their iden- 
tity in crystals. Thus, in the calcite form of CaCO; 
(Figure 5) we do not find ions of calcium, carbon, and 
oxygen placed more or less equivalently throughout 
the crystal lattice. We find the lattice positions oc- 
cupied by Cat+ ions and CO;~ ions, the oxygens being 
definitely associated with the carbon. This is an inter- 
esting feature of all complex ionic crystals and the 
structure of such crystals is determined by the same 
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that control the structure of the simpler compounds.* 


CO; 10N 





FicurE 5.—CAtcitE (CaCO;) SrrucTURE, SHOWING RELATIVE 
SIzEs OF IONS 


Remaining oxygen atoms not shown to avoid confusion. 


THE FIRST LAW OF CRYSTAL CHEMISTRY 


At this point it is desirable to modify our radius- 
ratio rule and state what may be called for convenience 
the First Law of Crystal Chemistry: The structure of 
a crystal is determined by (1) the relative numbers, 
(2) the relative size, and (3) the polarization properties 
of its building stones (atoms, ions, or groups of atoms). 
It should be emphasized that atomic weight plays no 
part in the building of a crystal. 


APPLICATIONS OF THE LAW OF CRYSTAL CHEMISTRY 


A. Isomorphism. It is to be expected that chemi- 
cally similar substances, such as BaCO3, SrCO3, CaCO3 
should have the same crystal structure; but for 150 
years crystallographers have wondered over the numer- 
ous substances, very different chemically (e. g., KNO; 
and CaCOs;, or BaSO, and KMnQ,) which also show 
similar crystal forms. Substances which crystallize in 
similar forms are said to be isomorphous. From the 
First Law it may be seen that if two compounds are to 
form similar crystals, they must have: (1) the same 
type formulas; (2) building stones (atoms, ions) not 
necessarily of the same sizes, but at least of the same 
relative sizes; (3) particles with the same polarization 
properties. It therefore becomes evident why two 
substances as different as BaSO, and KMnQ, should be 
isomorphous. (1) There are the same relative numbers 
of each atom in the formula. (Note that the valences 
need not be the same.) (2) The radii of the ions are as 
follows: 


34 O 


Ba = |. 
.3 (?) O = 1.32 


K 


ll 
_ 
we 
© 
=) 

il 





* The transition elements are characterized by small ionic 
radii and large nuclear charges and are therefore strongly polariz- 
ing. As might be expected, they form complexes of the Werner 
type, and the forces within these complexes are homopolar. The 
complex ion acts as a unit in the crystal, just as do the radicals; 
thus NiCly-6NH; crystallizes similarly to CaF: (see Figure 3). 
The Ni(NHs). groups occupy positions corresponding to those 
of calcium ion in the CaF, lattice. 


factors (i. e., ionic radii and polarization properties) 


JOURNAL OF CHEMICAL EDUCATION 


(3) The elements have similar polarization proper- 
ties. 

There are also many chemically similar compounds 
which are not isomorphous, and these have been diffi- 
cult to explain (e. g., calcium and magnesium salts 
especially). When it is noted, however, that the radius 
of Ca**+ is 1.06, while that of Mgt* is 0.78, it seems 
quite natural that they should not form isomorphous 
compounds in all cases. 

B. Polymorphism. When the same compound may 
form two or more different type crystals, it is said to 
be polymorphic. We have seen that crystals may be 
changed from one form to another by changing the size 
of the ions which make up the crystal. There are 
certain values of Ra:Rx, at which the crystal form 
changes. Many substances which are polymorphic 
have a value Ra:Rx which is near the limiting value. 
It is then possible for conditions other than atomic 
sizes (e. g., temperature or pressure) to affect the crystal- 
lization. Thus RbCl (Ra:Rx = 0.82) crystallizes 
like NaCl at ordinary pressures but like CsCl at high 
Consider also the two series of salts in 





pressures. 
Table 7. 
TABLE 7 
LiNOs 
NaNOsz MgCoOs; 
KNO; CaCO; Calcite type 
KNOs CaCOs 
SrCOsz Aragonite type 
BaCOs; 


Only KNO; and CaCO; are polymorphic. The sizes 
of the ions in all the others give values of Ra:Rx too 
far from the critical value to permit any alteration to 
be brought about by ordinary means. 


PHYSICAL PROPERTIES OF IONIC CRYSTALS 


The size and polarization of the building stones de- 
termine the geometrical shape of a crystal. The 
amount of electrical force holding the ions determines its 
strength as measured by hardness, melting point, and 
solubility. 

The amount of force is determined by the valence and 
by the distance between particles in the crystal lattice; 
the farther apart particles lie, the weaker is the force 
attracting them to each other. Table 8 illustrates the 
effect of the distance between ions on the hardness, 
and for the oxides, on the melting point. 














TABLE 8 
Mg Ca Sr Ba 
Oo 2.10A.U. 2.40 A.U. 2.57 A.U. 2.77 A.U. distance 
6.5 4.5 3.5 3.3 hardness 
2800°C. 2570°C. 2430°C. 1933°C. melting point 
Ss 2.59 2.84 3.00 3.18 distance 
4.5-5 4.0 3.3 3 hardness 
Se 2.74 2.96 3.12 3.31 distance 
3.5 3.2 2.9 2.7 hardness 
Te 3.17 3.32 3.49 distance 
2.9 2.8 2.6 hardness 


If the ionic distance remains constant, but the valence 
increases, thereby increasing the force, the properties 
are affected as follows: 
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TABLE 9 
NaF MgO ScN Tic 


Distance 2.31 A.U. 2.10 A.U. 2.23 A.U. 2.23 A.U. 
Hardness 3.2 6.5 7-8 8-9 
Melting Point 992°C. 2800°C., 3180°C. 
Solubility 

g/100 cc. cold 4.0 -00062 insol. insol. 
Compressibility high low 


IONIC CRYSTALS—-SUMMARY 


So far we have been discussing ionic crystals only, 
those whose building stones are ions, either single ele- 
ments or radicals, held together by opposite charges 
of electricity. Molecules as we ordinarily think of 
them do not exist in the crystals. The architectural 
plan of the crystals depends on the number, size, and 
polarization properties of the ions. Their strength 
(hardness, solubility, melting point) depends on the 
strength of the forces holding the ions together (valence, 
distance between ions). These crystals are always 
transparent and are poor conductors of heat and elec- 
tricity. The coérdination number of binary ionic 
compounds is either 6 or 8. Properties are summarized 
in Table B, at the end of the paper. 


NON-IONIC CRYSTALS 


Homopolar crystals —We have followed the forma- 
tion of radicals in which the atoms are held together by 
homopolar bonds. An atom A which exhibits a strong 
polarizing effect is reluctant to give up its electron and 
may actually attract an electron toward it from the atom 
X, so that the atoms are held together by a shared pair 
of electrons (a homopolar bond) rather than by the 
complete transfer of an electron (an ionic bond). It is 
possible to build crystals in which the forces are homo- 
polar throughout, in contrast to the ionic crystals which 
have been discussed. 

It has been indicated that in a series of AX com- 
pounds a decrease in coérdination number is brought 
about by an increase in polarization (Table 6, page 594). 
In Table 10 it is shown that a decrease in the value of 
R,:Rx will also cause a decrease from six to four in 
the coérdination number. 


TABLE 10 
F ci Br I 
Rx 1.33 A.U. 1.81 A.U. 1.96 A.U. 2.20 A.U. 








Ag 
ZnS 

0.44 
ZnS 
0.26 


Ra 
0.97 A.U. 
Ra: Rx 0.73 
Cu 0.58 A.U. Unknown 
Ra: Rx 


NaCl NaCl 


0.54 
ZnS 
0.32 


NaCl 

0.49 
ZnS 
0.30 





Now, since an atom never has more than eight elec- 
trons in its valence shell, an atom cannot be bound to 
more than four neighbors by homopolar bonds (each 
bond a pair of electrons). Crystals characterized by co- 
ordination numbers of 8 and 6, therefore, cannot be 
homopolar in nature. But when the codrdination 
number decreases to four the conditions are just right 
for the homopolar bond. The number of neighbors is 
sufficiently low to permit a pair of electrons for each 
neighbor, and the polarizing effect is strong enough to 
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favor the sharing of electrons rather than the transfer. 
It follows that all substances which crystallize like 
ZnS are homopolar in nature. The crystal may be 
looked upon as one huge molecule whose atoms are 
held together by shared pairs of electrons. The build- 
ing stones are not ions in the usual sense. 

The ZnS structure is very common for compounds 
AX in which element A stands as many units of atomic 
number ahead of a fourth group element as element X 
stands behind the same fourth group element. Such a 
series is shown in Table 11. 


TABLE 11 


NaCl Structure 
At. Distance Composition At. Distance 
2.79 A.U. 
2.793 
2.799 
2.811 


ZnS Structure 
Alt. Nos. 
50-50 
49-51 
48-52 
47-53 


Composition 
Sn-Sn 
In-Sb 
Cd-Te 
Ag-I 


2.104 A.U. 
2.310 


MgO 
NaF 


The most interesting point is that the distances between 
the atoms are alike, while in a similar series with the 
NaCl structure the distance between ions decreases 
with increasing valence (which is to be expected, since 
the forces between the ions are greater). It seems that 
for the ZnS structure, however, the dimensions are 
determined by the total number of electrons present 
and it does not matter how these electrons. are distrib- 
uted between the atoms; the two atoms share the 
eight electrons in common. 

Diamond is one of the most familiar of homopolar 
crystals. Of the AX», compounds, the hard, trans- 
parent quartz (SiO2) is homopolar. 

Crystals in which the atoms are held by homopolar 
forces are usually highly refractive, transparent, and 
hard. They may occasionally be opaque and metallic 
looking. The latter condition results if there is an 
excess of electrons present which are more or less free 
to wander around. Properties are summarized in 
Table B. 

Molecular Crystals—In some crystals the building 
stones are entire molecules. Whereas, in NaCl the 
points in the crystal lattice are occupied by Na? or 
Cl-, not by NaCl; in crystalline CO, each lattice point 
is occupied by a CO, molecule. (See Figure 3.) Many 
substances gaseous at ordinary temperatures form 
molecular crystals when solidified. Most organic sub- 
stances crystallize in this way. Sugar, for example, 
forms as beautiful transparent crystals as does NaCl, 
but at each lattice point is a molecule CyH»2Oy. This 
means that the unit cells of the crystal are large. Fur- 
thermore, the forces holding the building stones together 
are comparatively weak. Molecules are neutral and 
there is no chance of sharing or transferring electrons 
as in homopolar or ionic crystals. Therefore these 
crystals are weak mechanically. They have low melt- 
ing points (note CO, and other gases particularly) and 
they are soft. In the layer lattice, to which reference 
has been made, the forces holding the layers together 
are molecular, while within the layer the forces are 
homopolar or ionic. See Table B for summary of prop- 
erties. 
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STUDENT COURSES AT THE EXPOSI- 
TION OF CHEMICAL INDUSTRIES 


W. T. READ, Dean of the School of Chemistry, of 
Rutgers University, will direct the program of student 
courses at the Fourteenth Exposition of Chemical 
Industries, which will take place in Grand Central 
Palace, New York, December 4th to 9th, 1933. 

To insure that the student courses be thoroughly 
practical, in line with the most advanced professional 
standards, a group of distinguished chemists and 
chemical engineers has been appointed to advise with 
the management of the Exposition, and to assist Dean 
Read in his planning of the student program. This 
group, known as the Educational Committee of the 
Fourteenth Exposition, is constituted as follows: 
B. T. Brooks, C. R. Downs, P. C. Kingsbury—repre- 
senting the American Institute of Chemical Engineers: 
Gerald L. Wendt, Ross A. Baker, and Neil E. Gordon— 
representing the American Chemical Society; M. L. 
Crossley—representing The American Institute of 
Chemists; and Reston Stevenson—representing the 
Electrochemical Society. 

Beginning in 1915, these expositions constitute a 
record of progress and achievement in the fields of 
chemistry and chemical engineering in relation to 
industrial advance. Thousands of business executives, 
engineers, and chemists attend these expositions. The 
expositions are not open to the general public and every 
detail is arranged so that those who wish to study the 
exhibits may have favorable surroundings in which to 
examine them with care. For some years now, it has 
been realized that this great gathering of material 
resources, accompanied by specialists authoritative 
on the various exhibits, constitutes a vast educational 
resource which can be of profit not only to the students 
in college, but to those in industry who wish to make a 
study of specific industrial fields, or the chemical 
engineering equipment which they utilize. 

This year’s program of student courses will be di- 
vided into sessions dealing with elementary chemical 
engineering, advanced chemical engineering, and in- 
dustrial chemistry. Responsive to many requests it is 
believed that there will be instituted, also, a session 
on chemical economics or the business side of chemistry 
and chemical engineering. 

Attendance records of the student courses held at 
the last exposition reveal several striking facts: 2300 
students were enrolled, and of this number, 2000 were 
enrolled in colleges or universities; 200 were high- 
school students representing a class not ordinarily 
admitted, but received by special permission when 
accompanied by their own school instructors; 100 
“students” were men from industry, anxious to ‘‘brush 
up” on advanced technology so seldom presented in 
condensed form by experts of the caliber who lecture 
at the exposition. All the lectures at the exposition 
courses are given without compensation, and there is 
no charge for attendance by the students. 
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The STORY of ZINC. I 


H. R. HANLEY* 


School of Mines and Metallurgy, University of Missouri, Rolla, Missouri 


The contents of this paper embrace the historical ac- 
count of the metal, the part it played in the alloyed form 
before it was known as a separate entity, the fundamental 
concept of four processes used for its production together 
with the practice of the same, and the uses of the metal. 

The paper will run serially in the JouRNAL. The 


first instalment relates the history of the metal, the theo- 
retical and practical aspects of the retort process, and the 
influence of modern milling methods on zinc metallurgy. 


++ ooo + 
EARLY HISTORY 


ETALS came into use very slowly with the 

advancement of primitive man and his progress 

is definitely recorded along with his ability to dis- 
cover and exploit them. There were six metals in use 
prior to the Christian Era (1): gold, silver, copper, 
iron, lead, and tin. Mercury was known but was not 
classified as a metal because of its fluidity at room tem- 
perature. It is apparent that the definition of a metal 
was obscure at this time but probably no more so than 
it is today, except in terms of itself. 

There is some uncertainty as to any definite date 
prior to A.D. 1509, when recognition was given to zinc 
as a separate metal. P. Neogi (2) has stated that zinc 
was produced as a separate metal in India as early as 
the seventh century. H.T. Chang (2) states that zinc 
was similarly produced in China as early as the eleventh 
century. Mr. Chang cites from the literature of that 
period that coins were then made containing eight parts 
of copper, four parts of black tin (lead), and two parts of 
zinc; their actual analysis reveals that these coins 
contained 55% Cu, 26% Pb, and 13% Zn. A close 
analytical check of facts as stated in the ancient litera- 
ture is offered by Mr. Chang as evidence that the Chi- 
nese not only produced zinc as a separate metal but 
made their coin metal by mixing copper, lead, and 
zinc. 

Zinc was not known in Europe as a separate metal 
for over 1500 years after the beginning of the Chris- 
tian Era; therefore as a separate entity it played no 
part in the affairs of ancient man in Europe. Hence it 
may be classed as a metal of relatively recent discovery. 
This is not true, however, with respect to zinc as a com- 
ponent of the alloy, brass, which consists of varying 
percentages of zinc and copper and, frequently, other 
metals as impurities. 

It is presumed that copper was the first metal worked 
by man and the time of its first being alloyed with other 
metals is placed before the beginning of history. The 
earliest classical writings make frequent references to 


* Mining and metallurgical engineer, professor of metallurgy. 


copper, bronze, and brass without evidence of any 
differentiation. In the fourth century B.c. Aristotle 
(3) describes an Asiatic race, the Mossyneeci, living in 
the neighborhood of Calchis near the Black Sea. 
They produced a white or brilliant copper by melting 
copper with an earth found there. The Romans as 
early as 200 B.c. were well acquainted with brass, but 
not so the Greeks (4). The former knew that certain 
“earths” had the property of coloring copper a beautiful 
golden yellow. This alloy corresponds to what would 
now be classified as a low-zinc brass. 

In more recent times this alloy has been made experi- 
mentally by Peter LeNeve Foster (3), who reduced auri- 
chalcite, 2(ZnCu)CO;:3(ZnCu)(OH)., a basic carbonate 
of zinc and copper, with charcoal in an assay furnace. 
The only method of production of this alloy in the 
early part of the Christian Era was by the cementation 
process, whereby metallic copper is heated with an 
oxidized zinc ore (calamine) and charcoal. There is 
an authentic record of this. The zinc reduced in this 
manner alloys directly with the copper. Paracelsus, 
who died in 1541, wrote of zinc as a metal, using the 
word zinken to designate it. ,; 

The first recognition of metallic zinc in Europe was by 
Erasmus Ebener of Nurnberg who, in 1509, separated 
it from the zinc slag of silver-smelting works on the 
Rammelsberg (5). He made brass direct from the 
globules of zinc so recovered. Lohneys in 1617 de- 
scribes the finding of a metal called zinc in the cracks 
of furnace walls (6). Agricola made a similar discovery 
a few years later. Percy records the condensation of 
zinc on the walls of a blast furnace smelting zincky iron 
ore in South Wales (3). Glauber made the discovery 
of the mineral causing the metallic zine accretion and 
announced that calamine was an ore of zinc (6). 

The properties of a metal are always significant in 
shaping the course of the metallurgical procedure of 
winning it in metallic form from its ores. The property 
of zinc, which thus dictates its pyrometallurgy, is its 
high volatility at temperatures below the commercial 
reduction temperatures of its compounds. Conse- 
quently the primary product obtained is not liquid 
metal, but a vapor from which the metal must be con- 
densed under suitable thermal and other physical con- 
ditions. In view of this fact, it is not strange that 
ancient man, without chemical and physical knowledge 
of zinc and its compounds, was unacquainted with this 
metal in its metallic form. 

The first production of zinc on an industrial scale 
was made in 1740 at Bristol, England, by John Cham- 
pion. He availed himself of the glass furnaces in use 
at this time and developed the so-called English method 
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of distillation in large pots. This procedure he kept 
secret for a long time. The next pioneer in the field 
was John Christian Ruberg, who in 1800 established a 
zine reduction plant at Wessola, Poland. He found 
defects in Champion’s process and sought to improve 
the technic. This he did by evolving the system of 
horizontal muffles of large capacity, destined to form 
in later years the basis of the great Silesian zinc indus- 
try. Contemporaneously with Ruberg’s work, Dallin- 
ger developed zinc distillation in Corinthia. One of 
the most outstanding pioneers in the field was Abbé 
Dony of Liége, who, after years of development, dis- 
covered independently the pyrometallurgical process 
for reducing zinc ares. Dony, in 1807, established 
works at Liége which were destined to mark a great 
epoch in this industry through the origination of the 
Belgian method of extraction in use in a modified form 
at the present time. 

It was difficult to market the new zinc in the form of 
brass because of the efforts of the well-established cala- 
mine-brass makers who did not relish the encroach- 
ment on their business. They contended that the new 
product was inferior to cementation brass. These 
objections were well founded as the first brass made by 
melting copper and zinc was of poor quality. Abbé 
Dony was ruined financially and died a broken-hearted 
man. His plant continued, however, under various 
successors. One group of these founded the great 
company known as the Société de la Vielle Montagne, 
a metallurgical enterprise with hardly an equal in the 
world and which has retained its name to the present 
time. 

The history of a metal embracing its influence on 
civilization leads far afield in the story of its production. 
Dr. T. A. Rickard has recently written a much needed 
work entitled ‘“Man and Metals,” in which he closely 
links civilization with the use of metals. A new 
book by T. T. Read, ‘Our Mineral Civilization,’’ is 
also of interest on the subject of the early use of metals. 

In the United States (7) the first zinc was produced 
by John Hiltz in 1835-6. He used the mineral zincite 
as the source and carried on the work in the arsenal at 
Washington, D. C. The following chronology records 
the early efforts which followed those of John Hiltz: 


1850, New Jersey Zinc Co., Newark, N. J. 

1855, A. M. Anderson, Potosi, Mo. 

1856, Lehigh Zinc & Iron Co., Friedensville, Pa. 

1860, J. Wharton, South Bethlehem, Pa. 

1860, F. W. Matthiessen and E. C. Hegeler, La Salle, 
Ind. 

1870 to 1880, Chicago Zinc & Mining Co., Weir City, 
Kan., and Pittsburg, Kan. 


The Lehigh Valley companies were really the beginning 
of the American zinc industry but Matthiessen and 
Hegeler operated the first successful zinc reduction plant. 


GENERAL PRINCIPLES OF ORE TREATMENT 
‘ 


In the course of the industry, metallic zinc is or has 
been produced by the following processes: 









The retort process. 
The electrolytic process. 

The electrothermic dry-distillation process. 
The electric smelting process. 


> $9 BO 


The production of metals from ores is concerned with 
one or more of the three types of reactions: 


I. Carbon Reduction 


RO+C=R+CO 

2RO + C = 2RO + CO, 
RO + CO = R + CO, 

RO + CH, = R+ CO + 2H2 


II. Sulfide Reduction 


RO + RS = 2R + SO, 
3RO + RS = 2R + R20 + SO: 
2R.0 + R:S = 6R + SO, 


III. Precipitation 
RS +M =R+MS 


R and M denote any metals participating in the re- 
action. The production of zinc is limited to the first 
type. Inasmuch as the reduction is applied to the 
oxide of zinc by carbon and carbon monoxide, the first 
step in any process for the production of zinc is that 
designed to produce the oxide. 

There are only two important types of zinc ores: 
the sulfide type and the oxidized type. 

The sulfide type embraces pure blende (ZnS), marma- 
tites (5ZnS-FeS), and complex sulfide mixtures such as: 
ZnS, FeS, PbS, 5ZnS-FeS, etc. This type of ore or 
concentrate must be as completely desulfurized as is 
economically feasible to permit the free play of carbon 
and gas reduction to take place in a subsequent step in 
the process. This desulfurization is termed roasting 
or sintering. 

The oxidized type, embracing carbonates and sili- 
cates, is treated for the production of oxides by a 
process known as calcination—similar in principle and 
practice to the burning of limestone to lime; that is, 
the ore must be heated in the presence of air under 
proper conditions for elimination of combined carbon 
dioxide and water. This type of ore is usually termed 
calamine, regardless of the acid radical components. 
The elimination of the combined substances in calamine, 
although not absolutely necessary for the subsequent 
carbon and gas reduction, is usually carried out. The 
sulfide type of ore predominates in the United States 
and Europe, although calamine was more plentiful in 
Europe a generation ago. 

The retort process accounts for approximately 70% 
of the zine production of the world. The following de- 
scription applies to the treatment of the sulfide type of 
ores or concentrates by this process, as shown in Figure 1, 
which is a generalized flow-sheet. Blende or zinc 
sulfide concentrate, containing 60% Zn, is introduced 
into a furnace where the raw material is deprived of its 
sulfur by a process of roasting. The desulfurized 
concentrates must be in a granular condition when they 
are introduced into the retort for reduction and distilla- 
tion, otherwise the flow of gas and zinc vapor becomes 
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blocked. Modern milling methods produce a very 
finely divided concentrate which must not only be de- 
‘ sulfurized but also made granular by special pro- 
cedure. This is accomplished by partial desulfurization 
in a multiple-hearth roasting furnace followed by 
sintering which completes the desulfurization. The 
sinter cake is then properly ground to produce the 
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reduction operation. Approximately 16 to 18 hours 
are required for the extraction of the zinc in the charge. 
After the condensers have been tapped for their 
content of liquid zinc, they are taken down, the resi- 
dues are removed from the retort, a fresh charge is intro- 
duced, condensers are replaced, and the procedure is 
repeated. 

The flow-sheet shows sulfur di- 
oxide flowing from the roasting 
furnaces to the sulfuric acid plant. 
Retort plants situated near indus- 
trial centers have a market for 
sulfuric acid and frequently the 
sale of this by-product is the 
chief source of revenue to the zinc 
company. There are laws pre- 
venting the releasing of quanti- 
ties of obnoxious gases into the 
atmosphere in populous areas, 
consequently the sulfur dioxide 
coming from the roaster must be 
converted into acid, regardless of 
revenue. Similar plants which are 
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gas to the atmosphere through a 
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a great dilution of gases with such 
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as to render them quite harmless. 
Roasting furnaces in such plants 
are of the reverberatory type, in 
which the fuel and ore gases are 
not separated. They may be of 
the most economic design, as for 
example, a single-hearth straight- 
line furnace. This flow-sheet de- 
scription is intended merely to 
indicate the progress of materials 











RETORTS & CONDENSERS ; REGEN. 





—>GASES (furnace) 





RETORT FCE. 


=" 
<< a 
| 





through a generalized hypotheti- 
cal retort zinc plant. No refer- 
ence has been made to the prob- 
lems encountered in each division 
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of the plant, nor to the problems 
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FIGURE 1 


desired granular condition. The coarse concentrates 
may be commercially desulfurized in the roasting fur- 
nace. From the storage bin the fully conditioned con- 
centrate is delivered to a mixer, where it is incorporated 
with 50% to 60% of reduction coal. A small amount of 
water to provide greater porosity is introduced and in 
some cases salt is used in small amounts. The mixture 
is then introduced into the retorts which are operated 
at a temperature of approximately 1200° to 1300°C. 
and the condensers are then luted in place with mois- 
tened slack coal and clay. This is the beginning of the 


of major importance which the 
industry has experienced in the 
past several years. 

Aside from the casual improve- 
ments in methods common to in- 
dustrial plants in general, there appear, at remote 
intervals, revolutionary alterations in practice to cope 
with changed conditions. Such changes may be classi- 
fied in the following manner: first, changes in the 
nature of the raw material, demanding fundamental al- 
terations in methods and equipment; second, changes 
in policy, due to changes in the economic situation, 
which may result in the conservation and beneficiation 
of more of the potential by-products; and third, de- 
velopment of machinery which may render older equip- 
ment obsolete. 
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The grade of the ore may fall below the economic 
limit for commercial treatment by the old methods in 
use and compensation is sought by a more complete ex- 
traction of the minerals in the ore, together with in- 
creased tonnage. The possibility for increased extrac- 
tion of the minerals lies in the finer comminution of the 
ores thus liberating them from their locked association 
with the waste particles. It is frequently necessary 
that the ore be ground to pass through a 200-mesh 
screen. The old method of gravity concentration 
cannot economically be applied to this extremely fine 
ore, but by the process of selective flotation the heavy 
minerals may be floated away from the lighter waste 
material. Inasmuch as the retort plant demands a 
granular material for reduction and distillation, this 
powdery concentrate must be given special condition- 
ing during desulfurization, thus destroying its amor- 
phous* character. 

The increased extraction of zinc minerals by means of 
the flotation process greatly increased the ratio of 
flotation to granular concentrates.{ Hence it be- 
came necessary for zinc plants to rebuild com- 
pletely their desulfurization departments—a very 
costly procedure. Many of the old straight-line 
furnaces that operated at high temperature (850° 
to 900°C.) have been scrapped to some extent 
or permitted to re- 
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(plan), holding a prepared charge 5” to 8” in depth. 
These molds, called pallets, fit closely together and form 
an endless conveyor with the continuity broken at one 
point in the circuit. 


Each pallet is provided with four wheels which engage with 
tracks or guides at all parts of the circuit except where the pallet 
is passing over the suction box. Then the pallet slides along with 
its planed base directly over the smooth top of the suction box, 
thus making a tight joint. A complete cycle of operation is as 
follows: a pallet, being pushed onward tangentially from the 
top of the sprocket wheels, passes under the feed hopper where it 
takes its load in the form of a continuous even layer of charge, of 
approximately four inches in thickness; it then passes under the 
igniter where the top surface is kindled and at the same time 
comes under the influence of the downward-moving current of 
air, induced by the suction draft; this carries the sintering action 
progressively downward until it reaches the grates; the roast- 
sintering action is now complete, the cake is discharged by the 
pallet which drops it into the discharge-guides; the pallet crowds 
its way back to the sprocket wheels, is slowly raised to the upper 
tracks, and begins a new cycle (8). 


The Rigg method 
of desulfurization 
and sintering consists 
in roasting the con- 
centrate so that it 
contains approxi- 
mately 8% to 10% 
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Multiple-hearth fur- t 
naces can also with- 
stand high tempera- 
tures when adequate 
provision is made for heat-resisting alloys for the rab- 
bling mechanism. 


DESULFURIZATION AND SINTERING 


The zinc industry found the sintering process already 
developed for lead ores, but to apply it to zine con- 
centrates, considerable study and experimentation was 
necessary, particularly in the partial roasting step 
which precedes sintering, and in the design of ignition 
burners. Lead ores or lead concentrates are very easily 
sintered and the sinter contains from 1% to 4% 
sulfur which is permissible and sometimes desirable. 
Zinc concentrates** are more difficult to sinter and the 
desulfurization must be as complete as is economically 
possible. 

The Dwight-Lloyd sintering machine (see Figure 2) 
consists of slowly moving molds having perforated 
grate-bottoms. They are approximately 24” X 42” 

* The word “amorphous” is used in a liberal sense. 

+ Present ratio of flotation to granular concentrates: 1/2.5. 

** The term ‘‘zinc concentrates” is a generalone. The exact 


phrase would specify the mineral such as ‘“‘blende concentrate,” 
“‘marmatite concentrate,”’ etc. 


FicurE 2.—DwicutT-Lioyp SINTERING MACHINE 15” of water. 


tion of from 12” to 
It is 
now ignited by 
means of an inverted muffle. The incandescent charge 
is under the influence of the vacuum for approximately 
25 minutes. 
In the Baelin method the sulfide sulfur is lowered to 
a greater degree by roasting so that the calcine contains 
from 1% to 5% sulfide sulfur. It is mixed with suffi- 
cient coal to give a combined sulfur-plus-coal content 
of 8%; it is then dampened and sintered. The charge 
delivered to the sintering machine must possess a high 
permeability so as to permit easy passage of air and 
gases. Permeability is imparted by interstitial and 
grain porosity. The grain porosity may be produced 
by developing zinc sulfate during the partial roasting 
operation. The presence of zinc sulfate per se in the 
grain is of little direct significance but denotes a 
satisfactory porosity. When zinc sulfate is present, its 
decomposition is greatly facilitated by the following 


reactions: 
(1) ZnS + ZnSO, = 2Zn + 2SO, 
(2) ZnS + 3ZnSOQ, = 4ZnO + 480, 
The zinc vapor in equation (1) is probably simultane- 
ously condensed and oxidized resulting in the formation 
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of needle-like crystals of zinc oxide. Sulfate usually 
forms after two-thirds of the sulfur has been oxidized. 
In the case of nearly complete desulfurization in the 
roasting furnace, the last portion of the sulfide sulfur 
to be oxidized is changed direct to sulfate, providing 
the temperature is not above that of sulfate decomposi- 
tion. 

The second factor of permeability, that of interstitial 
space, is developed by the addition and mixing of the 
proper amount of water. There is a critical ratio be- 
tween the weight of water and the weight of dry solids 
which gives a maximum specific volume of the un- 
tamped mixture. This maximum specific volume is of 
very great importance. Water, when in proper ratio 
to the solids, provides maximum distances between 
solid particles and when the water is removed by 
evaporation these distances provide interstitial cavities 
having similar dimensions. The optimum ratio varies 
greatly, depending on the physical nature of the solid 
material. Partially desulfurized concentrate having a 
high zinc sulfate content can absorb a large amount of 
water and still be dry to the touch. The incorporation 
of water into a sulfated calcine develops heat and causes 
a rapid evaporation of moisture. This feature renders 
necessary the immediate sintering of a properly damp- 
ened charge, otherwise additional water becomes neces- 
sary. The variable water requirement is related to the 
water of crystallization of the salt. The formation of 
zinc sulfate may be explained as follows. The SO, 
generated in the roasting is partly oxidized to SO; 
by the catalytic effect of the hot charge and the hot 
furnace walls. This SO; combines with ZnO forming 
ZnSO,. In addition to this there is some zinc sulfate 
formed directly from the oxidation of the blende, thus: 


ZnS + 202 = ZnSO,. 


This reaction is very pronounced during the oxidation 
of the last sulfide particles. A varying amount of zinc 
sulfate usually forms in roasting. Because a high 
temperature (900°C.) is necessary for its decomposi- 
tion, all furnaces prior to the introduction of sintering 
were built to withstand such heat and were usually of 
the single-hearth, straight-line type. 

Hofman and Wanjukow, in experimenting on the de- 
composition of the sulfate, obtained the following data: 


JouRNAL OF CHEMICAL EDUCATION 


DISSOCIATION OF SULFATE FOR ONE-HOUR PERIODS 
) % Dissoc. 2c. % Dissoc. 


600 start 750 35 % 
650 3% 800 60 % 
700 10% 850 100% 


Zinc sulfate may also be decomposed without excessive 
heat by introducing raw sulfide concentrate into the 
last hearth of the furnace. The decomposition is repre- 
sented by the equation: 


ZnS + ZnSO. = 2Zn + 2802. 


The zinc vapor in this case is immediately oxidized and 
collected either inside the furnace or in the baghouse. 
The necessity for the complete decomposition of zinc 
sulfate into oxide in the prepared concentrate prior 
to its introduction into the retort is due to its reduci- 
bility by carbon to sulfide. Inasmuch as no metallic 
zinc results from this reaction, every unit of zinc as 
sulfate is lost to the process. 

Lime, to a slight extent, is a frequent impurity in 
zine concentrates. This is changed to calcium sulfate 
in the hearth roaster where the prevailing temperature 
is insufficient to cause its decomposition. Because lime 
combines with sulfur to form sulfate, it is objectionable 
in a roasting system which uses the SO, gas for acid 
manufacturing. 

INFLUENCE OF LIME ON THE PRODUCTION OF ACID 


% S lost from the 


% CaO present system in terms of 
in the ore total sulfur 


1.4 . 2.6 
5.3 11.0 
10.6 28.0 


Calcium sulfate is completely decomposed in the 
sintering process. The temperature of the hottest part 
of the sintering charge seldom reaches 1050° to 1100°C., 
this being 100° to 150° below its decomposition point 
by heat alone. It is probable that this salt is chemi- 
cally decomposed in a manner similar to the decom- 
position of zinc sulfate, or according to the following 
reaction: 
CaSO, + 4C = CaS + 4CO. 

The resulting incandescent calcium sulfide, under the 
influence of excess air, is completely desulfurized. In 
the Rigg method, sulfates probably play a small part 
in the general scheme. 
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The DISCOVERY of RHENIUM’ 


LOREN C. HURD' 


The University of Wisconsin, Madison, Wisconsin 


It is the purpose of this communication to extract from 
the maze of polemic as to priority in the discovery of 
rhenium the essential papers relative to the issue and to 
report some of the work which has been performed in this 
laboratory and which has a direct bearing on the question. 
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HE isolation of element 75, the dwimanganese 

of Mendeléeff, was announced in 1925 by Walter 

Noddack and Ida Tacke.' Shortly after the ap- 
pearance of the original work the claim was sharply 
contested by V. DolejSek and J. Heyrovsky? and by 
F. H. Loring and J. G. F. Druce.** During the en- 
suing two years there appeared in various journals over 
a score of papers relative to the validity of the dis- 
covery. Although persons acquainted with the chem- 
istry of rhenium (element 75) readily recognize the 
absurdity of the contesting claims, the general confusion 
created by the mass of publication coupled with the 
more recent assertions of J. G. F. Druce’ to the effect 
that ‘‘the occurrence of dwimanganese in crude man- 
ganese compounds was discovered independently by 
Loring and Druce and by DolejSek and Heyrovsky”’ 
has created an erroneous impression in many minds. 
Inasmuch as the early work of Loring and Druce was 
focused principally upon manganese compounds the 
statement by the latter® to the effect that all rhenium 
used in his research is being obtained from manganese 
salts has further confused the issue. That the early 
discussion has given rise to a distinctly incorrect under- 
standing is evident from several recent casual references 
7489 to divalent rhenium. It is the purpose of this 
communication to extract from the maze of polemic the 
essential papers relative to the issue and to report some 
of the experimental work which has been performed in 
this laboratory and which has a direct bearing on the 
question. 


* Contribution from the Division of Inorganic and Analytical 
Chemistry, Department of Chemistry, The University of Wis- 
consin. 

+ A portion of the experimental work herein reported is from 
the senior theses of M. W. Bessert, J. K. Colehour, C. W. Eggert, 
C. R. Naeser, F. N. Pansch, and E. J. Seelig, The University 
of Wisconsin, 1929-32. 

1 NoDDACK AND TACKE, Siizber. preuss. Akad. Wiss., Phystk.- 
math. Klasse, 1925, 400-5. 

2 DoLEJSEK AND HeyrovskY, Nature, 116, 782 (1925). 

3 Druce, Chem. News, 131, 273 (1925). 

4 LORING AND Druce, tbid., 131, 337 (1925). 

5 Druce, Sct. Progress, 24, 480 (1930). 

6 Druce, Chem. News, 144, 258 (1932). 

7 PAPISH AND WAINER, J. Am. Chem. Soc., 53, 3838 (1931). 

8 ALLISON, BISHOP, SOMMER, AND CHRISTENSEN, ibid., 54, 
613 (1932). 

9 Yacopa, tbid., 54, 3074 (1932). 


CLAIMS OF LORING AND DRUCE 


In one of his earliest papers in this field, Druce?® re- 
ported the isolation of an appreciable amount of dwi- 
manganese from crude manganese salts. In the case 
of the sulfate the following procedure was employed: 

One hundred g. of crude MnSQ, was dissolved in 600 cc. HO 
and 50 g. NH,Cl added. The solution was made ammoniacal 
and repeatedly saturated with HS to precipitate all of the man- 
ganese as the sulfide (a). When the filtrate yielded no further 
precipitate with HS, the excess of the gas was removed and the 
solution acidified with HCl. Following evaporation to dryness, 
the residue was strongly ignited, cooled, and dissolved in dilute 
nitric acid (6). Ammonium oxalate was added in slight excess, 
the precipitate filtered off, and the filtrate again evaporated and 
the residue ignited. In this way a 75 mg. residue of impure light 
brown oxide was obtained (c). The oxide was soluble in dilute 
mineral acids. These solutions yielded a hydroxide of the 
element when treated with caustic alkalies (d). 


In another paper a few weeks later Loring and Druce* 
record the isolation of element 75 from impure man- 
ganese chloride and from pyrolusite. The essential 
details of the procedures reported do not differ from 
those outlined above for manganese sulfate. ‘‘Dwi- 
manganese hydroxide’ was found to be soluble in hot 
dilute HCl and aqueous solutions of SO:. Caustic 
alkali solutions were without effect although alkaline 
oxidizing agents transformed the color of the precipi- 
tate to a deep brown. Alkali fusions were green. Al- 
though carbon dioxide when passed into solutions of the 
alkali fusion product failed to give rise to a perman- 
ganate pink, the solutions were reported to be unstable. 
HCI solutions of the oxide colored the Bunsen flame 
bright green. The ignited higher oxide, after heating 
in a stream of oxygen, was reduced to a lower oxide by 
heating in hydrogen. In the experiment reported, 
0.2763 g. of the higher oxide yielded upon reduction 
0.2364 g. of the lower oxide. Assuming the atomic 
weight of dwimanganese to be 188, Loring and Druce 
pointed out that their results indicated a reduction of 
DO;to DO. X-ray examination of the precipitates indi- 
cated L., and Lg,, lines in very close agreement with 
calculated values. 

In an effort to isolate the product reported by the 
above workers the procedure has been applied to a large 
number of manganese salts and minerals. In no case 
has a product been obtained in which rhenium could be 
spectroscopically identified. In some cases a product 
was obtained which answered in general the description 
of Loring and Druce. In all such cases the alkali pre- 
cipitate was shown to consist for the most part of hy- 
drated manganese oxide. The absence of rhenium in 
the end-product is not surprising, however, when one 
considers the reactions which have taken place during 
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the course of the ‘‘concentration” (a) Rhenium sulfide 
may be precipitated from ammoniacal solutions. In 
an early communication Walter Noddack and Ida 
Tacke!® reported that a solution of perrhenic acid 
yielded no precipitate when treated with ammonium 
sulfide or hydrogen sulfide. In a later paper the same 
authors !)!2 indicated that dwimanganese sulfide was 
insoluble in ammonium sulfide and in acid solutions. 
This apparent contradiction was discussed by Druce™ 
in the following manner: 

They mention this (the insolubility of the sulfide in acid and 
alkaline solutions) apparently because my enrichment of dwi- 
manganese depends in many cases on the fact that manganese 
could be largely removed from its new homolog by precipita- 
tion with H.S in alkaline solution. 


In light of our present knowledge of the chemistry of 
rhenium the two apparently contradictory statements 
are quite in harmony with the facts. Ammonium sul- 
fide as a reagent does not readily precipitate rhenium 
sulfide. It is only by the continued passage of hydro- 
gen sulfide into an ammoniacal rhenium-containing 
solution that appreciable amounts of the sulfide are 
thrown down. Likewise Re2S; is, under ordinary cir- 
cumstances, slowly and incompletely precipitated by 
HS from dilute acid solutions. It is, however, quanti- 
tatively precipitated from rather concentrated hydro- 
chloric acid solutions of perrhenic acid. This was 
clearly indicated by the Noddacks, has since been 
demonstrated conclusively by Geilmann and Weibke, “* 
and has been repeatedly verified in this laboratory. 

Rhenium, if present in a manganese salt, would prob- 
ably be removed almost completely if subjected to the 
treatment described by Druce. Under ordinary cir- 
cumstances the precipitation of rhenium sulfide from 
ammoniacal solutions is not complete. The presence 
of a relatively large amount of manganese sulfide, how- 
ever, greatly increases the amount of rhenium removed 
from the solution. A long-continued and careful proc- 
ess such as described is sufficient to remove practically 
all of the rhenium. Following removal of the dissolved 
hydrogen sulfide the solution was made acid with HCl, 
evaporated to dryness, and ignited (b). Perrhenic acid, 
if present, would be volatilized and such an evapora- 
tion and ignition would result in an appreciable loss 
of rhenium. Geilmann and Weibke' have shown that 
as much as 96% of the rhenium present in a solution of 
perrhenic acid may be volatilized as a result of evapora- 
tion and gentle ignition. Although the ‘‘dwiman- 
ganese’’ solutions of Loring and Druce contained am- 
monium chloride, the volatility of perrhenic acid would 
not be greatly reduced. In fact under some conditions 
Re,O; is more easily vaporized in the presence of a vola- 
tile chloride. (c) Ignition of a perrhenate or perrhenic 
acid in the presence of an oxalate produces, in general, 
metallic rhenium. If a ‘“‘fixed base’ is present the 

10 NODDACK AND TACKE, Naturwissenschaften, 13, 567 (1925). 

11 Noppack, W. AND I., Metallbérse, 16, 2129 (1926). 

12 NoDDACK, W. AND I., Chem. News, 133, 241 (1926). 

13 Druce, Chem. Weekblad, 23, 497 (1926). 


as eo AND WEIBKE, Z. anorg. allgem. Chem., 195, 289 
1931). 
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metallic rhenium is not all lost on subsequent ignition. 
In the absence of such a base, however, the rhenium is 
immediately oxidized to volatile ResO;. That such is 
the case may be readily demonstrated by employing 
the rdést-rohr technic described by Geilmann and 
Wrigge.'® If the residue contained ammonium per- 
rhenate the ignitions described would result in a total 
loss of rhenium. As Druce himself recently reported,'® 
ammonium perrhenate is decomposed upon heating. 
Since all of the products of decomposition are volatilized 
when the ignition is carried out in the air, it is probable 
that any rhenium which escaped precipitation as the 
sulfide would be lost at this point. (d) Perrhenate 
solutions do not yield hydroxide precipitates when 
treated with alkalies. The only known case of what 
might be called a hydroxide precipitation is the floccula- 
tion of rhenium dioxide. Quadrivalent rhenium is 
produced in solution by the action of strong reducing 
agents. From such reduced solutions hydrous rhenium 
dioxide is precipitated by the action of an alkali. Un- 
less the acid concentration be moderately high, hy- 
drolysis takes place immediately upon reduction. 
Under the conditions described by Loring and Druce, 
rhenium-containing solutions do not yield a precipitate. 
Furthermore all known oxides of rhenium as well as 
metallic rhenium are completely volatilized when 
ignited in the air. 

A total of nine different samples of manganese sulfate 
and chloride were carried through the Loring and Druce 
procedure in this laboratory during 1929-30. Although 
fifteen times the quantity of material used in the origi- 
nal work was at times employed, no trace of rhenium 
could be detected in the concentrates. Likewise, 
samples of crude manganese iodide, manganese bor- 
ate, and native manganiferous silicate failed to yield a 
rhenium-containing precipitate when treated according 
to the method described. A number of samples of 
pyrolusite, concentrated according to the published 
method, failed to yield a rhenium-containing hydroxide. 

In view of the splendid agreement between the ob- 
served and calculated values for the wave-lengths of 
the X-ray lines reported, it was thought that perhaps 
Loring and Druce had access to salts and minerals which 
contained such amounts of rhenium as would pass 
through the concentration process and by virtue of 
various unusual solubility and adsorption phenomena 
be present in the final hydrated manganese oxide pre- 
cipitate. Accordingly, 1% of KReQ, was added to 
several 100-g. samples of hydrated manganese sulfate 
and the solutions carried through the procedure as 
reported. Spectroscopic examination of the “‘dwi- 
manganese’ precipitates indicated the presence of large 
amounts of manganese but failed to indicate the pres- 
ence of rhenium. Rhenium if present in the concen- 
trate was in amount less than 10-°. The same process 
of enrichment was repeated with MnO: and rhenium 
was likewise shown to be absent in the concentrate. 


a  iipei—eaaes AND WRIGGE, Z. anorg. allgem. Chem., 199, 66 
1931). 
16 Druce, Chem. & Ind., 51, 632 (1932). 
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With respect to the physical and chemical properties 
of element 75 as reported by Loring and Druce, the 
following points might be noted: 


(1) The only ‘brown oxide’ of rhenium known at 
the present time consists of a mixture of black 
ReO: and red ReO;. This product is but slightly 
soluble in dilute HCl. 

(2) Aqueous solutions of SO: are without appreciable 
solvent action on ReQ:. 

(3) Alkali fusions of rhenium or oxides of rhenium are, 
unless unusual precautions are taken, invariably 
yellow. It is only when the fusions are carried 
out in an inert atmosphere that a color approach- 
ing green is obtained. 

Perrhenate solutions are characterized by extra- 
ordinary stability. 

Rhenium does impart to the Bunsen flame a green 
color. The color, due to the 4889 A.U. line, is 
not a bright green but a bluish green. The test 
is not particularly delicate. 

As has been pointed out by Dr. Noddack, the 
weight conversion experiment of Druce might 
well be interpreted as the reduction of MnO, 
to Mn.O3;. The discrepancy of 14.4 mg. is not 
surprising when one considers the difficulties en- 
countered in preparing synthetic manganese di- 
oxide. 


CrLams oF DoLejJSEK AND HEYROVSKY 


Concurrent with the publications of Loring and Druce 
there appeared during the period 1925-27 a series of 
publications by V. DolejSek and J. Heyrovsky relative 
to the isolation of dwimanganese. Although they first 
obtained spectroscopic evidence for element 75 in the 
alkali precipitate of an electrolytic concentration, the 
bulk of the work appears to have been centered around 
the intensification and interpretation of an irregularity 
in a number of polarographic curves. In the first 
papers of the series DolejSek and Heyrovsky'”!® re- 
ported that in May, 1925, they found evidence of dwi- 
manganese in manganese salts. The method of con- 
centration consisted of depositing upon zine those 
impurities which might be precipitated from a con- 
centrated solution of manganese sulfate. The deposit 
on the zinc was dissolved in concentrated HCl, evapo- 
rated to dryness, and from a solution of the residue a pre- 
cipitate was obtained by adding NaOH. Although X- 
ray examination of the precipitate indicated the pres- 
ence of 75, the evidence was admittedly weak. The 
auto-registering polarograph which was used through 
the work? is essentially a very clever device for measur- 
ing a total deposition potential effect on a flowing mer- 
cury cathode. Although the data obtained are rather 
difficult to interpret they appear to be quite reproduc- 
ible. Curves obtained during the course of an investi- 
gation carried out on certain manganese solutions pos- 
sessed two “humps.” The first of these could be elimi- 

1% DoLey$eK AND Heyrovskt, Nature, 116, 782 (1925). 


18 DoLEJSEK AND HEyrovskY, Chem. Listy, 20, 4 (1926). 
19 HeyrovskY, Rec. trav. chim., 44, 488 (1925). 
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nated by passing H,2S through the acidic or sodium ace- 
tate solution. The precipitate gave rise to no X-ray 
lines which could be attributed to 75. The second 
irregularity in the curve was not affected by passing 
H2S through the acid or alkaline solution. When a 
solution displaying this second hump was treated with 
NaOH a hydroxide precipitate was obtained which, 
upon examination in a Siegbahn spectroscope, indicated 
element 75. Because of the possible interference of the 
zinc K,, line with the L,, line of 75, the workers deemed 
it advisable to develop a method of concentration 
which would provide against the introduction of zinc. 
This contamination was inherent in the original concen- 
tration. Accordingly the following procedure was de- 
veloped. 

Into a nearly saturated solution of MnSQ,, a small 
crucible containing manganese amalgam, prepared 
electrolytically, was introduced together with a large 
platinum foil connected externally to the amalgam. 
After several days the platinum foil was removed, 
rinsed with water, and the deposit washed off with con- 
centrated HCl. The solution thus obtained was diluted 
with water, neutralized with NasCO;, and slightly 
acidified with acetic acid. H»S was passed into the 
solution to remove Zn, Co, and Ni and the metals of 
the first two analytical groups. The remaining solution 
contained manganese contaminated with about 2% 
dwimanganese. The figure for the dwimanganese 
content was apparently arrived at from the intensity of 
the lines resulting from Réntgenographic study of the 
NaOH precipitate. 

The acidic chloride solutions were reported to have 
a greenish color. The dry green chloride rapidly dark- 
ened and turned black on standing. Neutral solutions 
deposited a yellowish brown precipitate on standing in 
air. This phenomenon was taken as an indication 
that higher valency compounds of 75 were more stable 
than those of manganese. A rather brief note by Dolej- 
Sek, Druce, and Heyrovsky”® indicated that the con- 
centrates obtained in the two laboratories were similar. 
Failure of the Noddacks to detect 75 in MnSO, or 
KMnQ, according to the DolejSek-Heyrovsky method 
of concentration was ascribed”! ?* to the possible lack of 
75 in the salts. In this communication the workers 
emphasized that, contrary to the Noddacks, they be- 
lieved that dwimanganese was not precipitated by H2S 
from a HCl solution and that it was precipitated from a 
manganese solution by H:Oo. 


DISCUSSION 

The two concentration methods described have been 
repeated on several different samples of crude manga- 
nese sulfate in this laboratory. In no case has an end- 
product been obtained in which rhenium could be iden- 
tified. Manganese sulfate containing 1% KReO, was 
concentrated according to the published procedure. 
Spectroscopic examination of the end-product indi- 


( 20 DoLEJSEK, Druck, AND HeyrovskY, Nature, 117, 159 
1926). 
21 DOLEJSEK AND Heyrovsk¥, Rec. trav. chim., 46, 248 (1927). 
22 DoLEJSEK AND HEyRovskKY, Chem. News, 135, 229 (1927). 
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cated the total absence of rhenium. In the case of the 
first method of concentration it might be noted that 
rhenium is not precipitated from neutral solutions by 
the addition of zinc. It is only when the solution is 
acidified that reduction takes place. Hydrogen sul- 
fide precipitates rhenium sulfide from hydrochloric acid 
solutions and hydrogen peroxide does not precipitate 
Re, ReOo, ReOs, or ResO;. In fact all known oxides of 
rhenium are converted to very soluble HReO, by the 
action of this reagent. Acidic chloride solutions of 
HReO, are colorless or slightly yellow. The only 
green rhenium salt known at the present time is the 
complex chloride produced by the action of strong reduc- 
ing agents on HCI solutions of KReO, or by the action 
of dry chlorine on a hot mixture of rhenium and KCl. 
From a study of the several methods of concentration 
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and extraction published by Loring and Druce and by 
DolejSek and Heyrovsky it is apparent that only by 
an amazing sequence of incomplete precipitations, com- 
plete reductions, and tremendous adsorptions could 
rhenium be isolated by following the procedures. 
Whether or not conditions could be adjusted as to 
result in an appreciable concentration is problema- 
tical. It seems fairly certain, however, that if ordi- 
nary manganese salts contain rhenium, the element is 
present in such infinitesimal amounts as to escape de- 
tection. Repeated attempts in this laboratory to iso- 
late rhenium from widely divergent types, kinds, and 
brands of manganese salts have proved fruitless. Like- 
wise the vast majority of pyrolusites either contain no 
rhenium, or rhenium, if present, is in amounts far be- 
low those reported. 





The QUANTITATIVE BALANCE 
in GENERAL CHEMISTRY 


MARSHALL A. GOFF 


State Teachers College, LaCrosse, Wisconsin 


EVERAL factors probably contribute to the fact 
that the quantitative balance is not used in gen- 
eral chemistry courses to the extent that it should 

be used. Large laboratory sections, lack of teaching 
assistants, little equipment in the line of balances and, 
not least, lack of time to put the freshman through the 
process of learning the weighing technic of quantitative 
analysis, and other reasons might be given for this con- 
dition. And yet no other laboratory procedure so con- 
cretely fixes in the mind of the student those fundamen- 
tal chemical laws as work with the balance. Such exer- 
cises may well illustrate the laws of definite and mul- 
tiple proportions, molecular and atomic weights, equiva- 
lent weights, valence, volume relations in solutions, 
etc. 

The following notes are given with the idea of show- 
ing that the above reasons for not using more quantita- 
tive experiments are not necessarily insurmountable 
and that the technic of the freshman balance is very 
simple. 

In the first place weighings to the nearest centigram 
are all that are required to attain the necessary accuracy 
in the exercises suggested above. If samples of at least 
1 gram are used an error of 1 centigram represents not 
more than | per cent. 

Balances of sturdy construction having a sensitivity 
of 1 milligram per space may be purchased very cheaply. 
(They are listed at less than thirty dollars.) Weights 
having the tolerance of class S-2 sell for less than ten 
dollars. With such apparatus weighings may be made 
to the third decimal place if desirable. 


In this laboratory the balances used have a sensi- 
tivity of less than 1 space per milligram, about 0.6 
space; thus 5 milligrams move the point of rest about 
3 spaces. The zero point of these balances is kept ad- 
justed within 0.6 space of zero on the scale. Hence an 
assumption of zero on the scale as the true zero point 
involves an error of no more than 1 milligram. Again, 
instead of taking an odd number of readings on one side 
and an even number on the other, one reading only is 
taken on each side. Since the damping of swings due 
to friction averages about 0.5 space the error involved 
in locating the point of rest is less than 0.2 space and 
since weights are taken by difference these errors prac- 
tically disappear. 

To make a weighing to the nearest centigram the 
student adds weights to the pan down to the 10 milli- 
gram weight that keeps the point of rest within 3 spaces 
of zero on the scale, that is, the number of spaces the 
pointer is moved by 5 milligrams. 

To simplify the instruction mimeographed sheets 
directing an exercise on the use of the balance are given 
out. Students are allowed to work in pairs. A demon- 
stration is given by the instructor to the whole group, 
and individual instruction of less than five minutes to 
each pair. The weights themselves are checked out and 
in at the beginning and end of each laboratory period. 
One or two students assist in the individual instruction. 
Those students not engaged in the quantitative ex- 
periment go on with the other laboratory exercises. In 
this way six balances serve a section of twenty-four, 
half working on quantitative exercises at one time. 
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HE first American student in Ostwald’s labora- 

tory was Morris Loeb and the second, A. A. 

Noyes. Among the American students publish- 
ing work done or begun in the old laboratory were 
the following, in alphabetical and not chronological 
order: W. D. Bancroft, S. L. Bigelow, Edgar Bucking- 
ham, G. W. Coggeshall, H. M. Goodwin, G. A. Hulett, 
H. C. Jones, Louis Kahlenberg, F. B. Kenrick, Morris 
Loeb, W. Lash Miller, A. A. Noyes, T. W. Richards, 
E. C. Sullivan, O. F. Tower, J. E. Trevor, A. J. Wake- 
man, W. R. Whitney. 

The old laboratory was not a very satisfactory 
place to work in when I left in 1892, only five years after 
it was opened. It became much worse as years went 
on. F. H. N. in Nature wrote about it in 1901 as 
follows: 


The Leipzig laboratory in which Ostwald worked until 1897, 
was situated in the ‘“‘Landwirtschaftliches Institut,’’ an old pile 
originally devoted to agricultural chemistry, and in every way 
unfitted for the carrying on of those delicate experiments which 
brought Ostwald to the forefront of scientific workers. .. . 
It would have been difficult to construct a laboratory worse 
adapted for physico-chemical investigations. But in spite of all 
these drawbacks the laboratories were soon overcrowded, and 
additional benches had to be fitted up in the corridors and cellars 
to accommodate the increasing numbers. 


In 1894 a new laboratory was authorized. The 
building was finished in the fall of 1897 and was dedi- 
cated in January 1898 under the name of Physical 
Chemistry Institute, the name of Second Chemical 
Laboratory being dropped. Ostwald felt that the 
important new field to be developed was catalysis. 
It must not be thought that this was Ostwald’s intro- 
duction to catalysis. In 1883 he had studied the rate 
of hydrolysis of methyl acetate by acids. In 1889 
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Henry and Coillan had studied cases of what Ostwald 
called auto-catalysis. In 1894 Ostwald wrote a review 
of a paper by Stohmann in which he gave the modern 
definition of catalysis: ‘Catalysis is the acceleration by 
the presence of a foreign substance of a chemical reac- 
tion which is taking place slowly.” 

In 1909 Ostwald was awarded the Nobel prize in 
chemistry for his work on catalysis. This shows that 
it was possible for him to receive the highest recognition 
for work without making use of atomistic conceptions. 
It may be urged that the great feature of Ostwald’s 
work was rather qualitative than quantitative, that 
catalysis was to be considered as accelerating an already 
existent reaction rather than as starting an otherwise 
non-existent reaction. The answer to this is that nei- 
ther van’t Hoff nor anybody else had seen this before 
Ostwald and that it was a number of years after Ost- 
wald had formulated it before people accepted it. In 
fact the writer of this sketch has his doubts about it 
even now. 

In the spring of 1904 Ostwald gave the Faraday Lec- 
ture in the theater of the Royal Institution. The main 
thesis of the lecture was that ‘‘it is possible to deduce all 
the stoichiometrical laws from the principles of chemical 
dynamics: the law of constant proportions; the law of 
multiple proportions; and the law of combining 
weights.’’ Ostwald did not make a success of this for 
two reasons. In the first place the laws of definite 
proportions are natural though not necessary conse- 
quences of the atomic theory. In the second place 
Ostwald did not really prove his thesis. From the fact 
that a chemical individual does not vary in composition 
within finite ranges of temperature and pressure, Ost- 
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wald says that he can deduce the law of definite pro- 
portions. This is a non sequitur. Sodium chloride 
may have a definite composition and potassium chloride 
may have a definite composition without there being 
necessarily any relation between the two. If there 
were as many sodium chlorides as there are hydro- 
carbons and if that had been generally true for all salts, 
we should probably never have had the laws of definite 
and multiple proportions. These are very interesting 
experimental facts and certainly cannot be deduced at 
present from any premises which do not already contain 
them. 

Starting with January, 1898, the wheels went round 
merrily in the new Jaboratory and the English-speaking 
students flocked in so rapidly that it was reported that 
the chief assistants had already forgotten their German 
without having yet learned English. All went well 
except with the director. Ostwald was a fine figure of a 
man with a superb chest. He looked in 1892 as though 
no fatigue would ever be too much for him; but he took 
no exercise and played no games. He worked incredi- 
bly hard and his idea of rest was to change from one 
form of intense mental effort to another form. Since 
he did not know anything about athletics, he never 
distinguished until too late between going stale and the 
beginning of a breakdown. Like many people he was 
pretty well played out by the end of the semester but a 
few weeks painting at the seashore put him into shape 
again. I have been told that in the summer of 1893 
he collapsed while lecturing, which was a very bad sign. 
He kept going fairly well until 1895. The experience 
and disappointment in regard to energetics at Liibeck 
in September 1894 was not a good start for the winter’s 
work and by the end of 1895 he was pretty sick. He 
was given leave of absence for the summer semester. 
When he came back in the fall of 1896 he was in fairly 
good shape and in the winter of 1896-97 he did a tre- 
mendous piece of work on the crystallization of super- 
saturated and supercooled liquids. 

The work on periodic phenomena with metallic 
chromium in 1899 cheered Ostwald up a bit, though the 
final collapse of this investigation, owing to the inability 
to get more of the same chromium, cannot have been 
helpful. Things got gradually worse. His memory 
was not so phenomenal as formerly, though doubtless 
much better than that of most people. Talking to the 
advanced students about their work became a strain 
rather than a joy, and he paid two extra assistants out 
of his own pocket to take some of this load off his 
shoulders. 

As time went on Ostwald’s ability to do chemistry 
and his interest in the subject became less and less. 
In the winter of 1904-5 Ostwald asked to be relieved of 
giving lectures in the summer semester. The minister 
referred this to the faculty which refused the request. 
Ostwald resigned his chair. Many of his friends urged 
him to reconsider his decision and he agreed to do so 
provided he was not required ever to give any more 
lectures in chemistry. Even a university faculty could 
not reverse itself to that extent publicly. A few weeks 
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later Ostwald was named as the first German exchange 
professor to Harvard, so he remained a university 
professor until the summer of 1906. In view of the 
great importance of the research work done in Ostwald’s 
laboratory relatively to the lectures, most chemists felt 
and still feel that the Leipzig faculty made a bad mis- 
take. There is something to be said on their side. 
In 1900 Ostwald began giving lectures on philosophy to 
over four hundred people; the lectures he then pub- 
lished as a book. In 1901 he started a new journal, the 
Annalen der Naturphilosophie, with himself as editor. 
In 1904 he was one of the principal speakers at the 
International Congress of Arts and Sciences in St. 
Louis; but he spoke before the section of philosophers 
and not before the chemists. It may well have been 
that the Leipzig faculty felt that Ostwald should decide 
whether his main interest was chemistry or philosophy. 
Whether this was so or not, Ostwald did decide in favor 
of philosophy and retired to Gross-Bothen in Saxony 
where he lived as a free lance the rest of his life. So- 
dium rhodanate would probably have saved Ostwald 
for chemistry. 

I shall not follow Ostwald into the field of philosophy; 
but there are other matters of interest to chemists and 
I propose to mention a few of them. In 1901 Ostwald 
announced that his health did not permit his being ac- 
tive longer in the affairs of the German Electrochemical 
Society of which he was a charter member and the 
first president. There was not enough work on electro- 
chemistry being published to keep the society going, 
so it was proposed to change the name to the German 
Society for Applied Physical Chemistry. Ostwald, 
with his feeling for the dramatic, advised calling the 
society the. German Bunsen Society for Applied 
Physical Chemistry and this was adopted in 1902 
though against a good deal of opposition. This title is 
usually abbreviated to Bunsen Society which brings it 
in line with the Faraday Society. The absence of the 
word “electrochemical” in the names of the two socie- 
ties has made it possible for the American Electrochemi- 
cal Society to change its name to the Electrochemical 
Society, though it too has had to broaden its scope. 

As has been previously mentioned, Ostwald thought 
that he had proved in 1887 that the electromotive force 
of the electrode Hg, HgeCl., NW KCl was 560 millivolts. 


This electrode is still known as the normal calomel 
electrode. For measurements involving hydrogen ions 
a hydrogen electrode is a convenient reference electrode 
and is so used. In 1905 the Bunsen Society was asked 
to make the normal hydrogen electrode the official 
electrode and to call its potential difference arbitrarily 
zero. The nominal reason was that it was better to 
have a standard that everybody knew was wrong than 
one like the normal calomel electrode which was so near 
right than it might be misleading. Actually it was a 
fight between the Géttingen and the Leipzig labora- 
tories. Ostwald was not strong enough to win; but he 
saved something from the wreck. The next year the 
Bunsen Society adopted two standards. If the un- 
known electrode is measured against the calomel elec- 
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trode, the value of the cell is called E,; if the unknown 
electrode is measured against the hydrogen electrode, 
the value of the cell is called E,. That is equivalent to 
calling the potential difference between mercury and 
the solution zero and the potential difference between 
hydrogen and the solution also zero. In other words 
the Germans now have two standards, both wrong. 
Politics does enter into science at times. 

In 1909 Ostwald published a book entitled ‘‘Grosse 
Manner’ in which he attempts to classify men of genius 
and to formulate the laws governing their careers. He 
divides the men of genius into two general classes, the 
romanticists and classicists, the chief difference between 
them being one of mental reaction velocity. The classi- 
cists have a low reaction velocity and the romanticists 
a high one. The classicists tend to be phlegmatic and 
melancholic while the romanticists are sanguine and 
choleric. The difference is thus one of mental tempera- 
ture. 

Ostwald was, of course, a romanticist. In this 
country Whitney is a romanticist, while Richards was 
and Langmuir is a classicist. With himself in mind 
Ostwald brings out strikingly the tendency of the 
romanticist to change in later life to another branch of 
the science or even to another science. Ostwald attri- 
butes this, apparently properly, to mental exhaustion; 
but he rather implies that it is also connected with the 
romantic temperament. In this I think that he gives a 
false impression, though I may be reading into his 
words more than he meant to put there. I should pre- 
fer to word the matter a little differently. As a result 
of his temperament the romanticist is more likely to 
break down from mental exhaustion than the classicist 
and is consequently more likely to change his subject 
in later life. If the romanticist does not break down, 
I should doubt his changing over to another branch of 
the same science. 

In 1912 Ostwald published a book called “Der 
energetische Imperativ.’’ The review that I wrote of it 
at that time is still applicable. 


The energetics imperative, as Ostwald defines it, is that energy 
is to be conserved and not wasted. Whether Ostwald lives up 
to his own maxims is a matter of opinion. This volume contains 
his suggestions as to: an international organization of chemists; 
a universal language; an international coinage; the proper size 
of a printed page; universal disarmament; the setting of type; 
the improvement of schools; a new type of university; German 
script; the development of genius; the status of women; and 
anewcalendar. No one will deny that these things are all worth 
thinking about. One may also admit that Ostwald’s views on 
these subjects are interesting; but one cannot help feeling that 
a man may develop a mania for reform. It seems probable that 
Ostwald would accomplish more if he would concentrate himself 
on not to exceed half a dozen reforms and should carry them 
through. To this extent the book is a disappointment. It is 
very valuable, however, as showing the workings of an active 
brain. 


In 1912 Ostwald published another book entitled 
‘“‘Monumentales und dekoratives Pastell’’ in which he 
describes a modified form of pastel which should stand 
up in the open air in spite of the sulfuric acid from the 
burning of coal. 


JouRNAL OF CHEMICAL EDUCATION 


After the World’s Fair at St. Louis, Ostwald spent 
some time at Niagara Falls painting. He was tre- 
mendously impressed by the beauty of the autumn 
leaves, which is so different from anything that they 
have in Germany. He expressed himself to me as 
planning to paint a great many pictures and to exhibit 
them some winter in New York. He said that he ex- 
pected to be hailed as the discoverer of the American 
landscape. The pictures were not painted, the exhibi- 
tion was not held, and Ostwald is not considered the 
discoverer of the American landscape. It was a won- 
derful dream and thoroughly characteristic of Ostwald. 

After the World War Ostwald put in a great deal of 
time on the theory of color. In 1923 he published a 
book called ‘‘Farbkunde.” ‘The last years of Ostwald’s 
life were devoted to studying the theory of color. 
Anybody who has received a Nobel prize is eligible to 
make nominations for future awards. Ostwald wrote 
to Arrhenius nominating himself for a Nobel prize in 
physics in recognition of his work on color. The award 
was not made; but Ostwald was absolutely right in 
thinking that the work was worthy of an award. 

After these details it is desirable to get a general view 
of Ostwald’s work. We can distinguish three groups of 
scientific men. In the first and very small group we 
have the men who discover fundamental relations. 
Among these are van’t Hoff, Arrhenius, and Nernst. 
In the second group we have the men who do not make 
the great discovery but who see the importance and 
bearing of it, and who preach the gospel to the heathen. 
Ostwald stands absolutely at the head of this group. 
The last group contains the rest of us, the men who 
have to have things explained to us. There are all 
gradations in this group, from the men who need only a 
suggestion to those who never learn. The first group 
is apt to be helpless without the second group. Ost- 
wald was a great protagonist and an inspiring teacher. 
He had the gift of saying the right thing in the right 
way. When we consider the development of physical 
chemistry as a whole, Ostwald’s name, like Abou ben 
Adhem’s, leads all the rest. Ostwald has really out- 
lined his great value to the world, probably consciously, 
in the book ‘Grosse Manner.”’ In many cases the 
great genius is not able to get his idea accepted and that 
task falls te a man who may be less clever but who 
speaks a language that the world understands. 

There are plenty of illustrations in modern chemistry 
of the truth of this view of Ostwald. The theory of 
stereochemistry was developed independently by van’t 
Hoff in Holland and by LeBel in France; but it is very 
much of a question whether either of these men could 
have got the theory accepted in any reasonable time. 
Nobody will dispute that the work essential to the 
adoption of the theory was done by Johannes Wisli- 
cenus in Germany. The experiments of Pfeffer on 
osmotic pressure and of Raoult on the lowering of the 
freezing-point were very interesting; but nobody 
knew just what they meant. It was van’t Hoff who 
furnished the theoretical explanation which was lack- 
ing, and who thereby enabled Pfeffer and Raoult to get 
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the credit which was properly due them. The theory 
of. osmotic pressure was due to van’t Hoff, the theory of 
electrolytic dissociation to Arrhenius, and the modern 
theory of electromotive forces to Nernst; it was 
Ostwald who fought the battles which resulted in the 
acceptance of these views. Avogadro was put across 
by his countryman, Cannizzaro; Gibbs by Roozeboom 
and by Ostwald; Donnan by Jacques Loeb; and Dar- 
win to a great extent by Huxley. 

It is clear enough what Ostwald accomplished; but 
what made it possible for him to be the man who did 
what he did? He had many advantages and one 
serious handicap, that of coming from Riga, which would 
normally have barred him from ever becoming professor 
at a German university without ever having studied in 
Germany. He was a man of many talents, with an 
enormous capacity for work, a phenomenal memory, 
and great personal charm. He was a skilful experi- 
menter, he saw things as a whole, he loved to expound, 
he had a facile pen, an extraordinarily interesting sub- 
ject, and a journal of his own. Certainly none of these 
things singly was sufficient and I doubt whether all 
combined will account for Ostwald. There was 
another gift made by the fairy godmother which was 
the most important of all. 

I have known two chemists who would push Ostwald 
hard for many-sidedness; but they were both swamped 
by their multiplicity of talents and are practically un- 
known to the scientific world. Van’t Hoff had the 
same subject, was the greater genius, had the advantage 
of having become famous through his conception of the 
tetrahedral carbon atom, and was nominally a co- 
editor with Ostwald. It was a foregone conclusion that 
van’t Hoff would receive the first Nobel prize in chemis- 
try, and everybody knew that he was the ideal man 
for the award. Yet everybody will also admit 
that van’t Hoff played second fiddle to Ostwald so 
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far as the development of physical chemistry was 
concerned. 

Wolfgang Ostwald had an even more generally 
interesting subject in colloid chemistry than his father 
had in physical chemistry; he had his own journal and 
a plethora of words; and he had the advantage of hav- 
ing his father back of him. He has done well; but he is 
a second Ostwald only by birth. 


What was the magic gift that Wilhelm Ostwald had 


and that van’t Hoff and Wolfgang Ostwald did not 
have? I think that it was the gift of expression, which 
enabled Ostwald to say a thing in such a way that the 
reader understood it and was interested by it. The 
difference is seen clearly if one compares any book by 
Wilhelm Ostwald with any book by van’t Hoff or by 
Wolfgang Ostwald. 

It was the fact that Ostwald could write as he did 
that, combined with his other advantages, made him 
the leader that he was. Slosson could write so that he 
made thousands of people interested in chemistry; 
but he was not an investigator and did not have the 
first-hand knowledge which would make him a leader of 
chemists. It was this gift of expression which made it 
possible for Ostwald to do certain things that van’t 
Hoff could never do. 

Ostwald’s gift for leadership showed itself in the way 
his pupils regarded him all through their lives. They 
usually believed what Ostwald said even when they 
knew that he was not right. 

If I have succeeded at all in showing what I, the most 
carping of Ostwald’s pupils, have always felt about him, 
it will be easy for anybody to realize the attitude of 
Ostwald’s more enthusiastic followers. He was a great 
man and he did a great work which no other man could 
have done as well as he did it. Ostwald was absolutely 
the right man in the right place. He was loved and 
followed by more people than any chemist of our time. 


(This is the second and concluding instalment of Dr. Bancroft’s article.) 





A CHEMICAL FLOWER GARDEN OF 1706 
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Reproduced from a paper by Lémery in the Memoirs of the 
French Academy. He secured his “vegetations” by the use of 
iron salts, and inferred that iron is therefore necessary to the 
growth of plants. A non-chemist at present, using ammonia 
water in the preparation of a “depression plant,’ might 
inference to 
reach the right conclusion that ammonia is necessary to 


similarly be tempted by a wrong process o 
the growth of plants. 
(Contributed by Tenney L. Davis) 
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A PROPOSED ENCYCLOPAEDIA 
of CHEMICAL REACTIONS 


C. A. JACOBSON 


Industrial Science Division, West Virginia University, Morgantown, West Virginia 


Epitor’s \Note: Despite the excellent abstracting 
services availgble to us and the reference compilations 
to be found % all well-equipped chemical. libraries, the 
labor of making a reasonably thorough search of the 
literature pertaining to even a very limited field of chemical 
subject matter is tremendous. A truly exhaustive search 
is seldom attempted and probably represents in reality 
only an ideal to be approached as closely as possible. 

The usual literature search may be roughly divided 
into four stages: (1) accumulation from reference works 
of a summary of facts with corresponding references for 
subsequent checking and amplification by direct resort 
to the literature; (2) extension of the original summary 
by search of abstract indices; (3) examination of ab- 
stracts to determine which references are worthy of fuller 
investigation; (4) verification of facts and references 
already accepted as useful and supplementation of sum- 
maries by direct resort to the literature. 


++ + 


HE need of access to some work of reference 
‘fe which would provide easily located information 

regarding known reactions of elements and 
compounds, has doubtless been felt by all who have 
pursued research of a chemical nature. 


No reference book on chemical properties and re- 


actions is complete. In fact, all such reference books, 
in toto, printed in any one language would be quite 
incomplete in supplying information about all known 
chemical transformations. Consequently, the loss 
of time and materials attributable to duplication of 
investigations is enormous. In short, if a digest of the 
world’s chemical knowledge were available in easily 
accessible form, a greater impetus to productive re- 
search would be given than through any other single 
achievement in the realm of chemistry. 

The nature of the work and the plan for accomplish- 
ing such a momentous undertaking are outlined in the 
following pages. 


1. All reactions are to be given under each element, 
the elements being arranged alphabetically with 
respect to their symbols. 

2. The reacting substances are to be placed in 
alphabetical order with respect to their symbols 
or to the symbol of the most significant electro- 
positive element present. 

3. All reagents that effect some chemical transforma- 
tion of the reacting substance in question are 


It is obvious that if any of these processes could be 
performed more efficiently or if any two of them could be 
combined, library research would be significantly facth- 
tated. A work of the type proposed by Dr. Jacobson 
would combine the convenience of an tndex with a con- 
siderable portion of the informational content of abstract 
and reference works. If it should be found economically 
feasible to issue such a work in card-index form with 
provision for periodical supplementation by card addi- 
tion, the time-lag factor could be reduced to a minimum 
and ultimate obsolescence entirely avoided. (In this 
event it would be necessary to devise some other system 
than simple consecutive numbering to indicate the proper 
sequence of cards.) 

The plan of the proposed encyclopedia is here pre- 
sented to the chemical public for the dual purpose of 
stimulating comment upon the general idea and of in- 
viting criticism of specific details. 


++ + 


alphabetically placed in a marginal space to 
the left, and are numbered consecutively under 
each element. 

The symbol or formula of the reacting substance 
is placed at the head of each group of reactions, 
and the symbol or formula of the reagent, under 
its number in the marginal space. A signifies 
heat, « the electric current or spark, and P 
pressure. 

Opposite each reagent and number is to be given 
a brief statement of the salient condition 
governing the reaction between the substance 
and the reagent employed. 

Following the paragraph stating the conditions of 
reaction is a completely balanced equation, 
expressing by symbols and formulas the com- 
pleted reaction. 

If the reaction proceeds by steps, then each step 
is to be represented by a separate equation, 
and lettered, (a), (b), (c), ete. 

If the resulting product of a reaction is known 
only by name, as in the case of No. 86 under 
iron, then the name should be substituted for 
the formula in the equation. 

If the reagent is complex in composition so that 
its nature cannot readily be recognized by its 
formula, as, for example, dimethylglyoxime in 
No. 280 under carbon, then the name should 
be given in the margin. 


614 





OcroBeER, 1933 


10. When precipitates are known to be formed, the 
formulas of these products are printed in bold- 
face type. 

11. When probable compounds are formed in the 
reaction but not reported in the original paper, 
the formulas of such compounds are inclosed 
in parentheses. ‘ 

A question mark is introduced in the equations of 
reactions where a prediction of omitted products 
cannot be made, as for example No. 353 under 
arsenic. 

When the formation or decomposition of different 
hydrates or ammonates is involved, the varying 
conditions may be included in the same para- 
graph, and the formulas of the hydrates or 
ammonates follow one another in the equations 
below. 

If either the reacting substance or reagent is 
known only by its chemical formula, then it 
should be placed in alphabetical order with 
respect to the name of the most electropositive 
element. 

This work should cover completely the chemical 
transformations of all active elements and their 
compounds, with the exception of the com- 
pounds of carbon. 

The carbon compounds to be included may be 
given, provisionally, as follows: (a) all com- 


pounds containing carbon with one other 


element alone, excepting hydrogen; (0) all 
hydrocarbons up to and including six carbon 
atoms; (c) all compounds containing one or 
two carbon atoms together with hydrogen.and 
oxygen; (d) compounds of carbon that are 
inherently inorganic in nature like the oxalates, 
carbonyls, cyanides, thiocyanates, etc.; (e) 
organic compounds that serve as reagents for 
inorganic processes. 

Formulas found in the older literature such as HO 
for water, C,H: for acetylene, etc., should 
appear in quotation marks, but with the correct 
formulas in the equation as illustrated in No. 
364 under antimony. 

Reactions that are apparently erroneous may be 
included with a question mark, when reported 
by famous chemists, as illustrated by No. 130, 
under carbon. 

Following the equation, the name of the author 
and the literature reference, including date, 
are to be given. 

The statement of conditions of a given reaction, 
together with its equation will appear but once 
in the work. When the same reaction is en- 
countered under the other elements involved, 
then reference is made to the place where the 
reaction was first encountered. Exception to 
this rule will be made in the case of most of 
the compounds containing hydrogen; oxygen, 
sulfur, and the halogens. 

21. No equations will be given under oxygen. 
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Under hydrogen only those reactions will be 
included that deal with compounds of hydrogen 
containing one other element, and when that 
element is carbon, the limitation is stated under 
(160). 

In reproducing or abstracting the conditions 
governing a given reaction, close adherence to 
the letter of the text, even though it is am- 
biguous or manifestly erroneous, must be 
maintained. This work is intended to be of 
historical as well as of practical value. 

A large number of organic reactions could be 
expressed by graphic, or empirical formula 
equations but no attempt will be made at 
present to cover the organic field in this way. 


The appended reactions have been selected to 
illustrate the plan of the work, with a view to eliciting 
criticisms or suggestions as well as for the purpose of 
creating an interest in the undertaking. The work 
could never be completed without the help and co- 
operation of a large number of workers who would 
be willing to cover the chemical literature in the 
different languages. 

The intention is to secure a large number of asso- 
ciate editors representing the chemical literature of 
every country, each associate editor to be responsible 
for the abstracting of articles representing chemical 
reactions appearing in one journal or small group of 
journals, and for transmitting these records to a central 
office, where the tabulation and arranging of the data 
would take place. 

All data appearing in the publication will have been 
worked up by some one of the associate editors, whose 
names and addresses will appear in the work, as being 
responsible for all abstracts taken from a given journal. 
Suppose, for example, Mr. O. Fioli of Rome, Italy, 
had abstracted No. 301 under lithium, and that some- 
one desires more information concerning this reaction, 
which is only available in the Aiti. est. Veneto Sci. let. 
arti. and cannot be procured or read by the person desir- 
ing the information. This work would show him at 
once with whom to communicate. 

Other advantages of a complete and perpetuated 
work of this nature will doubtless appear as the plan 
is perused. 


ALUMINUM 


Al 


Aluminum unites directly with carbon in a vacuum at 


No. 5 
The reaction 


cc 650° forming yellow aluminum carbide. 
[c means with]} proceeds rapidly at 1400°. 
4Al + 3C = AhCs 
J. N. Prine, J. Chem. Soc., 932, 2103 (1908) 


Metallic gold and aluminum oxide separate while potas- 
sium cyanide is formed in solution when an alkaline solution 
of potassium aurocyanide is treated with aluminum. 
2Al + 6KAu(CN)2 + 6KOH = 6Au + 12KCN + AlhOs 

+ 3H:0 
Mo.pENnHAuvER, D. P. 74,532 (1893); Ber., 27, 678 (abstr.) 

(1894) 


No. 80 
c KAu(CN)2 
+ KOH 











No. 355 
cK or Na 







No. 375 
~ NazF2 







No. 390 
© CoCle 







No. 401 
¢ C:2HsOH 







No. 488 
c¢C + N2 






No. 530 
¢ H:O 







No. 643 
© H2O2 









AICls 
Metallic potassium reduces aluminum chloride to alumi- 
num when the two are heated together. 
AICl + 3K = Al + 3KCI 
Wouter, Pogg. Ann., 11, 146 (1834); Ann., 92, 252 (1854) 


Cryolite is precipitated when a solution of sodium 
fluoride is treated with a solution of aluminum chloride. 
AICls + 3Na2F2 = NasAIFs + 3NaCl 
C. Pieper, D. P. 35,212; Ber., 19, 325 (abstr.) (1886) 


Alls 
Tetrachloroethylene is formed when aluminum iodide 
reacts with hexachloroethane. 
2AllIs + 3C2Cle = 3C2Cls + 2AICls + 32 
G. Gustavson, Ber., 9, 1607 (1876) 


AIN 
Aluminum hydroxide is formed when aluminum nitride 
is treated with ethyl alcohol at 230° in a sealed tube. 
Tertiary ethyl amine is found in solution. 
AIN + 3C:HsO0H = Al(OH); + (C2Hs)sN 
FICHTER AND SPENGEL, Z. anorg. Chem., 82, 200 (1913) 





AleOs 
Aluminum nitride is formed when aluminum oxide and 
carbon are heated at 1500° in an atmosphere of nitrogen. 
AkOz + 3C + Nz = 2AIN + 3CO 
FRAENKEL, Z. Elektrochem., 19, 362 (1913) 





AIP 
Phosphine is evolved quantitatively, and aluminum 
hydroxide is formed when aluminum phosphide reacts with 
H:O in the presence of H2SO,. 
AIP + 3H:0 = 2PH; + Al(OH)s 





L. Franck, Z. anal. Chem., 87, 173 (1898) 


KAIO: 
Potassium peraluminate is formed when hydrogen per- 
oxide oxidizes potassium meta-aluminate in cold solution 


and is precipitated by alcohol. 
KAIO2 + H2O2 + 5H20 = KAI1O;-6H:0 


TanatTar, Ber., 36, 1893 (1903) 












€ C:He 
“C,He” 







No. 530 
¢ C:H;OH 







ANTIMONY 


Acetylene is passed into antimony pentachloride until 
saturated. Upon cooling, rhombic crystals of acetylenic 
antimony pentachloride are obtained. 
CoHz + SbCls = C2H:SbCls (‘CsH2’’) 
BERTHELOT AND JUNGFLEISCH, Ann., 7 (Suppl.), 252 (1870) 
2LisSbSs-17H2O0 

At 30° alcohol completely dehydrates the hydrated 

lithium thioantimonate. 


2LisSbSi-17H2O0 = 2LisSbSi + 17H20 
F. A. H. ScHREINEMAKERS, Chem. Weekblad, 7, 211 (1910) 











No. 24 
cSn +P 






No. 153 
c HS 














ARSENIC 


As 
Stannic arsenide is formed when a mixture of tin and 
arsenic is subjected to pressure. 
4As + 3Sn = SnsAxy 
W. Sprinec, Ber., 16, 325 (1883) 


HsAsOu 

Arsenic acid is slowly but completely converted into 
thioarsenic acid by hydrogen sulfide; thioarsenic acid is 
unstable and breaks down into arsenic pentasulfide and HeS. 

(a) HsAsOs. + HeS = H3AsOsS + H20 

(b) HsAsOsS + H2S = HsAsO2S: + H20 

(c) HsAsO2S: + H2aS = HsAsOS3 + H2O 

(d) HsAsOSs + H2S = HsAsSs + H2O 

(e) 2HsAsSs = AseSs + 3H2S 


McCay, Z. anorg. Chem., 29, 36 (1902) 


No. 187 
¢ PCls 


No. 192 
¢ HgCh 


No. 218 
¢ SiHCls 


No. 274 
c Os 


No. 338 
© K2S20s 


No. 353 


No. 402 
¢ KioWi20a1 


| 
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AsH3 
A solid hydride is formed when arsine reacts with PCls 
in the absence of air at 0°C. 
2AsH3 + 2PCls = 2PCls + AseH2 + 4HCI 
J. V. Janovsxy, Ber., 8, 1638 (1875) 


eee eeereseees 


A yellow and finally black ppt. forms when arsine reacts 
with mercuric chloride in water solution. 

(a) AsHs + 2HgCk = AsHHg:Cle + 2HCI 

(b) 2AsHs + 3HgCk = As:Hg: + 6HCI 
Francescui, L’Orosi, 18, 289 (1890) 
PARTHEIL AND Amort, Ber., 31, 594 (1898) 


AsFs 
Arsenic trifluoride reacts vigorously with silico chloroform 
at ordinary temperatures to form elementary arsenic, etc., 


as indicated below. 
4AsF3 + 3SiHCls = 2As + 3SiFs + 2AsCls + 3HC1 


RuFF AND ALBERT, Ber., 38, 53 (1905) 


As2Oz 
Arsenic trioxide is oxidized to arsenic pentoxide by ozone. 
As2O3 + 203 = As:Os + 202 


Yamaucui, Am. Chem. J., 49, 58 (1913) 


As2Ss 
Potassium metarsenite is formed when arsenic tri- 


sulfide reacts with potassium hyposulfite. 
2As2Ss + 8K2S20s = 4KAsOz + 6K2S203 + 3S + 7SO2 


R. Bunsen, Ann., 192, 310 (1878) 


As(CNS)3 
Carbon disulfide is formed when arsenic thiocyanate is 


heated. 
2As(CNS)s + A = 3CS2 + (?) 


P. Migugt, Ann. chim. phys., 11, 351 (1877) 





KHeAsO, 

A complex salt is obtained when potassium diacid 
arsenate in solution reacts with potassium duodecatung- 
state. 
4KH2AsO. + KioWi20u0 + 3H20 = 2(As20;-6W0O3-3K30-- 

3H20) + (2KOH) 

W. Grsss, Proc. Am. Acad. Arts Sci., 16, 134; Ann., 245, 
50 (1888) 





No. 14 
ce Cle 


No. 74 
¢ NaNHe 


No. 103 
cle 








BROWNE AND Hort, J. Am. Chem. Soc., 44, 2110 (1922) 










CARBON 


Cc 
Ammonia passed over glowing carbon forms ammonium 


cyanide and methane. 
38C + 4NH3 = 2NHiCN + CHa 


F. Kuniman, Ann., 38, 62 (1841) 


(SCSNs)2 

Chloro-azido-dithio-carbonate is prepared by passing 
a moderate excess of Cle through a chloroform solution of 
azido-carbon disulfide at —15°, the excess Cle being re- 
moved by dry air. On evaporating the solvent a white 
solid undergoing gradual transformation into a yellow 
viscous oil is obtained. 

(SCSN3)2 + Cl = 2CISCSNs 

W. H. GARDNER AND A. W. Browns, J. Am. Chem. Soc., 


49, 2761 (1927) 


COz 
Carbon dioxide acts on sodamide to form sodium cyan- 
amide. 
(a) NaNHe + CO: = OCNH:0Na 
(b) OCNH:ONa = NaOCN + H:O 
(c) NaOCN + NaNHez = Naz:CN: + H:O0 


Drecuse, J. prakt. Chem., 16, 203 (1878) 


CS: 

Iodine acts on an aqueous solution of potassium-tri- 
nitride in the presence of CS: to form potassium iodide and 
a precipitate of azido-carbon disulfide. 

(a) KNs + CS: = KSCSN3 

(b) 2KSCSNs + I: = (SCSNs3)2 + 2KI 















iw 


aly 















No. 130 
cA 













No. 160 
c HeS 







No. 196 
c¢ Ck 








No. 218 
¢ H:O 








No. 220 
c Br 







No. 251 
c¢ CH3;CHO 











No. 280 
¢ dimethyl- 
glyoxime 










No. 398 
¢ H202 











No. 424 
© K2COs3 








OcToBER, 1933 


CCh(‘CaChe’’) 

This chloride of carbon was passed through a glass tube 
filled with broken glass heated red hot. The resulting 
vapors were condensed and the free chlorine was removed 
by mercury. 

CCh + A = CCh + (Ch) 


von V. REGNAULT, Ann., 30, 350 (1839) 


HiCoNa 
On heating a liquid ammonia solution of dicyano-diamide 
at a temperature of 100° for several hours, melamine in the 
form of beautiful crystals is obtained. 
3HiC2Ni + A = 2H,C3Noe 
E. C. FRANKLIN, J. Am. Chem. Soc., 44, 504 (1922) 





CNI 
A solution of cyanogen iodide reacts with hydrogen 
sulfide to form hydrocyanic acid, hydriodic acid, and sulfur. 
.CNI + HS = HCN + HI+8 
| G. P. Baxter, J. Am. Chem. Soc., 26, 1580 (1904) 


HCN 

If chlorine is conducted through a solution of alcohol 
with hydrogen cyanide, cyanogen chloride is formed. The 
cyanogen chloride decomposes in the presence of water to 
yield ammonium chloride and carbon dioxide. 

(a2) HCN + Ck = CNCl + HCl 

(b) CNCI + 2H:0 = NHiCl + CO: 
STENHOUSE, Ann., 33, 95 (1839) 


Pb(CNO):2 
Plumbic cyanate is hydrolyzed by hot H:2O to urea and 
lead carbonate. This is a quick and simple method for 
obtaining pure urea. 
Pb(CNO)2 + 2H20 = CON:2H;s + PbCO;3 
A. C. Cummincs, J. Chem. Soc., 832, 1391 (1903) 


Pb(SCN)2 

An ethereal solution of free thiocyanogen may be made 
by treating a plumbic thiocyanate suspension in ether with 
slightly less than the calculated amount of bromine. 

Pb(SCN): + Bre = (SCN)2 + (PbBrz) 

Witcoxon, McKINNEY, AND Browns, J. Am. Chem. Soc., 

47, 1920 (1925) 
SODERBACK, Ann., 419, 217 (1919) 


CH3MglI 

An addition product (a) easily decomposed by water, 
(b), or acids, (c), is formed when methyl magnesium iodide 
(Grignard’s reagent) in ether solution is added to acetalde- 
hyde. 

(a) CH;sCHO + CH3MglI = (CH;),CHOMgI 

(b) (CH3:)2CHOMgI + H2O0 = (CH3:)2CHOH + IMgOH 

(c) (CHs)2CHOMgI + HCI = (CH3)2eCHOH + IMgCl 
M. V. GRIGNARD, Compt. rend., 180, 1322 (1900); 132, 

336, 558 (1901) 


Ni(C2H3sO2)2 

When a hot, saturated alcoholic solution of nickel acetate 
is treated with an alcoholic solution of dimethylglyoxime 
a crystalline precipitate of intense and characteristic color 
appears (quantitative). 

Ni(C2H3O2)2 + 2(CHs3)2C2(NOH)2 = CsHuNsO.Ni + 

(2HC2H302) 

L. TscuHuGagErr, Z. anorg. Chem., 46, 144 (1905) 


KCN 

When potassium cyanide and hydrogen peroxide are 
brought together in solution, four-fifths of the reaction 
proceeds as shown in (a) and (b), while one-fifth goes 
according to (c). 

(a) KCN + H202 = KOCN + H20 

(6) KOCN + 2H:0 = K(NHs)COs 

(c) KCN + 2H:0 = HCOOK + NH; 


O. Masson, J. Chem. Soc., 912, 1449 (1907) 


KiFe(CN)e 
If a mixture of 8 parts of potassium ferrocyanide and 3 
parts K2CO; is heated to glowing, potassium cyanide and 
cyanate are obtained. ‘ 
KaFe(CN)s + K2COs = 5KCN + KCNO + Fe + COz 


J. Liesic, Ann., 41, 286 (1842) 
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NaC2N3 
No. 499 On adding silver nitrate to a solution of sodium di- 
ce AgNO; cyanimide, the silver salt separates as a pure white, very 
bulky precipitate. 
NaC2N; + AgNO; = AgC:N; + (NaNOs) 
E. C. FRANKLIN, J. Am. Chem. Soc., 44, 500 (1922) 
H2N2C2S3 
No. 536 Perthiocyanic acid breaks down into thiourea carbonyl 
¢ H:O sulfide and sulfur when heated with water or strong sulfuric 
acid (a), or into ammonium thiocyanate, carbon dioxide, 
hydrogen sulfide and sulfur when heated with water to 
200° in a sealed tube (0). 
(a) HeN2C2oS3 + H2O = CS(NH2)2 + COS + S 
(b) HeNeCoSs + 2H2x0 = NHiCNS + CO: + HeS + S§ 
CHATTAWAY AND STEVENS, J. Chem. Soc., 712, 609 (1897) 
IRON 
ate ee ee ee 
FeCl; 
No. 86 A cold acid solution of ferric chloride, containing about 


¢ Cupferron 


0.2 gram in 100 ce. is treated with a 6% solution of cup- 
ferron, producing a red, flaky precipitate of iron-nitroso- 
phenyl hydroxylamine (quantitative). 

FeCl: + CscHsNONONH; = Cupferron-iron salt + (3HCl) 
R. Fresenius, Z. anal. Chem., 50, 36 (1911) 

O. Bauptiscu, Chem.-Zig., 33, 1298 (1909) 

BAvuDIScH AND KING, J. Ind. Eng. Chem., 3, 629 (1911) 
Bittz AND HOprtkg, Z. anorg. Chem., 66, 426 (1910) 
NISSENSON, Z. angew. Chem., 23, 969 (1911) 








No. 46 
¢ HCl 


No. 58 
¢ Si 


No. 112 
ce H3sPO, 


No. 126 
¢ H2O2 





No. 133 
c NHs 


No. 150 
¢ AlOs 


No. 155 
¢ HC1O.4 








LITHIUM 


Li 
Lithium dissolves in hydrochloric acid with a strong 
evolution of gas. 
2Li + 2HCI = 2(LiCl) + (He) 
R. Bunsen, Ann., 94, 110 (1855) 


When a mixture of lithium metal and silicon is heated 
in vacuo small, lustrous, deep-blue crystals of lithium 
silicide are formed. 

6Li + 2Si = LisSie 
H. Morssan, Compt. rend., 184, 1083 (1902) 


LiC2H302 
A solution of phosphoric acid added to a solution of 
lithium acetate precipitates trilithium phosphate. 
8LiC2H302 + H3sPO4 = LisPO, + (3HC2H302) 
J. J. Berzevius, Pogg. Ann., 4, 245 (1825) 


LiBO2-8H20 
A lithium metaborate solution is treated with an excess 
of hydrogen peroxide at 0°. When absolute alcohol is 
added and the solution is evaporated in vacuo at 40°, a 
white, amorphous powder of lithium perborate is formed. 
2LiBO:-8H20 + H2O2 = Li2B.Os + (17H20) 
R. B. Lowy, Bull. Soc. Chim. Roumania, 6, 81 (1923) 


LiBr 
Dry lithium bromide combines with gaseous ammonia 
to form solid, highly deliquescent ammoniates. 
LiBr + XNH; = LiBr-NH; (95°), LiBr-2NH;3 (87-95°), 
LiBr-3NH3 (71.5-87°), LiBr-4NHs3 (18°) 
J. Bonneror, Compt. rend., 130, 1394 (1900) 


LizCOs 
Fuse a mixture of lithium carbonate and alumina at 900°, 
then at 1200°. Microscopic plates of lithium meta- 
aluminate are formed. 
LizCO3 + AkOz; = 2LiAlO2 + (COz) 
F. M. JAEGER AND A. SIMEK, Proc. K. Akad. Wetensch., 
Amsterdam, 17, 239 (1914) 


Dissolve lithium carbonate in perchloric acid, and 
hydrated lithium perchlorate separates in either short 
prisms or thin needles. 

LixCO3 + 2HC1O4 + 5H20 = 2LiC10.-3H:0 + (CO) 


A. Potiiitzen, J. Russ. Chem. Soc., 20, 541 (1888) 
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LiCl 

No. 162 Add together with constant stirring solutions of am- 
ce (NH4)2F2 monium fluoride and lithium chloride at the boiling tem- 

perature. Coarsely crystalline lithium fluoride is pre- 

cipitated. 

2LiCl + (NHa)2F2 = LisF2 + (2NHiCl) 
T. W. RicHarps AND H. H. Witvarp, J. Am. Chem. Soc., 
32, 5 (1910) 


No. 178 Lithium salts are precipitated by sodium acid-ortho- 
¢ NasHPO. phosphate as the normal lithium phosphate. The addition 
of alkali renders the precipitation complete. 
38LiCl + NasHPO, = Li;sPO, + 2NaCl + HCl 
A. QuARTAROLI, Gazz. chim. ital., 37, 598 (1907) 


Lil -3H20 


Treat lithium iodide crystals with Ch, obtaining an 
orange colored solid of trihydrated lithium chloroiodide (a). 
Tetrahydrated crystals have also been obtained (b). 

Lil -3H20 + 2Ck = LilCh-3H20 
(a) W.N. Rag, J. Chem. Soc., 118, 880 (1918) 
(b) WELLS AND WHEELER, Am. J. Sci., 44, 42 (1892) 
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LizO 

Pass a stream of chlorine dioxide and CO: into a sus- 
pension of lithium oxide in water. Extract with ethyl 
alcohol, wash with excess of ether, and lithium chlorite is 
obtained. 

2LizO + 4C1O2 = 4LiC1O2 + (Or) 

G. Bruni AnpD G. Levi, Aiti. est. Veneto Sci. let. arti, 74, 
1711 


LieSOx 
Lithium sulfate and potassium antimonate undergo 
double decomposition to form hexagonal plates of lithium 
meta antimonate. 
LizSOs + 2KSbO3 + 2H2O = 2LiSbO3s-H20 + (K2SOu) 
F. BEILSTEIN AND O. VON BLASE, Melanges phys. chim. de 
Bull. Petersb., 18, 1-20 





LiNK2-2NHs 
No. 437 “Dipotassium ammonolithiate’’ is energetically attacked 
c H:0 by H:O, giving as hydrolytic products lithium and potas- 
sium hydroxides and ammonia. 
LiNK2-2NHs + 3H:0 = LiOH + 2KOH + 3N 3 
E. C. FRANKLIN, J. Phys. Chem., 23, 36 (1919) 





The author, in compiling nearly 3000 references of chemical reactions, was as- 
sisted by the Misses Kathryn Huffman and Mary Barnett and by Carl Armour. 





CONSTRUCTION OF DENSITY STANDARDS 


EUGENE W. BLANK 


241 N. Ninth Street, Allentown, Pennsylvania 


THE use of a set of indicators for determining the 
density of liquid or solid unknowns is common labora- 
tory practice. Glass cubes in sets of increasing density 
are available but offer the disadvantage of relative 
expensiveness. 

A set of indicators is readily constructed. Take a 
short length of 1-cm. diameter glass tubing and draw 
out in the Bunsen flame as in the preparation of 
melting-point tubes. Examine the drawn-out tubing 
carefully and select a section that is uniform in diam- 
_eter. Cut into short pieces of exactly 11/2 cm. 
length and seal one end. Weigh one tube to obtain 
the approximate weight of the whole set of tubes. 
Roll and insert a square of lead foil in the tube. Seal 
and re-weigh to determine the weight of lead added. 
These weights are most readily obtained on the micro- 
balance. 

Place this indicator in a test-tube and add 10 to 15 
cc. CHeIz. Add several standards such as quartz and 
fluorite and other materials of known density. Ac- 
cording to Merwin! the two minerals, quartz and 
fluorite, in clear, colorless varieties appear to have a 
density constant to +0.001. The density of quartz 
is 2.64957°° and of fluorite 3.180?°°C.. 

Add C.He drop by drop from a buret while stirring 
the contents of the tube with a thermometer. Warm 
or cool the test-tube until the thermometer indicates 


1 Merwiy, H. E., “Quartz and fluorite as standards of density 
and refractive index,” J. Wash. Acad. Sci., 1, 59 (1911). 


20°C. Read the buret at the points where the stand- 
ards and the constructed float remain exactly sus- 
pended. Plot the buret readings against the known 
densities of the standards. The density of the con- 
structed float is ascertained by noting the point at 
which its buret reading cuts the resultant curve. 
Other liquids may be used but CH2I2 can be recovered 
by cooling to 5°C.? 

Knowing the density of the constructed float and 
the weight of lead it contains, it is a relatively simple 
matter to calculate what weights of lead should be 
added to the remaining floats to cover the desired 
density range. The density will range from con- 
siderably less than 1.0 in the case’ of an empty tube 
to somewhat less than the density of lead, 11.37°°C, 
in the case of a completely filled tube. Since the CHol2 
has a density of approximately 3.33 the final set of 
indicators will range in density from less than 1 to 
approximately 3.33. 

The remaining indicators should be calibrated in a 
manner similar to the first one and at the same tem- 
perature. After the indicators have been calibrated 
they may be used as standards in subsequent deter- 
minations. 

These indicators are neat in appearance, simple to 
construct and calibrate, readily cleaned after a deter- 
mination, and are resistant to all common liquids. 


2 GraHAM, R. P. D., ‘Determination of specific gravity of 
mineral fragments by heavy liquids,’ Trans. Roy. Soc. Canada, 
11, III, 51 (1917). 
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NON-CHEMICAL PUBLICATIONS 
IMPORTANT i CHEMISTRY 


M. G. MELLON 


Purdue University, Lafayette, Indiana 


MONG those engaged in the practice of chemistry 
and chemical technology there is rather general 
recognition of the value of the great fund of in- 

formation contained in the chemical literature. Al- 
though the contributions to be found in chemical periodi- 
cals, institutional publications, patents, and treatises 
and other books are both fundamental and numerous, 
these sources are still not sufficient to meet all the tech- 
nical needs of chemists and chemical engineers. For 
example, the graduate in chemistry may be confronted 
with a problem in applied physics (electricity or optics) 
or in chemical engineering, while the chemical engineer 
may well encounter problems requiring information in 
fields other than his own, even though he has not pur- 
sued one of the specialized curricula so popular at 
present. Such varied problems may require diverse 
kinds of knowledge. 

Some individuals in these situations may depend upon 
trained searchers in the larger industrial and technical 
libraries, or the consultant may well turn to a fellow 
consultant in another field. Many do not find them- 
selves so fortunately situated and so must rely more or 
less upon their own ingenuity to find what is needed. 

Communications with various individuals indicate 
these border-line problems frequently involve some di- 
vision of physics or civil, electrical, and mechanical 
engineering. The purpose of the present paper, there- 
fore, is to present a brief outline of certain sources in 
these fields. In most cases the separate publications 
included are the selections of individuals working in the 
respective fields. In general, sources in foreign lan- 
guages were disregarded when suitable ones were avail- 
able in English, as one in a more or less unfamiliar field 
may be expected to use first those in his own language. 

The nature of the subjects selected is such that they 
seem to fit satisfactorily into the classification used 
previously’ ? for the general field of chemical literature. 
In accordance with this scheme there are indicated in 
the outline below what seem to be for the chemist some 
of the more important sources of information in physics 
and certain phases of engineering. 


ORIGINAL SOURCES 
1. Periodicals 


Civil Engineering: Civil Engineering, Engineering, 
Engineering News-Record, Journal of the American 


1 MELLON, M. G., Chem. Met. Eng., 33, 97 (1926). 
2 MELLON, M. G., “Chemical publications,’?’ McGraw-Hill 
Book Co., Inc., New York City, 1928. 


Water Works Association, Municipal Engineering, 
Transactions of the American Society of Civil Engi- 
neers. 

Electrical Engineering: Bulletin of the National 
Electric Light Association, Electrical Journal, Elec- 
trical Review, Electrical World, General Electric 
Review, Journal of the American Institute of Elec- 
trical Engineers. 

Mechanical Engineering: Aerial Age, Bulletin of the 
Society of Industrial Engineering, Heating and Ven- 
tilating Magazine, Journal of the American Society 
of Heating and Ventilating Engineers, Journal of 
the American Society of Mechanical Engineers, 
Journal of the American Society of Automotive Engi- 
neers, Mechanical Engineering, Metal Worker, 
National Engineer, Railway Age, Refrigeration. 
Mining Engineering: Engineering-Mining Jour- 
nal, Mineral Industry, Transactions of the Ameri- 
can Institute of Mining and Metallurgical Engineers. 


Physics: Annales de Physique, Annalen der Physik, 
Journal de Physique, Physics, Physical Review, Pro- 
ceedings of the Physical Society, Physikalische Zeit- 
schrift, Zeitschrift fir Physik. 


2. Institutional Publications. Certain governmental 
bulletins cover technical research along scientific lines 
which are applicable to various fields of engineering. 
Valuable contributions come from the United States 
Bureaus of Mines and Standards and from various state 
engineering experiment stations. Lists of such publica- 
tions may be secured from the directors of these labora- 
tories. 

3. Patents. The general nature pf the information to 
be found in patents is the same for the fields considered 
here as for chemistry and chemical technology. There 
appears to be no place, such as Chemical Abstracts, 
where it is gathered together for ready reference. The 
Official Gazette of the U. S. Patent Office, with its several 
indexes, is probably the best summarized source for 
domestic patents. Some periodicals carry notices or 
brief digests of some of the more significant patents. 
4. Miscellaneous Publications. Manufacturer’s tech- 
nical bulletins, circulars, and pamphlets deal with prob- 
lems of the users of apparatus, describe new machinery 
and appliances, and discuss the technical problems of 
the manufacture, testing, and application of equipment 
and related items. These are procurable from the 
manufacturers. Few doctoral dissertations are en- 
countered except in physics. 
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SECONDARY SOURCES 


1. Periodicals* 

A. Abstracting Journals. The following sources 
are valuable: Science Abstracts, with one sec- 
tion devoted to physics and the other to elec- 
trical engineering; the Engineering Index Ser- 
vice, consisting of references and brief annota- 
tions on 3 X 5 cards classified under more than 
200 divisions of engineering and technology; 
and a number of specialized periodicals (origi- 
nal sources) containing sections devoted to 
abstracts. 

Index Serials. Many publications and their 

titles may be located by referring to one or 

more of the following compilations: 

a. “International Catalogue of Scientific 
Literature’ (1800+). Sections are avail- 
able on mechanics, mathematics, and 
physics (in addition to chemistry), with 
author and subject indexes. 

. “Engineering Index and Industrial Manage- 
ment’’ (1890 +). References are included 
of a technical, industrial, and commercial 
nature, including material dealing with 
costs, finance, and management of industrial 
concerns. 

“Industrial Arts Index”’ (1913 +). This is 
an index of technical articles, including new 
apparatus and machinery. 

. “Repertorium der Technischen Journal- 
literatur’” (1823 +). From the stand- 
point of time covered, this is an important 
foreign indexing serial. 

“Technical Supplement to the Daily Review 
of the Foreign Press.’”’ Notices are in- 
cluded for certain material appearing in 
foreign journals on civil, electrical, and me- 
chanical engineering. ' 
2. Bibliographies. Bibliographies in these fields are 
widely scattered, appearing most often in connection 
with some other publication. They do not differ in 
nature from those in chemistry. No general reference 
source for them is available. Darrow’s “‘Classified List 
of Published Bibliographies in Physics,’’ covering the 
years 1910-22, is an example of a comprehensive effort 
in this direction. 


3. General Works of Reference and Textbooks 


A. Reference Works 
a. Tabular compilations. For the chemist 

this type of publication is probably as im- 

portant as any mentioned in the present 

list. Some of those more or less commonly 
used are given below. 

Civil Engineering: Blanchard, “American 
Highway Engineers’ Handbook’'; Hool, 
“Concrete Engineers’ Handbook’”’; Hool 
and Johnson, “Handbook of Building 


3 Eason, Electrician, 82, 326 (1919). 
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Construction’; Ketchum, “Structural En- 
gineers’ Handbook’”’; Kidder, ‘Archi- 
tects’ and Builders’ Handbook’; Merri- 
man, ‘‘American Civil Engineers’ Hand- 
book’; Trautwine, ‘‘Civil Engineer’s 
Pocketbook.” 

Electrical Engineering: Croft, ‘“American 
Handbook for Engineers and Electri- 
cians’; Cushing, ‘Standard Wiring’’; 
Fowle, ‘‘Standard Handbook for Elec- 
trical Engineers’; Gillette and Dana, 
‘Mechanical and Electrical Cost Data’’; 
Pender, ‘‘Handbook for Electrical Engi- 
neers”; Sanderson, ‘Electric System 
Handbook’; Wedmore and Onslow, 
“Electrical Engineers’ Data Books.” 

Mechanical Engineering: Colvin and 
Stanley, ‘‘American Machinists’ Hand- 
book’’; Hoffman, ‘‘Handbook for Heat- 
ing and Ventilating Engineers’; Kent, 
“Mechanical Engineers’ Handbook’’; 
Marks, ‘‘Mechanical Engineer’s Hand- 
book”; “S.A.E. Handbook’; Siebel, 
“Compend of Mechanical Refrigeration’ ; 
Tulley, ‘‘Engineer’s Handbook”’; Walker 
and Crocker, ‘‘Machinery’s Handbook’”’ 
and “Piping Handbook’; Willard and 
Harding, ‘Heating and Ventilating”’ 
and ‘‘Power Plants and Refrigeration.” 

Mining Engineering: Peele, “Mining En- 
gineers’ Handbook”; Taggart, “‘Hand- 
book of Ore Dressing.”’ 

General: Battle, “Industrial Oil Engineer- 
ing’; Donald, “Handbook of Business 
Administration”; Gillette, ‘‘Handbook 
of Construction Cost” and ‘‘Handbook of 
Cost Data for Contractors and Engi- 
neers’; Hudson, ‘The Engineer’s Man- 
ual’; O’Rourke, “General Engineering 
Handbook’’; Washburn, e al., ‘‘Inter- 
national Critical Tables.”’ 


b. Treatises 


Civil Engineering: ‘Cyclopedia of Civil 
Engineering.’ (9 v.) 

Electrical Engineering: ‘‘Cyclopedia of 
Applied Electricity.”’ (8 v.) 

Mechanical Engineering: ‘‘Henley’s En- 
cyclopedia of Practical Engineering.”’ 
(5 v.) 

Physics: Geiger and Scheel, ‘‘Handbuch 
der Physik’ (24 v.); Glazebrook, ‘‘Dic- 
tionary of Applied Physics’ (5 v.); Wien- 
Harms, “Handbuch der Experimental- 
physik”’ (25 v.). 

General: ‘‘Cyclopedia of Engineering” (7 
v.); Industrial Press, ‘‘Encyclopedia of 
Engineering” (1 v.); Lueger, ‘Lexikon 
der Gesamte Technik’”’ (7 v.); Industrial 
Press, ‘“‘Machinery’s Encyclopedia’ 
7 wi. 
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B. Monographs. When competently written, 
monographs are likely to be the most reliable 
of the reference works whose data are affected 
by the time-lag so frequently encountered in 
the literature of a rapidly changing field.* As 
far as the writer is aware, no general list of 
monographs is available for the fields con- 
sidered here. 

C. Textbooks. Many textbooks are procurable 
covering various phases of engineering and 
physics. Much of the information contained 
therein is undoubtedly reliable for use by the 
chemist. However, it seems quite probable 

4 MELLON, J. CHEM. Epuc., 10, 284 (1933). 
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that he should maintain toward them the same 
degree of skepticism that is necessary in using 
textbooks on chemistry.” 

For both textbooks and monographs in engi- 
gineering and physics suggestions may be ob- 
tained from the shelf lists of scientific and tech- 
nical libraries and from the catalogs obtainable 
from the publishers? of such books. In the 
engineering fields one should not forget the 
possibility of taking advantage of the excellent 
facilities of the Engineering Societies Library 
(29 W. 39th Street, New York City), either to 
use the library or to inquire about engineering 
publications. 














THE conventional scheme of qualitative analysis 
provides for the determination of silver, lead, and 
mercurous ions in Group 1 in the form of their chlorides. 
The modification presented in this paper eliminates 
some difficulties and affords the advantage of a 
shortened procedure. 

The sample for cation analysis is prepared for pre- 
cipitation in the usual manner after which the copper 
and tin groups are precipitated by means of HS. 
The resulting precipitate which may consist of sulfides 
of silver, lead, bismuth, copper, cadmium, mercury, 
arsenic, antimony, and tin, is then treated with ‘‘sodium 
sulfide reagent,’ as recommended by A. A. Noyes,! 
to effect the separation of the copper and tin groups. 
By this treatment any mercurous sulfide is oxidized 
forming NazHgSe which makes its detection possible 
in the tin group. Silver and lead are left in the residue 
from the sodium sulfide treatment along with other 
members of the copper group. 

After the copper group precipitate is washed with 
approximately normal NaNO; solution, which serves 
primarily to prevent colloidal suspension of sulfides, 





1 Noyes, A. A., ‘‘Qualitative chemical analysis,” 9th ed., 
The Macmillan Co., New York City, 1932, p. 71. ‘ 
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it is dissolved in boiling dilute HNO;. To the hot 
solution, which has been diluted to about 50 cc., dilute 
HCI is added to precipitate the silver, which if present 
is filtered and confirmed. The filtrate from the silver 
separation is then analyzed for the remaining members 
of the copper group in the usual manner. 

To summarize, it is to be observed that all the lead 
is removed in one precipitation making it possible for 
the student better to estimate the quantity present. 
This point is also true in conne¢tion with mercury. 
In many instances mercurous mercury may be par- 
tially oxidized while with the ordinary scheme mercury 
would be divided between the silver and copper-tin 
groups. Further, the separation of silver and mercury 
by means of the sodium sulfide procedure overcomes 
the difficulty o° the precipitation of metallic silver in 
the presence of large quantities of mercury. 

The possible disadvantage of not determining the 
presence of mercurous ion is not serious for in case it 
is desirable to determine the valence a special procedure 
may be used.” 

The author has used this procedure for the past 
three years and has found it highly satisfactory. 





2 Loc. ctt., p. 181. 
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Phosgene was first prepared by John Davy in 1812 by 
mixing equal volumes of carbon monoxide and chlorine, 
and exposing to bright sunlight. It has also been prepared 
by the oxidation of chlorinated hydrocarbons with chromic 
acid; the interaction of sulfur trioxide with chlorinated 
hydrocarbons; the combination of carbon monoxide and 
chlorine in the presence of a solid catalyst. 

Due to its rapid hydrolysis in the presence of moisture 


HISTORY AND PREPARATION 


URING the years 1800-12 several investigators, 
including Gay-Lussac and Thenard (1) and 
Murray (2), published statements to the effect 

that carbon monoxide and chlorine were mutually 
inactive, but in 1812 John Davy (3) more carefully 
investigated their interaction. He mixed equal volumes 
of the two gases which had been dried over calcium 
chloride, in a vessel over mercury; in the dark there 
was no result but after exposure for about a quarter 
of an hour to bright sunlight the color of the chlorine 
had entirely disappeared. The gases contracted to 
half their former volume and the remaining gas con- 
tained neither hydrogen chloride nor carbon dioxide. 
He found that it was absolutely necessary that the 
constituents should be dried, otherwise ‘‘it will contain 
a considerable admixture of the carbonic and muriatic 
acid gases, which are produced in consequence of the 
decomposition of hygrometrical water.’”’ Davy named 
this new gas phosgene from two Greek words—d¢ws 
meaning “‘light’’ and -yevns ‘“‘to produce’’—which signi- 
fies, formed by light. It is also known as “carbonyl 
chloride” and ‘‘carbon oxychloride.” 

The principal methods for the preparation of phos- 
gene resolve themselves into the following chief groups: 


1. The photochemical combination of carbon monoxide 
and chlorine. 

2. The oxidation of chlorinated hydrocarbons with 
chromic acid. 

3. The interaction of sulfur trioxide or oleum with 
chlorinated hydrocarbons. 

4. The combination of carbon monoxide and chlorine 
in the presence of a solid catalyst. 


The photochemical combination of carbon monoxide 
and chlorine has been the subject of several detailed 
investigations. Chapman and Gee (4) experimented 
on the action of light on mixtures of equal quantities 
of pure carbon monoxide and chlorine passing through 





* Published with the permission of the Chief of the Chemical 
Warfare Service. 
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it cannot be successfully used in chemical warfare in 
misty or rainy weather. Iron and Steel objects are 
quickly attacked and its toxicity is a consequence of its 
hydrolysis. Phosgene was prepared in the United States 
by passing chlorine and carbon monoxide over a carbon 
catalyst. Maximum production was attained shortly 
after the signing of the Armistice when fifty-five tons was 
produced per day. 





glass tubes packed with glass wool (glass acting as a 
weak catalyst). Wilm and Wischin (5) introduced the 
constituent gases, employing a slight excess of chlorine, 
into a 10-liter flask and then into a second smaller one, 
both being exposed to sunlight. 

Emmerling and Lengyel (6) describe the oxidation 
of chloroform by means of a mixture of potassium 
dichromate and concentrated sulfuric acid. They 
assumed the reaction to be: 


2CHCI1; + 30 ——-> 2COCI, + H.0 + Cl 


but Erdmann (7) showed and Grignard and Urbain (8) 
later confirmed that the reaction actually takes place 
as follows: 


2CHCl; + CrO; + 20 —»> 2COChk + CrOCl:, + HO 


Schiitzenberger (9) prepared phosgene by warming 
a mixture of carbon tetrachloride and sulfur trioxide; 
Dewar and Cranston (10) by heating a mixture of 
chlorosulfuric acid and chloroform; Armstrong (11) 
by the action of sulfur trioxide on a number of com- 
pounds—chloroform, carbon disulfide, phosphorus 
pentachloride, hexachlorobenzene, etc. 

Schiitzenberger (12) prepared phosgene by passing 
carbon monoxide and chlorine through a tube contain- 
ing spongy platinum heated to 350° and Paterné (13) 
by passing the constituent gases over animal charcoal. 
Atkinson, Heycock, and Pope (14) found that the 
activated wood charcoal used in the British box 
respirator proved more effective as a catalyst than the 
activated bone charcoal prepared by the latter. 

Among other reactions of less importance that give 
rise to the formation of phosgene the following are 
cited: heating of carbon tetrachloride with zinc oxide 
(15), action of concentrated hydrochloric and nitric 
acids on carbon disulfide (16), decomposition of bis- 
trichloromethyl1 oxalate (17), dry distillation of sodium 
trichloroacetate (18), passage of carbon monoxide and 
chlorine into a saturated solution of aluminum chloride 
in chloroform (19), heating of a mixture of phosphate 
rock and common salt in an atmosphere of carbon 
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dioxide (20), decomposition of chloropicrin at its 
boiling point (21), autoxidation of trichloroethylene 
(22), passage of carbon monoxide through antimony 
pentachloride (23), passing carbon monoxide over 
glowing silver chloride (24), heating sodium with 
phosphorus pentachloride (25), the action of carbon 
monoxide on platinic chloride (26), heating of tri- 
chloromethyl formate (27), heating of coke, quicklime, 
and chlorine in an electric furnace (28), passage of 
carbon oxysulfide and chlorine through a red-hot 
porcelain tube (29). 


PHYSICAL PROPERTIES 


At low temperatures, phosgene is a clear, colorless 
liquid boiling at 8.2°/756 mm. (30); hence, in warm 
weather it assumes the form of a vapor, unless under 
pressure. It does not freeze until the temperature of 
—118°C. (31) is reached, so that under all ordinary 
conditions it exists in liquid or gaseous form. In the 
vapor phase phosgene is a colorless gas. The liquid 
is heavier than water, having a specific gravity of 
1.432 at 0°/4° (6). 

The specific heat of phosgene is 0.243 calorie per 
gram (32) which is less than one-fourth that of water. 
The molecular weight of phosgene is 98.92; thus one 
liter of the vapor under standard conditions weighs 
4.41 grams, the vapor density compared with air is 
3.416 (which is 1.4 times that of chlorine). It therefore 
“hugs the ground” more tenaciously than chlorine and 
fills such places as ravines, trenches, dug-outs, etc. 
Its vapor pressure ranges from zero at —183° (b.p. 
liquid oxygen) to 752 mm. at 8.2° (reported b.p. 
phosgene). The higher the vapor pressure of a gas, 
the higher is the concentration of that gas that may be 
contained in a given amount of air. The molecular 
heat of evaporation between 0° and 8° is calculated 
as approximately 5500 calories (14). The heat of 
vaporization of phosgene is approximately 56 calories 
per gram, while that of water is 537 calories per gram. 
Thus nearly ten times as much heat is required to 
vaporize a given quantity of water as is required to 
vaporize an equal quantity of phosgene. With its 
high vapor pressure, low specific heat, and low heat of 
vaporization it is no wonder that phosgene is “‘non- 
persistent.” 

Phosgene in the liquid state readily dissolves a 
number of substances which are otherwise difficult 
to get into solution, and, for this reason, is a suitable 
liquid for the determination of molecular weights by 
boiling-point alteration. The molecular elevation 
constant was found to be 29 by Beckmann and Junker 
(30). 

CHEMICAL PROPERTIES 


At ordinary temperatures, and in the absence of 
moisture, phosgene is a fairly stable compound; at 
503° it dissociates to the extent of 67%; at 553°, 80%; 
at 603°, 91%; and at 800°, 100% (33). Ib rapidly 
hydrolyzes in the presence of even atmospheric mois- 
ture, especially at somewhat elevated temperatures. 
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Phosgene therefore attacks iron and steel objects and is 
useful as a destructive agent. It is apparent that 
phosgene has no military utility in misty or rainy 
weather. 

Phosgene reacts with a number of metallic elements, 
especially on heating, to give the chloride of the metal 
and carbon monoxide. Many of the more reactive 
elements—potassium, sodium, etc.—react at ordinary 
temperatures but the less active only upon warming 
(34). It has also been found that phosgene is capable 
of exciting the emission of surface electrons from sodium 
and potassium (35). 

With aluminum halides phosgene forms complexes 
(36); with metallic oxides the pure anhydrous chlorides 
are formed (37); sulfides are very reactive with phos- 
gene giving the chloride of the metal and carbon oxy- 
sulfide (38). 

Davy (3) noted that phosgene reacts with ammonia 
and since then numerous products of side reactions 
have been studied by many investigators. The pri- 
mary amines react with phosgene violently with the 
liberation of much heat, the products depending, to a 
great extent, on the conditions of the experiment. 
By passing the vapor of phosgene through a solution 
of the amine in an inert solvent, urea is almost always 
formed. With secondary amines the formation of 
carbamyl chloride generally takes place, while with 
aliphatic tertiary amines there is no action. With 
aromatic tertiary amines there is only slight activity 
except in the presence of anhydrous aluminum chloride, 
when the Friedel-Craft reaction takes place with the 
formation of a considerable amount of acid chloride 
or ketone. 

Phosgene reacts with phenol in two different ways, 
depending upon the relative amounts of the two re- 
acting substances. With one molecule of phenol to 
one of phosgene, phenyl chloroformate is formed; 
with two molecules of phenol to one of phosgene, phenyl 
carbonate is formed. For this reason phenol in the 
form of its sodium salt was first used by the Allies in 
their early masks for the absorption of phosgene. 
Hexamethylenetetramine (urotropin) was used for the 
same purpose and proved more effective. 

Numerous reactions between phosgene and other 
organic compounds have been studied; and this re- 
agent is employed in the manufacture of organic 
dyestuffs, and some pharmaceutical products. 


DETECTION 


Phosgene is easily detected qualitatively by aspirat- 
ing the gas suspected of containing it through a satu- 
rated aqueous solution of aniline. After two hours’ 
standing the diphenylurea is filtered off and identified 
by its melting point (39). If the precipitate is washed 
with water and dried at 70° the weight gives a com- 
paratively accurate idea of the amount of phosgene 
present. A variation of this method for quantitative 
estimation, which gives more accurate results, consists 
in treating the precipitate of s-diphenylurea by the 
Kjeldahl process, estimating the amount of ammonia 
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formed colorimetrically by means of Nessler’s solution 
(40). A more sensitive qualitative test is that with 
p-phenetidine (41). The phosgene-suspected material 
is dissolved in benzene and to the solution is added one 
drop of p-phenetidine; a turbidity due to the presence 
of s-di-(4-ethoxyphenyl)urea indicates the presence of 
phosgene. 

The best method of estimating phosgene in a mixture 
of gases is by absorption (42). Atmospheric moisture 
decomposes phosgene comparatively slowly, and acid 
solutions retard absorption. The method which has 
been found best is to pass a known volume of the gas 
(2 to 3 liters) in 8 to 10 hours through 10 cc. of 10 NV 
sodium hydroxide solution dissolved in 50 cc. 95% 
alcohol. After the passage of the gas the solution is 
evaporated on the water bath and the sodium chloride 
formed estimated in the usual way. The accuracy of 
the method depends on the absence of hydrogen 
chloride or chlorine in the gas, if the phosgene is 
contaminated with these gases the analysis is corre- 
spondingly more difficult. 


PHYSIOLOGICAL PROPERTIES 


Phosgene has an odor ‘“‘more suffocating than that 
of chlorine and it occasions a very painful sensation in 
the eyes” (3). The odor has been described as that of 
musty hay, green apples, or green corn. There is also a 
more or less distinct odor of hydrochloric acid, as well 
as a sour taste, due to hydrolysis. 

The toxic action of phosgene results from its hy- 
drolysis: 

COCI, -+- HO —> 2HCI + CO, 


Phosgene passes over the trachea and bronchi and 
destroys the epithelium of the smaller bronchia and 
bronchioles, and especially the alveoli, the walls of 
which are everywhere damaged. The toxic action of 
phosgene is slower than that of chlorine, probably 
because, to produce its effects, it must undergo chemical 
change; this fact has earned for phosgene the name of 
having a delayed action. 

Since as little as 1 mg. per liter may be lethal if the 
exposure lasts more than a few minutes, and is quite 
capable of producing casualties, it can readily be seen 
that even in cold weather and a slight wind, effective 
military concentrations of phosgene may be secured as a 
result of the great toxicity and the wide margin be- 
tween the theoretical possible concentration and the 
lethal dose. It is the most effective of the pulmonary 
irritants for it has been found that for a 30-minute 
exposure 3 mg. per liter of chlorine, 0.8 mg. of chloro- 
picrin, and 0.36 mg. of phosgene are approximately 
equivalent (43). Were it not for the fact that the 
mask affords complete protection no army could stand 
against it. To the end of the war its use continued to 
produce casualties when gas discipline was relaxed. 

From an extensive investigation of the acute effects 
of gassing, it is quite evident that the detrimental 
influence of phosgene is confined to the respiratory 
tract and that all other effects must be regarded as 
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secondary, since it has been impossible to detect the 
absorption of phosgene into the blood stream. Ex- 
posure to it results in a variety of changes in the 
organism, in addition to the development of pulmonary 
edema. Thus, gassing has a definite influence on the 
respiration, heart beat, temperature, concentration 
of the blood, the water content of the lungs and other 
tissues, the chloride content of the blood and tissues 
(with resulting changes in chloride excretion by way 
of the kidneys), the number of red and white cells of 
the blood and the respiratory function of the blood, 
leading to dyspnea and partial asphyxia. Acidosis is 
present at times, and there is a distinct influence on 
protein metabolism. 

The picture presented by phosgene shows that acute 
gas poisoning may be divided into three stages (44). 
In the first stage, which lasts from five to eight hours, 
there is usually a very significant dilution of the blood; 
during this period pulmonary edema develops. In the 
first part of this period the temperature may fall 
markedly; in the latter part of the period there is a 
greatly accelerated pulse, accompanied by a rise in 
temperature considerably above the normal. The 
second stage, which reaches its maximum between 
five and twenty-four hours, is characterized by a very 
marked concentration of the blood. In this period 
the temperature may be well maintained, or there may 
be a distinct drop below normal. If the temperature is 
well maintained, the condition of the individual is 
considered good; on the other hand, if the temperature 
suddenly falls, the outcome is usually fatal. The third 
stage is characterized by a readjustment to normal 
conditions with respect to both concentration of the 
blood and temperature. 

It is usually assumed that pulmonary edema is the 
cause of death in gas poisoning. While it is true that 
pulmonary edema and changes in blood concentration 
are intimately related in gas poisoning, the direct 
cause of death is the extreme concentration of the blood 
rather than the presence of the fluid in the lungs. 
Death is caused by something more than simple 
inability of the blood to absorb oxygen, by something 
more than a physical obstacle in the lungs. It is quite 
logical, therefore, to assume that blood concentration 
is immediately responsible for death. Blood concentra- 
tion means a failing circulation, an inefficient oxygen 
carrier, oxygen starvation of the tissues, fall of tempera- 
ture, and, finally, suspension of vital activities. 


TREATMENT 


If, in spite of intensive treatment in the first stage, 
the blood becomes markedly concentrated, and a 
notable fall in temperature takes place, the condition 
must be considered very serious, and if the patient is 
left untreated, he will surely die. At this point infusion 
of a solution is carried out. The essential treatment, 
in this stage, is to diminish, if possible, the degree of 
blood concentration, and it has been found by experi- 
ence that it matters little how this is done. Thus, the 
purpose may be accomplished by the infusion of salt 
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solution, by oral administration of water, or even by 
intraperitoneal injection of salt solution. Probably 
one-half of the patients in a serious condition in this 
stage of blood concentration may be saved by one of 
these procedures. 

Since edema and a highly concentrated blood lead to 
deficiency of oxygen in the tissues, the problem of the 
relation of oxygen to the treatment of gas poisoning is 
presented. Oxygen treatment alone in gas poisoning 
does not save life. This follows from the fact that 
oxygen administration does not change the concentra- 
tion of the blood, which is the direct cause of death. 
When, however, the concentration of the blood is 
restored to a more‘ nearly normal condition, the addi- 
tion of oxygen administration to the treatment is of 
obvious benefit, since under these circumstances the 
blood regains its normal respiratory functions. 


MANUFACTURE 


In Germany and the United States the war-time 
production of phosgene was based on the combination 
of carbon monoxide with chlorine, using carbon as a 
catalyst. In France and Italy the early war-time 


production was based on the action of sulfuric acid on 
carbon tetrachloride; later on they changed to the 
carbon monoxide-chlorine process (45). 

Phosgene, prior to the war, was manufactured in 
Germany in the works of the Bayer Company. The 
plant was capable of producing about thirty tons per 


month. The method employed does not appear to be an 
economical one; the carbon monoxide was prepared 
by passing carbon dioxide over wood charcoal contained 
in gas-filled muffles and the resulting carbon monoxide 
was washed with sodium hydroxide. The carbon 
monoxide and chlorine were bubbled through Woulff 
bottles and, at a short distance from the point of mixing, 
were passed downward through a layer of about 20 
cm. of prepared charcoal. By regulating the mixture 
so that there was a slight excess of carbon monoxide, 
the phosgene was obtained with 0.25% to 0.5% of 
chlorine. Stress was laid upon the method of purifying 
the carbon catalyst. Wood charcoal was treated with 
hydrochloric acid and other acids until perfectly free 
from soluble ash, the acid was washed out, and the 
charcoal dried in vacuum. The phosgene was liquefied 
by cooling with ice and salt (46). 

The method of manufacturing phosgene employed 
at Edgewood Arsenal was worked out in the laboratory 
of the Oldbury Electrochemical Company. Of the 
raw materials necessary for the manufacture of phos- 
gene, the chlorine was provided at first by purchase 
from private plants, but later through the Edgewood 
chlorine plant. After a sufficient supply of chlorine 
was assured the next question was how to obtain an 
adequate supply of carbon monoxide. Instructions 
from Europe were to the effect that the carbon mon- 
oxide could be best made by first producing oxygen 
from liquid air and using pure oxygen in a small 
water-cooled producer to make pure carbon monoxide. 
A method for this gas had not been developed on a 
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large scale because it had never been necessary to 
make any considerable quantity of it. The French and 
English passed oxygen through a gas producer filled 
with coke, the oxygen combining with the carbon, 
giving carbon monoxide. Obviously the great heat of 
reaction of oxygen and carbon must be carried away 
by the water rapidly enough to insure the life of the 
converter. Plant engineers conceived the idea of using 
a mixture of carbon dioxide and oxygen. The union of 
carbon dioxide with carbon to form carbon monoxide 
is a reaction in which heat is absorbed; therefore, by 
using the mixture of the two gases, the heat of the one 
reaction was absorbed by the other. In this way a 
constant temperature could be maintained, and the 
production of carbon monoxide was greatly increased. 
Carbon dioxide was prepared by the combustion of 
coke; the gas was washed and then absorbed in a 
solution of potassium carbonate; and subsequently 
freed by heating. 

The phosgene plant at Edgewood Arsenal included 
a carbon dioxide plant, having a daily capacity of 125,- 
000 cu. ft. of pure carbon dioxide and an oxygen plant 
with a capacity of 200,000 cu. ft. per day, which, in 
combination with four producers gave a daily pro- 
duction of 400,000 cu. ft. of carbon monoxide. Phos- 
gene was then prepared by passing the mixture of 
carbon monoxide and chlorine over a carbon catalyzer. 
In this reaction much heat is generated so it was 
necessary to cool to a definite temperature. The 
reaction is practically complete and the phosgene is 
liquefied by passing through condensing coils immersed 
in refrigerated brine. Phosgene was shipped overseas 
in large quantities in wrought-iron drums containing 
1700 pounds, as well as in standard-caliber gas shells, 
Stokes’ mortar bombs, and Liven’s projector bombs. 
The capacity of the Edgewood plant at the time it 
closed, shortly after the signing of the Armistice, 
was forty tons per twenty-four hours. Two additional 
units were nearing completion, which would have 
brought the total capacity to eighty tons per twenty- 
four hours. Phosgene was also manufactured in the 
government plant operated by the Oldbury Electro- 
chemical Company having a capacity of ten tons per 
day. The Bound Brook, New Jersey, plant of the 
Frank Hemingway, Inc., had a capacity of five tons 
per day; this was sent overseas mostly in bulk (47). 


USE IN THE FIELD 


Because of the high boiling point of phosgene it 
could not be used alone in gas cylinders even during 
the summer months, but when it was mixed with 
chlorine no difficulty was experienced. The percentage 
of phosgene in the mixture was sufficiently high to 
secure the many advantages which it possesses over 
chlorine; e. g., it is about eight times more toxic, much 
less reactive, and possesses the delayed effect. 

Very interesting light is thrown on the first phosgene 
cloud gas attack by Maj. Barley, D.S.O., Chemical 
Adviser to the British Second Army (48). It appears 
that in November, 1915, the French captured a prisoner 
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who had attended a gas school in one of the factories of 
the Interessen Gemeinschaft. Here lectures explained 
that a new gas was to be used against the British 
forces, many thousands of casualties were expected, 
and an attack would follow, which, correcting the 
errors of the first effort at Ypres, would lead to the 
capture of the Channel ports. Efforts were at once 
made to obtain information on gas preparation by the 
Germans in front of the British sectors. A sergeant- 
major was captured on the morning of December 16th, 
and he revealed the date and front on which the cyl- 
inders were installed. About 35,000 British troops 
were found to be in the direct line of the gas, but, 
owing to the timely warning and to the protection which 
had recently been adopted, very few casualties were 
experienced. The Germans had prepared a huge in- 
fantry attack, and used a new type of gas shell on this 
occasion. Massed German troops received huge casu- 
alties owing to the preparation of the British and the 
failure of the gas attack. 

During the summer of 1915 it became evident that 
phosgene-chlorine mixtures would be used in gas attacks 
and it was therefore necessary to provide protection 
against them. The hypo helmet, which offered no 
protection against phosgene, was soaked in an alkaline 
sodium phenolate solution containing glycerol, and this 
new form of impregnation created the P helmet. It 
protected against 300 parts of phosgene in a million 
of air. Since the impregnating solution attacked 
flannel, two layers of flannelette were used. The helmet 
was further improved by the addition of an expiratory 


(1) Gay-Lussac AND THENARD, Recherches-physico-chimique, 2, 
150 (1811). 
(2) Murray, Nicholson’s Journal, 30, 227 (1811). 
(3) Davy, Joun, Phil. Trans., 102, 144 (1812). 
(4) CHAPMAN AND GEE, J. Chem. Soc., 99, 1726-39 (1911). 
(5) WiLmM AND WIscuin, Ann., 147, 150 (1868). 
(6) EMMERLING AND LENGYEL, Ann. Suppl., 7, 101-7 (1869). 
(7) ErRpMANN, Ber., 26, 1990-4 (1893). 
(8) GRIGNARD AND URBAIN, Compt. rend., 169, 17-20 (1919). 
(9) ScHUTZENBERGER, tbid., 69, 352 (1869). 
(10) Dewar AND Cranston, Chem. News, 20, 174-5 (1869). 
(11) ArmstrRoNG, Ber., 3, 730 (1870). 
(12) ScHtTzENBERGER, Bull. soc. chim., [2] 10, 188 (1868). 
(13) PATERNO, Gazz. chim. ital., 8, 233 (1878). 
(14) ATKInson, Hrycock, AND Popg, J. Chem. Soc., 117, 1410- 
26 (1920). 
(15) ScHUTZENBERGER, Compt. rend., 66, 747 (1868). 
(16) BERZELIUS AND Marcet, Gilbert’s Ann., 48, 161 (1814). 
(17) Canours, Ann. chim. phys., [3] 19, 352 (1847). 
(18) Henry, Ber., 12, 1845 (1879). 
(19) Provnixov, J. Russ. Phys. Chem. Soc., 48, 457 (1916). 
(20) PLovnikov, Chem. News, 112, 267 (1915). 
(21) GARDNER AND Fox, J. Chem. Soc., 115, 1188 (1919). 
(22) Erpmann, J. prakt. Chem., [2] 85, 78 (1912). 
(23) Hormann, Ann., 70, 139 (1849). 
(24) GoBEL, J. prakt. Chem., [1] 6, 388 (1835). 
(25) Gustavson, Ber., 3, 990 (1870). 
(26) ScHUTZENBERGER, Ann. Suppl., 8, 242 (1870). 








LITERATURE CITED 





JouRNAL OF CHEMICAL EDUCATION 


valve, partly to prevent re-breathing exhaled air and 
partly to prevent the deterioration of the alkali of the 
mask by carbon dioxide. The protection was later 
further increased by the addition of hexamethylene- 
tetramine, and this mask was known as the PH helmet. 
This increased the protection more than threefold— 
to 1000 parts per million of air. 

In the American Expeditionary Force it was found 
(49) that gas was responsible for 70,552, or 31.4%, 
of all casualties entered in the hospitals. Nearly one- 
half of the gas casualties were caused by unknown 
gases; many of them by combinations of two or more 
gases, thus rendering it impossible to attribute the 
direct cause to a known gas. Phosgene was responsible 
for 6834 casualties and of them 66 died. The number of 
days lost by men in hospital from phosgene gassing 
was 311,040; the average number of days for each case 
was 45.5. 

It is not necessarily the primary purpose in war to 
kill but, on the contrary, to incapacitate for the time 
being, until the objective is gained. To hospitalize 
a man it has been estimated that six men are required 
for attendance, thereby reducing by just that many 
those who might otherwise bear arms. Mustard, 
“the king of the war gases,”’ was responsible for 27,711 
casualties, more than four times as many as phosgene, 
with 599 deaths (nearly ten times as many as phosgene 
accounted for), but with only 271,993 days lost as 
contrasted with 311,040 days lost due to phosgene. 
Thus, at least in some respects, it would appear that 
phosgene was more effective than mustard. 
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ANALOGIES in TEACHING 
FRESHMAN CHEMISTRY’ 


JOHN R. LEWIS 


University of Utah, Salt Lake City, Utah 


This paper points out the place of analogies in teaching 
freshman chemisiry. A number of analogies, used in 
the classroom and in textbooks, are given as illustrations. 
The objections to the use of analogies and the advantages 
which are derived from their use are discussed. The 
conclusion 1s that analogies should be used because: 
(1) many students, in freshman classes, are not properly 
prepared for the conventional presentation of the subject 
matter; and (2) since chemistry is a growing science, it 
1s advisable to use analogies until the more rigorous mathe- 
matical presentation can be absorbed by students. 
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students come to our freshmen chemistry classes 

with backgrounds such that instructors need 
not depend on the analogy to help ‘“‘put over” abstract 
ideas? There is general agreement among teachers 
that the average student learns new facts and grasps ab- 
stract conceptions more readily if they are presented to 
him in terms of his past experiences. The purpose of 
this paper is to point out the place of the analogy in 
teaching by this formula. 


A RE analogies useful in teaching chemistry? Do 


NATURE OF ANALOGIES 


In general, the word analogy implies a resemblance 
of relations; agreement or likeness between things in 
some circumstances or effects when the things are other- 
wise different. ‘“‘Resemblance and similarity are ex- 
ternal or superficial, and may involve no deeper rela- 
tion; as, the resemblance of a cloud to a distant moun- 
tain.”” On the other hand an analogy is ‘“‘a resem- 
blance that may be reasoned from, as that from the 
likeness in certain respects we may infer that other and 
perhaps deeper relations exist.” 

What is a chemical analogy? Wherein does it differ 
from chemical illustrations or comparisons? A chemi- 
cal analogy, strictly speaking, is one drawn from the 
subject matter of everyday experience to explain chemi- 
cal theories and problems. In this paper, however, 
the writer does not wish to confine himself strictly to 
those examples which can only be classed as analogies. 
It seems more desirable to include border-line cases 
which may be classed as comparisons or illustrations or 
as combinations of all three. 


‘ 
* Part of this paper was presented at the Salt Lake City meet- 
ing of the American Association for the Advancement of Science, 
Pacific Division, June, 1933. 


CLASSROOM ANALOGIES 


The analogies given under this heading have been 
selected from a collection made by the author and used 
in his classes. They are grouped under the topics 
in which they are used in the classroom. 


Structure of Matter 


The Dalton Atom.—The Dalton atomic theory states 
that elements are made up of small individual units 
called atoms. To account for certain properties of 
matter, such as the slight compressibility of liquids and 
solids, the atoms were likened to ‘‘small, hard lead shot”’ 
arranged in a compact manner which resist any force 
tending to bring them closer together. The expression 
“small, hard lead shot”’ is within the experience of most 
students and consequently they are able to visualize 
atoms. 

The Complex Atom.—The past few years have given 
us a preponderance of evidence in support of a complex 
atom. The old Dalton atomic picture has given way 
to the pictures of Lewis, Langmuir, Bohr, and the many 
other investigators who are working in this field. For 
students this new atom is likened to the solar system 
and is spoken of as “‘a miniature solar system.” Just 
as the earth revolves about the sun, the nucleus of the 
solar system, so the planetary electrons revolve about 
the nucleus of the atom. And now we believe that as 
the earth turns on its axis, so too does the electron spin 
along its orbital way. 

Energy Levels in Atoms.—To explain the more recent 
picture of the atom, President Compton of the Massa- 
chusetts Institute of Technology’, uses an interesting 
analogy to account for the energy levels of the electrons 
in atoms. An atom is likened to a factory building in 
which a great deal of work is being done. Men are 
hammering and moving objects from one place to an- 
other and as a result of such disturbances, small peb- 
bles, which are resting on the steps of the fire-escape 
on the outside of the building, are shaken down from 
step to step. The pebbles bear the same relation to 
the building that the planetary electrons bear to the 
nucleus of the atom. The steps on the fire-escape are 
“the energy levels’ which may be occupied by the 
electrons (pebbles).* 


1 Compton, Karu T., ‘“‘The battle of the alchemists,” Elec. 
Eng., 52, 75-80 (Feb., 1933). 

* Readers who are interested in the use of analogies in pictur- 
ing the modern atom will be delighted with Dr. Compton’s 
article from which the above analogy was taken. 
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The Nature of Molecules—Molecules can be divided 
into simpler units (decomposed) but in so doing the 
properties which characterize them will be lost. Stu- 
dents grasp this point more readily if told about the 
car of wheat or corn; divisions and subdivisions are 
made until a single kernel remains. If this is cut in 
two, pulverized or destroyed in some other manner, 
the grain loses certain important properties. For ex- 
ample, it will not germinate. 

Relationship of Substances, Molecules, and Atoms.— 
To show the relationship of substances, molecules, and 
atoms one writer? says that as words are made up of 
syllables which are made up of letters, so also substances 
are made up of molecules which are made up of atoms. 
Extending this to include electrons we may say that 
as words are made up of syllables which are made up 
of letters which are made up of curves and straight lines, 
so also substances are made up of molecules which are 
made up of atoms which are made up of electrons around 
nuclei. 

The Structure of Benzene-—Years ago the structure 
of benzene was unknown to chemists. The percentage 
composition and molecular weight of the substance 
pointed to the formula C,H, but the quadrivalence of 
carbon could not be satisfied if the structural formula 
was written in the conventional manner. Then came 
Kekulé’s dream-analogy. He saw a chain of carbon 
atoms dancing before his eyes, and as they danced they 
seemed to become a snake. The snake seized hold of 
its own tail. The chain of carbon atoms had become 
a closed ring. The ring theory of the structure of 
benzene, which grew out of this analogy, has been of 
paramount importance in the development of organic 
chemistry. 

Catalysis 

A catalyst is an agent which changes the rate of a 
reaction but which at the end may be recovered, ap- 
parently unchanged, and used again. The rdle of 
catalysts in chemical reactions may be made clear to 
students by suitable analogies. The following have 
been used with success. 

The Workmen Analogy.—A number of workmen were 
filling a coal car. While the foreman was absent the 
coal went into the car at the rate of three shovelfuls 
per ten minutes, per man. With the foreman present, 
the coal went into the car at the rate of fifteen shovel- 
fuls per five minutes, per man. The foreman said 
nothing, but his presence served to stimulate the rate 
of filling the car much the same as a catalyst changes 
the rate of a chemical reaction. 

The Policeman Analogy.—A traffic policeman may 
be considered to be a kind of catalyst since he regulates 
the speed of traffic without actually driving all the cars 
on the street. 

Oil Analogy.—Ostwald likened the behavior of a 
catalyst to the action of oil on the bearings of a machine. 
The machine operates more smoothly but the oil is 
unchanged. 


2 MARSHALL, L. C., ‘The story of human progress,’’ The Mac- 
millan Co., New York City, 1927, 548 pp. 
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Chemical Equilibrium 


Equilibrium is established when the forward and 
reverse reactions take place with the same velocity. 
At any given moment there will be the same number of 
molecules of each substance present as at any other 
moment although the same individual molecules may 
not be present during each period of observation. Stu- 
dents understand this dynamic equilibrium more read- 
ily if one or two well chosen analogies are used. 

Wild Horse Analogy.*—Given 100 horses and 100 
men in a small enclosure. The men try to ride the 
horses, but due to the wildness of the horses many are 
thrown. These remount, however, to take the place 
of others who are subsequently thrown. This process 
continues until at any given moment, when equilibrium 
is established, 50 horses have no riders. If one wishes 
to show the effect of increasing the concentration of 
one of the reactants on the final equilibrium of a chemi- 
cal reaction, the above analogy can be modified to 
show that if 200 men are brought into the enclosure to 
ride the 100 horses, a new equilibrium point will be es- 
tablished in which there will be at any given moment, 
let us say, 25 unmounted horses. In other words the 
increased number (concentration) of men has resulted 
in increasing the number of mounted horses. 

The Bridge Analogy.—Two cities, located on opposite 
banks of a river, are connected by a bridge. People 
are continually crossing from one side to the other. If 
the number passing in opposite directions, per unit 
time, is the same, the total number of people in each 
city will remain constant. That is, a state of equilib- 
rium is maintained. 


The Solubility-Product Principle 


The solubility-product principle states that the prod- 
uct of the concentrations of the cations and anions of 
difficultly soluble salts must exceed a certain minimum 
value before a precipitate can form. It can be shown 
that the concentrations of the two ions need not be the 
same so long as their product is greater than the mini- 
mum value which is spoken of as the “‘solubility-product 
constant.” 

The Fish Analogy.—To explain the solubility-product 
principle more fully, the analogy of the fishermen and 
the fish has been told to students with considerable 
success. It is somewhat as follows. Imagine a se- 
cluded lake filled with trout just a day or so before the 
official fishing season opens. A small party of game 
wardens and their friends arrive at the lake to prepare 
for the season’s business. Naturally they take their 
fishing-tackle along in order that they may participate 
in the summer’s activities. The fish are plentiful and 
hungry and the wardens are anxious to try their new 
fishing equipment, which they do. Every man catches 
a generous supply of trout. The ‘‘concentration” of 
men is low but the “concentration” of fish is high so 
the solubility-product constant is exceeded and a pre- 





* From the general chemistry lecture notes of Dr. J. H. Wal- 
ton of The University of Wisconsin. 
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cipitate is formed (7. e., a fish on the fisherman’s hook). 
Now imagine the same lake several days later, after 
the season is well under way. There are many fisher- 
men angling for the numerous fish left in the lake. 
Many fish are caught because under these conditions 
the solubility product is again exceeded. Finally, 
imagine the scene at the lake late in the season. A few 
fishermen are left trying to catch the two or three fish 
which have escaped the thousands of hungry fishermen 
who have visited the lake during the summer. Try 
as they will, they cannot catch a fish. The solubility 
product has not been exceeded. 


TEXTBOOK ANALOGIES 


In reviewing a number of the leading texts in general 
chemistry, the writer has checked the analogies which 
have come to his attention. In the paragraphs which 
follow are examples of analogies which have been se- 
lected from these texts. 

First Text.—The first edition of Richardson's ‘‘Gen- 
eral Chemistry’’* contains a number of interesting 
analogies. On page 85 is one used in explaining the 
laws of chemical combination. The author asks the 
student to imagine an absurd grocer who stores away 
the commodities which he sells in packages of fixed 
weight, packages which he refuses to break and sell in 
smaller or larger units. 

Another interesting analogy is given by Richardson 
on page 202 to explain chemical equilibrium. He as- 
sumes two different kinds of individuals called blacks 
and whites confined in a field. Both kinds are wander- 
ing at random within the enclosure. When a black 
meets a white a pair is formed which remains together 
for a time, 7. e., until they tire of the companionship 
and separate. Here we have a condition of equilibrium 
in which at any given time there are a certain number of 
pairs of the blacks and whites. Richardson, on page 
208, uses another form of this analogy in which he has 
two groups of individuals lined up and throwing base- 
balls at each other. On one side are young, vigorous 
men while on the other are old men with “glass arms.”’ 
At first the young men get the better of the older ones, 
but as the young men use up their “ammunition” and 
the old men warm up, a state of equilibrium is estab- 
lished in which the number of balls going in either direc- 
tion is the same. 

Second Text.—Holmes, in the revised edition of 
“General Chemistry’’* uses the analogy of the financial 
condition of a student to explain chemical equilibrium. 
On page 80 the author shows that the student begins 
the year with a cash reserve for emergencies, a regular 
allowance from home, and the expectation of necessary 
expenditures. By considering imcome and outgo as 
analogous to two opposing chemical reactions and the 
cash reserve as an amount that may grow, decrease, 
or remain fixed (constant), a successful parallel is ob- 
tained. 

3 RICHARDSON, L. B., ‘“‘General chemistry,’’ Ist éd., Henry 
Holt & Co., New York City, 1927, 812 pp. 


* Hotes, H. N., ‘‘General chemistry,’ rev. ed., The Mac- 
millan Co., New York City, 1930, 654 pp. 
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Third Text.—In explaining the number of atoms of 
each kind in a given type of molecule, Deming, in his 
new “Introductory College Chemistry’’® gives an in- 
teresting analogy. Students are asked to imagine that 
automobiles are too small to be examined individually, 
but that the quantity statistics of a certain factory are 
available which show that for each million steering 
wheels built into its cars, six million spark plugs are 
needed, four million wheels, and two million headlights. 
The conclusion then is that each car possesses a mini- 
mum of one steering wheel, six spark plugs, four wheels, 
and two headlights. 

Fourth Text.—Mellor’s ‘‘Modern Inorganic Chem- 
istry’’® contains a number of analogies. On page 138 
the author points out that one substance can accom- 
modate another much in the same way that ‘‘a scuttle 
of coal might at the same time accommodate a bucket of 
sand.” 

Sound-Film Analogy.—The talking film on the kinetic 
theory of gases made at The University of Chicago 
under the direction of Dr. H. I. Schlesinger, draws an 
analogy between the bombardment of a target, by lead 
bullets from a machine gun, and the bombardment of 
the walls of a vessel by gas molecules. In either case, 
a pressure is created. The pressure exerted by the 
lead shot on the target is recorded by a pressure gage 
which can be observed by those who see the demon- 
stration. 


OBJECTIONS TO THE USE OF ANALOGIES 


The common objections raised by teachers to the 
use of analogies are summarized in the following para- 
graphs. * 

Analogies should not be used too frequently, espe- 
cially if the students have proper background for the 
subject matter. The too frequent use of analogies 
under these conditions may make them amusing or 
humorous rather than instructive. It is quite probable 
that such analogies will lack dignity. 

The second charge which one may make against the 
use of analogies is that teachers may overload them. 
Analogies are not identities. Often many absurd as- 
sumptions must be made by teachers before the anal- 
ogy can be applied. An overloaded analogy is quite 
likely to lack dignity and, what is more serious, imply 
relations which do not exist. 

This brings us to the third and, in the opinion of the 
writer, the most serious objection to the use of analo- 
gies. Reactions produced in the students’ minds may 
be entirely foreign to the ones the teacher wished to obtain. 
For example, after giving a class of elementary students 
the analogy about the car of corn to illustrate the nature 
of molecules, one student asked whether or not the 
instructor thought some of the corn found in the ruins 


5 DemING, H. G., “Introductory college chemistry,’’ John 
Wiley & Sons, Inc., New York City, 1933, 590 pp. 

6 MELLOR, J. W., ‘‘Modern inorganic chemistry,’’ Longmans, 
Green & Co., New York City, 1930, 1103 pp. 

*The excellent editorial on ‘‘Classroom analogies” in the March, 
1933, JOURNAL OF CHEMICAL EpucarTION should be read by those 
interested in analogies. 
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of the cliff dwellings of the southwest would germi- 
nate. Apparently that student had taken a trip into 
the old southwest during part of the class-period. 


ADVANTAGES OF ANALOGIES 


One advantage of analogies has already been sug- 
gested in the first paragraph of this paper; namely, that 
students grasp new facts and abstract conceptions if 
they are presented in terms of the students’ own experi- 
ences. An analogy draws on the students’ past ex- 
periences and is, therefore, a valuable tool in teaching. 

Analogies are useful where students do not have the 
proper background to follow the conventional methods 
used by some teachers. Mixed classes, 7. €., those 
which are made up of students who have and those 
who have not had chemistry in high school, furnish an 
example. Those students with no previous chemistry 
can be helped along by the use of suitable analogies. 

Analogies serve as excellent substitutes for mathe- 
matical concepts which are used in introducing many 
theories. Frequently the analogy is retained and used 
along with the mathematical formula, the one reénforc- 
ing the other. For example, the kinetic theory, which 
is an analogy, is taught to students not only by means 
of mathematical formulas but also by means of simpler 
analogies. 

In the hands of skilful teachers, the undesirable 
consequences of analogies, pointed out in the previous 
section, can be reduced to a minimum. The skilful 
teacher does not use analogies too frequently, nor does 
he use those of questionable value. His analogies are 
chosen after he has had an opportunity to determine 
the background of his class. By observing these pre- 
cautions, he is less likely to stimulate irrelevant re- 
actions in the minds of his students. 


GENERAL DISCUSSION 


Of the many textbooks examined for analogies, one 
or two stand out as exceptions. These contained very 
few analogies of the type illustrated above. In this 
group should be mentioned Hildebrand’s ‘‘Principles 
of Chemistry’’’ and Schlesinger’s “‘General Chemistry.’’® 
Parenthetically, it should also be mentioned that Rich- 
ardson’s revised ‘“‘General Chemistry’’® does not con- 
tain the analogies which were, in the opinion of the 
writer, an interesting feature of the first edition. 





7 HILDEBRAND, J. H., “‘Principles of chemistry,’’ 3rd ed., The 
Macmillan Co., New York City, 1932, 328 pp. 

8 SCHLESINGER, H. I., ‘‘General chemistry,’”’ rev. ed., Long- 
mans, Green & Co., New York City, 1930, 847 pp. 

® RicHARDSON, L. B., ‘‘General chemistry,’”’ rev. ed., Henry 
Holt & Co., New York City, 1932, 779 pp. 


CAcy 


Our attention has been called to an unfortunate transposition of figures which occurred on page 523 of Mr. Kraissl’s article 
on “‘A History of the Chemical Apparatus Industry” in the September number.. The date of introduction of Nonsol 
glassware was 1902—not 1920. 
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The writer believes these books are very satisfac- 
tory for students with suitable backgrounds. It is 
unnecessary for college teachers to use analogies ex- 
tensively on groups of selected students. The facts 
are, however, that a great many of our freshman chem- 
istry classes are mixtures of students who have had 
with those who have not had chemistry in high school. 
For such classes there will remain a definite need of 
the analogy in the chemical diet. 

If chemistry were not a growing science, it is con- 
ceivable that future students would come to our uni- 
versity classes with such broad experience and excellent 
training that analogies would be seldom needed. With 
a “dead” chemistry we could soon give our high-school 
instructors such definite ideas concerning the kinetic 
theory, isotopes, atomic numbers, and the other sub- 
jects which now form a part of the high-school course, 
that they would be able to impart their knowledge 
rather effectively to their students. These students 
would come to the university so well equipped for the 
average freshman chemistry course that analogies 
would rarely be necessary. 

But chemistry is a growing science. The researches 
and new theories of today become the subject matter of 
our freshman classes tomorrow. Just yesterday few 
of us knew anything about the ‘‘energy levels’’ of the 
atoms. Today a discussion of energy levels in atoms 
forms an important part of many of our courses. Yes- 
terday, if we thought of atoms, we had a mental pic- 
ture of electrons hanging on the corners of cubes. 
Today we have discarded the cubes but have, in their 
place, another picture which serves us better. But we 
are prepared, and expecting, to discard our present 
picture as soon as a more accurate representation can 
be found. 

It is quite possible that, in the near future, we shall 
be teaching quantum mechanics to our freshmen. If 
we do, it will be necessary to make use of analogies as 
we now use them in teaching atomic structure. We 
shall do as Dr. Charles P. Steinmetz did when he 
wrote his book “Four Lectures on Relativity and 
Space.’’!° In the preface he states that “‘the relativity 
theory is intrinsically mathematical and it is impossible 
to give a rigidly correct and complete exposition of it 
without the extensive use of mathematics. The best 
that can be done, therefore, in explaining the theory of 
relativity to the layman, and to the engineer who is 
not an expert mathematician, is to give by analogy, 
example, and comparison a general conception of the 
theory and its fascinating deductions and conclusions.”’ 





10 STEINMETZ, C. P., ‘‘Four lectures on relativity and space,” 
McGraw-Hill Book Co., Inc., New York City, 1923, 126 pp. 
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SURVEY COURSE of the PHYSICAL 
SCIENCES for COLLEGE FRESHMEN 


WILL V. NORRIS 


University of Oregon, Eugene, Oregon 


The fact that a majority of the students entering the 
university have their major interest outside of the field 
of physical sciences, led the University of Oregon to 
organize a survey course of astronomy, chemistry, geology, 
and physics into an integrated unit. The students through 
this course study the scientific method of approach, and 
acquire a brief acquaintanceship with science, without 
the necessity of devoting a full year to each of these fields. 
In this article the procedure used and the material covered 
are outlined. The emphasis is placed on the scientific 
method and not on details of subject matter. 


+++ + + + 


OBJECTIVES 


T THE University of Oregon, there are at present 
three distinct objectives for the survey course of 
the physical sciences: 


To teach the student to think. 

To acquaint the student with the scientific method 
of thought by tracing the development of the 
physical sciences. 

To aid the student in his orientation by presenting 
some of the fundamental facts and principles of 
the physical sciences. 


REASONS FOR A SURVEY COURSE 


The recent advances in astronomy, chemistry, geol- 
ogy, mathematics, and physics are among the most 


prominent features of modern achievements. Inacom- 
paratively short time these branches of science have 
changed our entire mode of living. We now have trans- 
portation in all media, synthetic chemical compounds, 
rayon, radio and telephone, electrical conveniences of 
every description, geophysical methods of locating ore 
and oil, and a multitude of other developments, all of 
which are ours to use. Progress in the material world 
has gone forward beyond our wildest dreams. 

At the same time social development has made little, 
if any, progress in solving such problems as political 
corruption, crime, the eternal struggle between capital 
and labor, marriage, and a long list of similar problems 
—these are only a few of the difficulties which students 
of today will have to face upon graduation. An aston- 
ishing contrast, therefore, confronts us—we have made 
rapid advancement in physical sciences and very little 
progress in social developments. Why does this situa- 
tion exist? We believe that one answer partially 


touches the heart of the trouble; and that pertains 
to the essentially different way in which the problem 
has been approached. It is primarily the purpose of 
this course to acquaint the student with the method of 
approach known as the scientific method. 


GENERAL ORGANIZATION 


In the organization of a survey course of the physical 
sciences for college freshmen, the amount of the differ- 
ent materials which must be presented is enormous and 
each group of material must be given its own method of 
presentation. The selections for the purpose of in- 
struction and the methods of presentation are among 
the first problems that must be solved. We have en- 
deavored to approach each field in a scientific manner 
very much as our forerunners in science did during 
the past generations. We start with the earliest con- 
cepts found in nature and gradually develop these into 
our present theories and laws. The subject at first is 
handled as an integrated unit but is gradually broken 
up into the different sciences, each with its own theories 
and explanations. 

In no way do we attempt to cover all the details of 
the physical sciences, but we select from astronomy, 
chemistry, geology, and physics, topics that are best 
adaptable to our method of presentation, and we try to 
instruct in the essentials of these different subjects. 
A short, condensed outline of subject matter is included 
in this article to illustrate the nature of the material 
used. See table appended. 

The objectives of the course are accomplished not 
only by tracing the development, of the physical sci- 
ences, but by aiding the student in his orientation so 
that he will think scientifically by applying the already 
proved scientific method. In order to illustrate this, 
we shall give in some detail one of the scientific develop- 
ments as used in classroom lecture. The illustration 
will be the development of the periodic law. Wherever 
possible, each step is carried out in correlation with 
demonstration and is related to the historical record. 


ILLUSTRATIVE LECTURE OUTLINE 
Classification of the Elements 
Experimental Work: 


1. Combine with oxygen as many elements as possible, some 
metals and some non-metals. 

2. Dissolve the soluble oxides in water, forming acids and 
bases. 
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3. Make tests of each solution to determine whether it is an 


acid or a base. 

4. Illustrate by simple experiments the relative activity of the 
halogens (Cl, Br, I). 

5. Give additional illustrations of the various possible rela- 
tionships indicated by the periodic table. These can be shown 
either by diagrams or experiments. 


Conclusions: 

Based on the information given above the following develop- 
ment is pointed out in the steps indicated: 

1. A division based on the fact that elements are metals or 
non-metals. 

2. A division based on acid or basic properties. 

8. Prout’s (1815) attempt to classify the elements according 
to their atomic weights alone. Point out the fact that he con- 
sidered all elements to be made of hydrogen, hence all elements 
must have integral atomic weights. Disprove this by showing 
that many elements have fractional weights. 

4. Débereiner’s (1817) Triad Theory. This was an arrange- 
ment according to chemical properties, based on the atomic 
weights of each of three elements. The intermediate element 
having an atomic weight almost the arithmetical mean of the 
sum of the atomic weights of the other two. Use such groups as 
(Cl, Br, I), (Li, Na, K), or (Ca, Sr, Ba) to illustrate those that 
do agree, but also point out some that do not. 

5. Newland’s (1865) Law of Octaves. Show the series of 
eight elements which are related. This produces a general ar- 
rangement of elements, but is imperfect in such cases as H, Mn, 
Fe and others. It did prove to be the basis of a great law. 

6. Mendeleéff’s and Meyer’s Periodic Law. This gave the 
relationship between both atomic weights and the periodic re- 
currence of chemical and physical properties. 

7. Correct the relationship from atomic weights to atomic 
numbers, giving reasons. 

8. Point out the value of such a classification. 


THE SCIENTIFIC METHOD 


In the illustration it will be noted that the scientific 
method was carried out very much as follows: 


1. Observation and recording of the facts of nature 
and of experience. 

2. Organization of these facts into laws by critical 
analysis. 

3. Formulation of a theory to account for the ob- 
served laws or hypotheses. 

4, Testing the theories by experimental work. 


The last step usually produces new facts which require 
changes in the originally observed laws. A successful 
theory should lead to new laws and hence to a more 
perfect theory. 

This kind of development is continued with the sub- 
ject matter from the four major physical sciences, 
omitting as far as possible any mathematical proofs, 
in the endeavor to base our work on experimental 
evidence. In this way the student acquires, in addition 
to the scientific thought processes, a fair concept of the 
four fields and is able to adjust himself in this mechani- 
cal age by knowing the nature and origin of the ideas 
underlying these subjects. In no way do we feel that 
this work replaces, for the regular scientifically minded 
students, the usual first-year college course in any one 
of these subjects; but it actually adds to the sum total 
of human intellectual advancement by presenting to 
those students, who normally have their major interest 
elsewhere, a brief acquaintanceship with science. 
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AMOUNT OF CLASS WORK 


We have for each student three lectures and one quiz 
period per week running throughout the school year. 
Allowing three one-hour examinations each term and 
the usual number of holidays, we have eighty-five lecture 
periods per year. At present this course requires six 
lecture sections conducted by the staff and fifteen 
quiz sections handled by both staff and qualified gradu- 
ate assistants. 

Originally we used different instructors from each of 
the various departments to give the lectures in their 
respective subjects, but after several years of intensive 
work we have decided that it is better to have a single 
instructor for each section handling the work in all 
fields because we have found that better results are 
obtained if the method of teaching is uniform through- 
out the year. As we place greater emphasis on the 
scientific method than on subject matter this is to be 
expected; however, it is very essential that the in- 
structor have good training in each of these fields and, 
above all, that he have enthusiasm for the survey 
work. A schedule of the eighty-five lectures is ap- 
proximately as follows: 


Subject Lectures 
History of Science 8 
Physics 20 
Structure of Matter 9 
Chemistry 20 
Astronomy 1l 
Geology 17 

Total per year 85 


LECTURE DEMONSTRATIONS 


We have found it well to use illustrations and lecture 
demonstrations, if possible, that were not used in 
regular first-year courses so that students who later 
take the regular courses may not find much of the ma- 
terial repeated. If this precaution is not taken these 
students may lose interest in the new course. By a 
little correlation with the various courses this is easily 
prevented. 

Wherever possible with each lecture we have demon- 
strations, usually of quantitative nature, in order to 
approach the methods of a laboratory. In astronomy 
we have two observational periods, and in geology there 
are several field trips. Although there are no regular 
laboratories provided, the students have access to the 
equipment during quiz periods and outside hours. 
We find that many students make use of these periods. 


READING AND TEXTS 


The students are not required to purchase textbooks, 
but use those in our reserve library. We furnish a 
syllabus outlining the work of the entire year so that 
the student follows assigned reading from stated books 
upon a definite basis. In addition to the assigned read- 
ings we furnish a list of optional reading material that 
closely follows the lectures. 
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The assigned references are: 


Introduction: 
“The seven seals of science,”” by JOSEPH MAYER. 

Physics: 
“The development of human ideas concerning the physical 
world,”’ by LEONARD B. LOEB. 


Chemistry: 
“Introduction to chemistry,”’ by JoHNn A. Timm. 


Astronomy: 
“Astronomy,” by ROBERT H. BAKER. 


Geology: 
“The earth and its rhythms,’”’ by SCHUCHERT AND LEVENE. 


A partial list of optional readings follows: 


Astronomy: 
“The nature of the world and of man,” by H. H. Newman. 
“Outline of science,” by J. A. THOMSON. 
“Astronomy for everybody,” by SImon NEwcoms. 
“Two thousand years of science,’”’? by HARvEYy-GIBSON. 


Chemistry: 
Standard texts of college chemistry. 
“A history of chemistry,’ by Moore. 
“A history of chemistry,” by ARMITAGE. 
“The romance of modern chemistry,’’ by PHILLIPS. 
“Classics of modern science,”’ by KNICKERBOCKER. 
“Creative chemistry,”’ by SLOSSON. 


Geology: 
“Introductory geology,’’ by PIRSSON AND SCHUCHERT. 
“Earth features and their meaning,’’ by Hooss. 
“Historical geology,’’ by CHAMBERLAIN AND SALISBURY. 
“Textbook of geology,” by GRABAU. 
“A shorter physical geography,’’ by DE MARTONNE. 


Physics: 
‘‘An outline of physics,” by A. E. CASWELL. 
“Physics for college students,’”’ by A. A. KNOWLTON. 
“First principles of physics,’?’ by CARHART AND CHUTE. 
‘““Matter and energy,’’ by WENDT AND SMITH. 
“‘A history of physics,” by FLORIAN CajorI. 


The present outline of this course has been made pos- 
sible through the joint efforts of Dr. W. D. Wilkinson 
of the department of geology, Dr. Leo Friedmann of 
the department of chemistry, and my own. I take 
great pleasure in acknowledging the helpful codperation 
of my colleagues in this undertaking. 


A SHORT OUTLINE OF SUBJECT MATERIAL USED IN THE 
SURVEY COURSE OF THE PHYSICAL SCIENCES 


Fall Term 


INTRODUCTION 
Definition of science. 
Purpose of the survey course. 
The scientific method. 


HISTORY OF SCIENCE 
Early civilization to 600 B.c. 
Science in the Golden Age of Greece (600 B.c. to A.D. 200). 
The Dark Ages for science (A.D. 200 to a.p. 1400). 
The revival of science, the Renaissance (after a.p. 1400). 
The new astronomy. ‘ 
Physics established as a science. 
The rise of chemistry. 
Introduction to geology. 


PHYSICS 
Energy and Matter 
Matter. 
States of matter. 
Properties of matter. 
Energy, potential and kinetic. 


Statistics 
Early developments. 
Inclined plane and levers. 
Units of measurement. 


Dynamics 
Early developments. 
Galileo—falling bodies. 
Newton—laws of motion. 
Kepler—three laws. 
Einstein—modern mechanics. 


Nature of Heat 
Development of temperature measurement devices. 
Development of temperature scales. 
Black—caloric theory. 
Mechanical nature of heat, Rumford experiments. 
Kinetic theory of heat. 
Conservation theories. 


Nature of Magnetism 
A development based on the work of: 
Gilbert and Cardana Henry 
Oersted Maxwell 
Ampére Hertz 
Faraday Williams (modern trend) 


Nature of Electricity 

A development based on: 
Early knowledge 
Frictional electricity 
The Leyden jar 
Galvani 
Volta 

Practical applications of today. 


Nature of Light 
A development covering reflection, refraction, theories of 
transmission, transverse waves and quanta, based on the 
experimental work of: 


Ancient workers 
Newton 
Huygens 
Young 
Fresnell 
Helmholz 
Velocity of Light 
Methods of determination of the velocity of light as de- 
veloped by: 
Galileo 
Romer 
Bradley 
Nature of Sound 
Early investigations. 
Transmission of sound waves. 


Velocity of sound waves. 
Characteristics of musical sounds. 


Michelson and Carlisle 
Franklin 

Maxwell 

Planck 


Planck 
Einstein 
Compton 
de Broglie 
Schrédinger 


Foucault 
Michelson 


Winter Term 


CHEMISTRY 


Introduction 
Transformation of matter. 
Chemistry, an exact science. 
Chemical and physical changes. 
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Matter from a chemical standpoint. 
The nature of chemical processes. 


Early Development of Chemistry 

Chemistry among the ancients. 

Chemistry in the Middle Ages (alchemy). 

Chemistry in the Renaissance. 

Paracelsus, Agricola, van Helmont, Glauber, Robert Boyle. 

The phlogiston theory. 
Johann Becher and Stahl. 

Lavoisier’s work on combustion. 

Modern chemistry. 
Starting with Cavendish, Scheele, and Priestley, through 
to present chemists. 


Quantitative Studies of Chemical Reactions 
Law of conservation of matter. 
Law of definite composition. 
Law of multiple proportion. 
Law of combining weights. 


The Atomic Theory 
Dalton’s atomic theory. 
The shorthand of chemistry. 
Chemical formulas and equations. 
Weight relations from chemical equations. 


Ideas Concerning the Structure of Matter 
Gay-Lussac’s law of combining volumes. 
Avogadro’s hypothesis. 

Gas laws. 

The kinetic theory of gases. 

The structure of atoms and molecules. 
Evidence of atomic complexity. 


Acids, Bases, and Salts 
Characteristics of each. 


Classification of the Elements 
As metals and non-metals. 
As acids and bases. 
Prout’s hypothesis. 
Dobereiner’s triads. 
Newland’s law of octaves. 
Mendeléeff and Meyer. 
Periodic law. Value. 


The Chemistry of Our Environment 
The atmosphere. 
Our fuel resources. 
Iron and steel. 
Organic chemistry. 
Chain compounds. 
Ring compounds. 
Organic derivatives. 
Industrial chemistry. 


Spring Term 


ASTRONOMY 
The Development of Astronomy 
Introduction. 
Early astronomy. 
Origin. 
Astrology. 
Greek astronomy. 
Astronomy of Middle Ages. 
The place of astronomy among the sciences. 
Practical aspects of astronomy. 


The Solar System 


The earth. 
The moon. 
The sun, our nearest star. 
The planetary system. 
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Comets and meteors. 
Eclipses. 

Stars and Spiral Nebule 
Constellations. 
Designations. 
Distances, magnitudes, temperatures. 
Milky way. 

The Structure of the Visible Universe 
Nature of the problem. 
Easton’s theory. 
Shapley’s theory. 

GEOLOGY 


Early Development in Geology 
Babylonians. 
Early Greeks. 
Romans and the Dark Ages. 
Modern geology. 

Structure and Earth Materials 
Earth structure. 
Theories of origin of the earth 
The earth’s spheres. 
Earth materials. 

Minerals and rocks. 


The Atmosphere 
Composition. 


Climate and weather. 
Interaction of atmosphere, lithosphere, and hydrosphere. 


Running Water 
History of a river. 
Weathering. 
Transportation. 
Corrosion and corrasion. 
The Work of Ice—Glaciation 
Types of glaciers. 
Work of glaciers. 
Comparison of glaciers and running water. 
The Oceans and Their Work 
Importance of oceans. 
Work of oceans 
Destructive and constructive. 
Circulations. 
Volcanoes— Vulcanism 
Types of volcanoes. 
Work of volcanoes. 
Causes of vulcanism. 
Products of volcanoes. 
Earth Movements and Mountain Building 


Diastrophism. 
Types of mountains. 


Man’s Changing Ideas Regarding Natural Processes 


Development from primitive man to modern man. 
Man’s use of natural resources. 
Life. 
Relation of biology to physical sciences. 
Classification of life forms. 
The evolution of life. 
Paleontology. 
Fossils. 
Geologist’s Time Table and the Age of the Earth 
The Geologic Column. 
The Archeozoic era, no life. 
The Paleozoic era, beginning of life. 
The Mesozoic era, dinosaurs. 
The Cenozoic era, mammals. 
The Psychozoic era, man. 
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1932-33 
$38093 


School D 
1931-32 
$43050 


Data from two state colleges, two state universities (land- 
grant) and one state university (not land-grant) have been 
used to determine the student quarter credit-hour cost of 
instruction in chemistry. General physical plant ex- 
pense items such as heat, light, janitor service, etc., are 
not included. The high is $6.319 and the low $3.125. 
This total is divided into instruction (teachers’ wages), 
clerical, stockroom wages, laboratory supplies, capital, 
repairs and replacements, and miscellaneous. Pro- 
visional standards are suggested for each under present 
conditions and a total cost per student quarter credit-hour 
of $4.825 is suggested as a provisional standard. 
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1806.88 
992.73 
537 .57 


600 

1300 
10772.50 
$65391.78 


ITH the necessity for drastic economy in edu- 
cational institutions it becomes a matter of 
importance to know and analyze the costs as 

well as the effectiveness of the work. During the 
past winter the author attempted to find published 
studies on present-day costs of chemical instruction 
but was not able to locate such studies. A preliminary 
attempt to assemble some data on costs was then under- 
taken. If more economical operation of stockroom, 
office, etc., was being attained at any other institution 
it was desirable to discover the fact and inquire into 
the method so that it might be used. If the unit cost 
of instruction was definitely lower in some institution 
it would seem desirable to inquire into the methods and 
organization used to attain this lower cost. 

In order to determine the minimum data to request 
from other institutions the costs of operation of our 
department were studied over a period of two years and 
tabulated as in Table 1. The cost of each item per 
student quarter credit was then calculated and the 
final total cost per credit-hour was found as shown. 
The total cost of instruction (salaries and wages paid 
all full-time members of the department and assistants) 
was divided by the total number of student quarter 
credit-hours and this gave the cost of instruction per 
student quarter credit-hour. The sum of ‘all these 
items gives the total cost per student quarter credit- 
hour. Two of the schools operated on the semester 
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$40382 


TABLE I.—Cuemistry DEPARTMENT BUDGET 
1932-33 


$15366 . 86 
School A 
1931-32 


340.00 
1160.00 


3200.00 
2289.85 





School A 
1931-32 
$17040.48 
1930-31 


$13600 .33 
Cost PER STUDENT QUARTER Hour oF ALL Courses TAUGHT BY THE CHEMISTRY DEPARTMENT 





340 
1160 





1930-31 
$14068 
$17864 


e paid for by the 


If no deductions made for student breakag 
individual student 


Freight, office supplies, postage, express, etc. 


Less breakage paid by students 
Total cost per quarter credit 


Total quarter hours taught 
Freight, office supplies, etc. 


Instruction 


Clerical 
Repairs and replacements 


Net—chemicals and supplies 
Used in teaching 


Capital 
Repairs and replacements 


Laboratory supplies 


Laboratory supplies 
Capital 


Stockroom 


Clerical 


Instruction (salaries, teachers, and assistants) 
Stockroom (wages) 
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plan. Their semester credit-hours were reduced to 
quarter credit-hours by multiplying by 11/2. A class 
of 60 students in a 5-credit course means 300 student 
credit-hours of teaching. 

Blank forms requesting this information were sent 
to the heads of the departments of chemistry in six 
institutions and five responded with the desired data 
more or less comparable. Schools A and B are state 
colleges, schools C and D are land-grant state universi- 
ties, and school E is a state university with state 
college work taught at a separate institution. 

Due to differences in accounting at the various insti- 
tutions the tabulations are not entirely comparable. 
For example at school A freight on laboratory supplies 
is not included with the cost of the laboratory supplies as 
at school B. In some of the schools student break- 
age funds form a revolving fund used over and over by 
the department. At school A where this breakage fund 
is not a revolving one data is available to show the 
difference this makes. In all the schools but D light, 
gas, water, and telephone are not charged to the 
department budgets but are general physical plant 
budget items like heat and janitor service. This partly 
explains why costs at school D are higher than at any 
of the other institutions. School D is the largest of 
the 5 schools and carries on more investigational work 
by the faculty members and also more graduate work 
than any of the other schools. School D is a middle- 
western institution where more consistent support is 
to be expected compared to the other schools located in 
less wealthy states. 

A study of the catalogs of schools A and E indicates 
that the probable chief reason for their costs being 
lowest is the heavier teaching loads of their staffs. It 
is further indicated that this teaching load is too heavy 
to permit staff members even to keep up with current 
periodical literature and books and do any investiga- 
tional work themselves. Obviously an undermanned 
department will have lower teaching costs but it is 
equally obvious that such a department is bound to 
suffer for the economy. 

In the cases of schools A and D where figures for 3 
full years are available it is obvious that the way to 
keep teaching costs down is to increase class size. In 
each of these schools the budget drop was very decided 
from 1931-32 to 1932-33 but the student quarter hours 
taught by the department in all courses was down and 
actual student quarter credit-hour costs went up. 
It is fairly obvious that the hours of work at the stock- 
room and in the office are going to be about the same 
whether there are 400 students in 12 courses or whether 
there are 500 students in the same 12 courses. Simi- 
larly an instructor can handle a class of 30 in lecture 
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and quiz with very little more work than a class of 20. 
A way to economy, then, is to offer fewer courses each 
quarter or semester and have larger numbers in each 
course. This can frequently be accomplished by alter- 
nating some junior, senior, and graduate courses where 
the numbers are most likely to be smallest. 

The lowest cost for teachers’ salaries alone per stu- 
dent quarter credit-hour was attained by school A in 
1931-32 and was $2.199 and the highest cost was at 
school D in 1932-33 and was $4.728. The lowest total 
cost was $3.125 at school A in 1931-32 and the highest 
$6.319 at school D in 1930-31. It is very noticeable 
that capital expenditures had about disappeared from 
all budgets by 1932-33. From a study of these data 
provisional standards for the various items for present 
conditions should probably be about as follows: 
$3.750 


-075 
-200 


Instruction (teachers’ wages) 
Clerical 
Stockroom (wages) 
Laboratory supplies (if a non-revolving breakage system 
is used) -600 
Laboratory supplies (if a revolving breakage system is in 
use) (.200) 
Capital .050 
Repairs and replacements . .075 
Miscellaneous -075 


Total cost per student quarter credit-hour $4.825 


Obviously several of these items will vary greatly 
from year to year and from school to school. In our 
location freight is a very large item in the cost of some 
chemicals especially. Here commercial sulfuric acid 
costs over five times as much as in Chicago or New York. 
The miscellaneous item which includes freight charges 
is too low for our location. Laboratory supply prices 
are low. They will probably be much higher for the 
school year 1933-34; this item should, therefore, prob- 
ably be increased. Capital expenditure is listed at an 
absolute minimum for a department doing any investi- 
gational work at ail. This item should be at least 
$0.250 in normal times. Wages involved in several items 
are minima and these items should certainly advance 
with the rapidly increasing cost of living. 

It is hoped that additional studies may be made along 
this line and published. I believe such studies should 
be published for all departments. No doubt executives 
in various colleges have more or less comprehensive 
data of this sort available. There has been no attempt 
to include in this study general items of expense com- 
monly carried on the physical plant budget, as heat, 
light, power, janitor service, cost of maintaining build- 
ings, etc. Only those items commonly appearing in 
chemistry department budgets are used. It was hoped 
that the data showing cost of assistants and regular 
staff members could be shown separately but in most 
cases these items were not separated. 


Cr 0 


The attention of correspondents is directed to the change of address of the editorial office, which is now located at Kent 


Chemical Laboratory, The University of Chicago. 


The business and publication offices remain at the plant of the 


Mack Printing Company at Easton, Pennsylvania. 





LECTURE EXPERIMENTS 
in GENERAL CHEMISTRY" 


I. The Rusting of Iron. 


IT. Spontaneous Combustion. 


IIT, The Halogens 


SAMUEL MORRIS ano ALVAH JOHN WASHINGTON HEADLEE 


West Virginia University, Morgantown, West Virginia 


HIS is the first of a series of papers on lecture 

experiments in general chemistry, which have 

been developed for our courses and to the best of 
our knowledge are nowhere else in use. 

Effective lecture experiments offer many difficulties 
not met with in other types of experimentation. One 
of these is the time element. If possible, every lecture 
experiment should be begun and finished within the 
lecture period. Furthermore, the ideal experiment 
should require no more time to perform than to give 
the necessary explanation, for most students are prone 
to watch any experiment as long as it continues, how- 
ever good the lecturer may be. 


I. THE RUSTING OF IRON 
¥ Usually, in the rusting of 


iron, the heat produced is 
conducted away so rapidly 
that no rise in temperature 
is noted. However, fine 
iron wool, thoroughly 
cleaned, presents a large 
active rusting surface and 
300 to 500 grams of such 
iron, in a rather compact 
mass, surrounded by little 
or no insulation, rusts so 
rapidly that a considerable 
rise in temperature is read- 
ily noted. 

The iron wool, in a 3-liter 
battery jar, is covered with 
1 N hydrochloric acid 
until hydrogen is copiously 
evolved, when the acid is re- 
moved, the iron thoroughly 
washed, and left covered 
with water until needed for 
demonstration. Thus pre- 
pared, the iron may remain 




















* Contribution from the De- 
partment of Chemistry, Division 
of Industrial Sciences, West Vir- 
ginia University. 

t The majority of these experi- 
ments were demonstrated before 
the American Chemical Society, 
Division of Chemical Education, 
at Cincinnati, Ohio, September, 














FIGURE 1.—AIR 
MOMETER 


for two days without seriously impairing the results of 
the experiment. When ready for demonstration, the 
water is poured off and the bulbs of a mercury and an 
air thermometer inserted in the wool, the former to give 
the actual change in degrees and the latter to indicate 
to the class that heat is being evolved. The battery 
jar is wrapped with asbestos paper or cloth to prevent 
heat loss. A rise of 45° in 21 minutes has been noted, 
or more than 2° per minute. A second run may be 
made on the same iron by simply washing with hydro- 
chloric acid and rinsing with water. This second trial 
often gives a more rapid rise in temperature than the 
first. 

The air thermometer used in this experiment is illus- 
trated in Figure 1. A Dumas bulb is very convenient 
for bulb A. This is 
connected by rubber 
tubing to the three-way 
stopcock, D. The bulbs 
B and C are 100-ml. 
pipets spaced so that 
the top of C is ona 
level with the center of 
B. Cmay be extended 
with glass tubing to 
any desired height. 
Water, colored with 
benzo-sky-blue or any 
water-soluble dye, is 
placed in B and C to 
the heights indicated in 
the figure. By means 
of the three-way stop- 
cock the liquid may be 
brought to any desired 
position on the scale. 

This same reaction 
may be employed to 
show that iron rapidly 
combines with one-fifth 
the volume of the en- 
closed air. A 5-liter 
balloon flask is filled 
with iron wool and fit- 
ted with a 1-hole rubber 
stopper carrying a glass 
tube 70 cm. long. The 


rr FIGURE 2.—APPARATUS TO SHOW 
flask is inverted and 
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clamped to a ring-stand so that the glass tube extends to 
the bottom of a glass vessel containing at least 1 liter 
of water, as shown in Figure 2. 

The iron wool has been previously treated with 1 NV 
hydrochloric acid, rinsed and kept over water as de- 
scribed in the preceding experiment. The water is 
then poured off and the flask inverted as shown in Fig- 
ure 2. The water begins to rise immediately through 
tube A, and continues to rise until the flask is approxi- 
mately one-fifth full, which usually requires about 45 
minutes. If the flask is kept tightly stoppered the 
same steel wool may be used repeatedly for carrying 
out this experiment. 


II. SPONTANEOUS COMBUSTION 


This experiment is designed to be completed within 
an hour lecture period, and to use only materials similar 
to those commonly found around the home or other 
buildings. 

Twenty-five cc. of raw linseed oil, 5 
ce. of turpentine, and 5 cc. of Japan 
drier, which have not been exposed to 
the air, are mixed and absorbed in 
cotton. This mass is wrapped in more 


CHLORINE NaBr 


BROMINE 
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speed increases rapidly. After the temperature has 
reached 200° the rate of reaction can be increased 
by placing the cotton in a draft of air. At 300° the 
temperature increases about 10° per minute. At 350° 
the thermometer is removed, the ball of cotton parted 
to the center, and in a short time it will burst into 
flame. 


Ill. THE HALOGENS 


In this experiment is shown the displacement of 
bromine by chlorine and iodine by the bromine. 
Also, if the proper conditions are maintained all three 
elements can be shown in the gaseous state, bromine and 
iodine in the liquid, and iodine in the solid state. 

About a third of the distance from one end of a glass 
tube, which is about 4 cm. in diameter and 90 cm. long, 
are placed two layers of sodium bromide, held in place 
by glass wool as shown in Figure 3. 

In a similar way two layers of sodium iodide are 
placed about one-third of the distance from the other 
end of the tube. From some easily regulated source, 
such as the generator shown in Figure 3, moist chlorine 
is passed into the end of the tube containing the sodium 
bromide. Bromine is displaced from the sodium bro- 
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FIGURE 3.—THE DISPLACEMENT OF THE HALOGENS 


cotton and squeezed in order to distribute the oil 
evenly. The ball is fluffed up somewhat in the middle, 
to allow free access of air, and wrapped loosely in more 
cotton if the oil is near the surface. The bulb of a 360° 
thermometer is thrust to the middle of the mass in order 
to note the change in temperature. The reaction pro- 
ceeds slowly at first but as the temperature rises the 


mide and passes on to the sodium iodide, from whichTit 
displaces iodine. The sodium bromide and sodium 
iodide must not be too dry and the tube must be warm 
enough to keep the proper spaces well filled with gaseous 
bromine and iodine. 

The authors acknowledge with thanks the services of 
Mr. Glenn S. Watson who prepared the drawings. 
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DEMONSTRATING fhe 
OXIDATION of AMMONIA 


THOMAS H. HAZLEHURST, JR. 


Lehigh University, Bethlehem, Pennsylvania 


COMMON method of demonstrating the oxida- 
A tion of ammonia to nitric acid is to insert a glow- 

ing spiral of platinum wire in the vapor above a 
boiling solution of ammonium hydroxide through which 
air or oxygen is bubbling. The platinum continues to 
glow brightly because of the heat of the reaction taking 
place on its surface, and occasional small explosions 
add interest to the demonstration. 

This experiment has the disadvantage that a large 
quantity of unoxidized ammonia escapes into the atmos- 
phere. Furthermore, the demonstration is somewhat 
lacking in visibility 
because everything oc- 
curs within the beaker. 
A new device avoiding 
these difficulties was 
developed in connec- 
tion with the ‘Open 
House” at Lehigh 
University. 

As indicated in the 
figure, the essential 
piece of apparatus is 
a three-necked, thick- 
walled, pyrex balloon 
flask. The flask ac- 
tually used was of 
half-liter capacity, but 
doubtless larger or 
smaller ones would 
work about as well. The one side-neck serves as an inlet 
tube for ammonia gas (supplied from a desk cylinder) 
and air (from the compressed air line). It is fitted with 
a two-hole stopper bearing two lengths of small-bore 
glass tubing extending well into the flask. The other 
side-neck furnishes an outlet tube, being fitted with a 
stopper and a section of wide glass tubing. The central 
neck is closed by a two-hole stopper carrying two pieces 
of tungsten rod, which extend into the center of the 


To 110 v. line 


via resistance 


Outlet 4 














Pt spiral 


flask and serve as supports for a spiral of platinum wire. 
The tungsten-to-platinum connection is made by means 
of a small bit of tungsten wire wound into a spiral 
which will just slip along the rod and must be sprung a 
little in order to admit the end of the platinum wire. 

The device is operated by starting the flow of gases 
and heating the platinum spiral initially by means of an 
electrical current drawn through a lamp bank. A rheo- 
stat might be used in place of the lamp bank, but the 
latter has the advantage that, when the reaction has 
commenced and the current is turned off, the lamps are 
very obviously extinguished whereas the platinum con- 
tinues to glow. The composition of the incoming 
mixture may be controlled by means of bubble tubes 
or flowmeters, containing mercury. Of course, the out- 
flowing gases are led, via a trap, through water. 

The demonstration is quite striking. A few seconds 
after the platinum has commenced glowing under the 
influence of the current, its brightness suddenly in- 
creases. At this point the current is turned off, the 
wire continues to glow brightly, and a white smoke or 
cloud appears near it and passes through the outlet 
train. The presence of nitrate can be demonstrated in 
the water through which the escaping vapors pass. 
It is obvious that no ammonia can reach the atmos- 
phere. 

The one drawback of this set-up is the danger of too 
rapid reaction which is followed by explosion. The 
danger is not large when air is used. The device was 
tried with oxygen instead of air, but it was practically 
impossible to adjust the gas flow to keep the wire glow- 
ing and yet avoid explosion. Even with air the reac- 
tion becomes at times quite vigorous and caution should 
be used. The danger can be minimized by taking care 
to set the large central stopper loosely in the flask. 
With this precaution, not a single explosion injured the 
flask in any way, and since the tungsten rods and plati- 
num spiral represent a rugged set-up they were unin- 
jured and could be replaced at once. 


— 


It is by no means necessary to have just views and a true hypothesis, a priori, in order to make real discoveries. 
imperfect theories are sufficient to suggest useful experiments which serve to connect those theories, and give birth to others more 
perfect. These then occasion further experiments, which bring us still nearer to the truth, and in this method of approxima- 
tion, we must be content to proceed, and we ought to think ourselves happy if, in this slow method, we make any real 
progress.—Joseph Priestley. 
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MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


The University of Wisconsin, Madison, Wisconsin 


PROBLEMS 36-40 


SOLUTIONS of the following problems will be 


given in the November issue. 


In the van der Waals equation 
(pb + a/v*)(v — b) = RT, 

p is the pressure on one mol of gas occupying the 

volume v at the absolute temperature 7. R is 

the molar gas constant and a and 0 are the van der 

Waals constants. 

(a) What are the dimensions of a, b, and R? 

(b) Set up the van der Waals equation for 7 mols 
of gas, using the same values of a and 0 as are 
used in the equation for one mol. 

The van der Waals equation is a cubic in v. 

Under critical conditions of pressure and tempera- 

ture (pb = p, and T = T,) the three roots are 

equal and are designated as v,. Expand (v — »,)8 
and equate the coefficient of each power of v to the 
coefficient of the same power of v in the van der 

Waals equation. (Reduce the coefficient of v° 

to unity.) Solve the resulting equations to obtain 

a, b, and R in terms of p,, v,, and T,,. 


38. Given the van der Waals equation and that under 


critical conditions 6p/5v = O and 6°p/év? = 0, 
find the values of a, b, and R in terms of #,, v,, and 
7 

Let p = ap,, v = Bv,, T = yT, in the van der 
Waals equation. Using the results of problem 
37 or problem 38, derive the van der Waals re- 
duced equation of state, 


(a + 3/6)(38 — 1) = 8y. 


If one mol of a certain gas at a temperature of 
379.26°K (RT = 31122. cc. atm.) occupies 2000 
cc. under a pressure of 14.960 atmospheres and 
20,000 cc. under a pressure of 1.5500 atmospheres. 

(a) What is the pressure on one mol of gas when 
the volume is 4000 cc.? (T. = 379.26°) 

(b) What is the volume of one mol of gas under a 
pressure of 4.000 atmospheres at a tempera- 
ture of 436.27°K.? (RT = 35,800) 

(c) Estimate the critical constants of the gas 
from these data and the results of problem 
37 or problem 38. 


SOLUTIONS OF PROBLEMS 31-35 


[J. Cue. Epuc., 10, 577 (Sept., 1933) ] 
80.9/19.1 = Mo.c.-(735 — 417)/(18-417). 
Mo.c. = 80.9 X 417 X 18/(19.1 XK 318) = 100. 
r = &/yDkRT, 7? = €4/y*D*k?T?, dr = —e*dy/y*DkT, 
. e€2 3 44 
susie Dir) ia 
2 = <?/gDkT = y (whenr = Q). 
b = <2/aDkT = y (whenr = a). 


Since the variables are separated, the integrals may be 
evaluated separately. 


, ae ae 
f, @ = [6], = 2. 


T T 
f, sinédé@ = [— cos 6] = 1-— (-1) = 2. 


2 
[fermtear a f, ey: [- (sex) Jor 
aes e $23 - 
= (ser) if ery—4dy, 


(Putting the constant term outside the integral sign and 
canceling the minus sign by reversing the limits of the in- 
tegration.) 


oN e 3 'b 
Thus e~¥/kT = 45 (ser) J, evy—4dy. 


a In(NK/1000) 


e-w/kT ag NOT = ¢— In(NK/1000) 
= (NK/1000)-. (R = Nk) 


4rN e2 \3 (7 
8: ak “Secs eae pa 
K™ = 1000 pat) fre ‘dy. 





CORRESPONDENCE 


APROPOS OF “DISCOUNTING THE CHEMICAL FUTURE” 


EpiTor’s NoTtE: Among the several comments on his 
article in the July issue (pp. 399ff.) received by Mr. 
Williams Haynes was one which the author believed might 
be of interest to readers in general. An extract from the 
letter follows. 

“Thanks a lot for your ‘Economic Appraisal of the 
Chemist’s Career,’ which I read with great interest. 

“There can be no question of the desirability of 
chemists having greater economic knowledge, although 
I rather suspect that they already have on the average, 
and perhaps always have had, considerably more than 
they are given credit for and have been given credit for. 

“It is a man-sized job in these days of intensive 
growth of knowledge of every sort to become a com- 
petent chemist or chemical engineer. With the im- 
possibility of any one person really knowing all of the 
mathematical, scientific, technical, and commercial 
facts involved in any research or manufacturing prob- 
lem, the necessity of a sound economic background is 
greatly increased. A sound course in chemical eco- 
nomics (largely suggestive lectures) would be a desirable 
feature in any chemical curriculum, and well worth the 
time which would have to be taken from something 
else. ‘Horse sense’ or common sense is, it seems to 
me, a pretty good substitute for a detailed knowledge 
of economics. That is, however, a rare, God-given 
gift, like the genius of the poet, and I doubt very much 
whether any formal training will do very much to 
develop either one or the other. 


“Your remarks in the first part of your article on the 
personal problem of the student in chemistry particu- 
larly interested me. This individual problem is very 
much involved, yet not essentially different from that 
of every young man under our present system of re- 
wards. Like every workman, his major satisfaction 
no doubt comes from doing his work, provided he can 
maintain his intellectual independence. At the same 
time in a dollar or money civilization he must so steer 
his course as to get more or less his share of these very 
necessary counters without sacrificing his independence 
in too great a degree. This was quite possible in the 
days of medium-sized concerns, with free competition 
for any, man’s services. 

“The prizes in the lottery were perhaps not so large 
as where a few concerns dominate, but there were less 
blanks. Probably the study of economics would help 
any one in most wisely steering the profitable course 
and, even more important for the race, so wield his 
influence in the development of civilization as to further 
individual opportunity either by the careful curbing 
of private monopoly or in the more or less direct service 
of the state, if we must come to that. 

“Du Maurier somewhere said that the perfect 
Englishman required about the tenth attenuation of 
Hebrew blood, like the dash of salt in an omelet. 
Perhaps that is as good a recipe as any to meet the 
conditions of today. The danger is that an overdose 
brings on Hitlerism or its equivalent.” 





A SIMPLE APPARATUS FOR PREPARING ALDEHYDES. A WARNING 


C. JOHNSON anp C. E. BURKE 


McMaster University, Hamilton, Ontario, Canada 


On page 57 of the January, 1933, number (Vol. 10, No. 
1) of the JouRNAL oF CHEMICAL EpucaTION, an ab- 
stract outlines a simple apparatus for the preparation 
of aldehydes. To anyone using this apparatus we 
would like to give a warning, particularly as to the last 
paragraph of the article, which states, ‘If instead of 
suction a stream of oxygen gas is forced through the 
whole apparatus, the apparatus becomes more effi- 
cient.” While working along this line a violent explo- 
sion occurred. 

The apparatus was set up as illustrated in the article 
mentioned. Oxygen gas from a cylinder was passed 
through a bubbler and then via the “air inlet,’ through 


the alcohol in the flask, which was heated with steam. 
The copper coil was heated by means of an electric fur- 
nace to a dull red heat. The aldehydes formed were 
bubbled into a beaker of water, and ali went well for a 
time, but on increasing the supply of oxygen, an ex- 
plosion occurred, pulverizing the flask. 

The oxygen gas and alcohol vapor had formed an ex- 
plosive mixture which on coming in contact with the 
red-hot copper ignited and, flashing back into the flask, 
exploded it, throwing glass and burning alcohol out into 
the room. 

Several runs using air instead of oxygen were carried 
out successfully. 
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KEEPING UP WITH CHEMISTRY 


Craftmanship in chemical stoneware. T. R. Oxtve. Chem. 
& Met. Eng., 40, 369-71 (July, 1931).—It requires real skill to 
produce intricate pieces of stoneware to close measurements and 
make them mechanically strong. Machinery is used where pos- 
sible but manual dexterity remains the principal reliance. Turn- 
ing and grinding operations would gain nothing were the lathe 
and the abrasive wheel eliminated. But the potter’s wheel re- 
mains for forming buckets, pitchers, and jugs. Many other parts 
are made or finished by hand. ae: ow 

New inorganic heat carrier for super-temperature heating. T. 
Kayser. Chem. & Met. Eng., 40, 353-4 (July, 1933).—An ideal 
heat carrier should be manufactured at reasonable cost and pre- 
sent highest possible heat capacity. Working temperature of 
1650° to 1830°F. should be possible without decomposition. 
The substance should not corrode ordinary metals and should be 
as fluid as water within the widest possible range of temperature 
so that excessive pressures are not developed, thus avoiding 
dangerous stresses in heating apparatus. A new fluid known as 
“NS” fluid closely fulfils the ideal. It is a mixture of NaCl, 
AICl;, and FeCl. 7 Wo. 

Gas fuel improves the lime kiln efficiency. J. B. NEAty. 
Chem. & Met. Eng., 40, 356-7 (July, 1933). 
coal and wood by gas as fuel for lime kilns increases kiln capacity 
more than 50%, eliminates considerable labor, and gives a better 
and more uniform product. 

The Keystone Lime Works (Alabama) is described. 

5.28. 

Utilizing cast iron in chemical equipment. W. H. RorTHeEr. 
Chem. & Met. Eng., 40, 350-2 (July, 1933).—Modern metallurgi- 
cal methods are producing cast iron of increased strength and im- 
proved physical properties such as high resistance to chemical 
corrosion, to pressure, and to deformation by heat. Acetic, 
hydrochloric, and nitric acids can be made in cast iron retorts by 
the action of concentrated sulfuric acid on their respective salts. 
Sulfuric acid of 70% to 96% does not attack, but lower and 
higher concentrations than this have to be used with care. Sulfo- 
nators, nitrators, concentrating pans, and some stills may be 
made of cast iron. For products with an alkaline and neutral 
reaction the use of cast iron is unlimited. 

Although steel is of greater strength than cast iron it is more 
limited in its application as a corrosion-resisting metal. The re- 
sistance of cast iron to heat depends on the stability of the car- 
bides in the iron. 

Cast iron may be cast in a single piece of accurate dimensions. 

W.H 


Handling high pressures in chemical synthesis. R. V. KLEIN- 
scHMiIpT. Chem. & Met. Eng., 40, 361—4 (July, 1933).—A discus- 
sion of closures and gaskets; valves; the effect of compressibility 
factors on compressor design; thermal limitations of converters; 
and some principles of heat transfer applicable to sag og bed 
design. J. W 
A new structural era. Ind. Bull. of Arthur D. Little, Inc., AD, 
2-3 (July, 1933).—Back in the early nineties, the producers of 
aluminum foresaw the coming of aluminum’s structural era, but 
their ideas were conceived too early. The various industries 
were not ready to adopt it. Instead of aluminum trains, the pro- 
ducers had to content themselves with building up a great variety 
of applications of the metal. Today all-aluminum car construc- 
tion is no mere possibility, but a commercial reality. Car bodies, 
1. €., superstructures and underframes, were first built in 1931, 
and now comes the all-aluminum car in the form of a de luxe type 
combination passenger-coach-parlor-observation and a combina- 
tion sleeping-car-parlor-observation. With the exception of the 
wheels, axles, springs, and certain wearing parts, they are fabri- 
cated entirely of aluminum. They are on view at the Century of 
Progress in Chicago. The Union Pacific has recently announced 


a strictly modern, streamlined, articulated motor-driven train of 
aluminum to consist of three cars, the first of which is powered by 
a 600-h.p. distillate-burning internal-combustion motor. The 
transmission power to the axles will, of course, be accomplished 
by a standard electric drive. In the electric street-car field, 
several all-aluminum cars have been built. In all, 2000 cars and 
locomotives have been constructed with aluminum applications. 
The use of this metal in the construction of truck bodies and 
chassis has shown a marked increase during the depression. 
Overhead traveling cranes have been completely aluminized since 
the advent of strong aluminum-alloys. Closely akin to the use 
of aluminum in overhead traveling cranes is the use of the metal 
in dragline excavator equipment. Contractors on the Mississippi 
levee have been quick to grasp the significance of the aluminum 
boom and bucket, as have coal operators in Pennsylvania and 
highway engineers in the west. In building construction alumi- 
num enjoys the distinction of being the first metal to be used in 
the construction of complete building facades. Aluminum-alloy 
structural shapes were used in the construction of the framing for 
the dome of the palm house of the U. S. Botanic Gardens in 
Washington. The roof trusses are also of aluminum, as are many 
of the decorative details. Aluminum has entered the structural 
era of its existence because of its properties, and its diversity of 
forms and applications has prompted many present-day scientists 
to vision an Aluminum Age. GO. 

‘“Rostone.” Ind. Bull. of Arthur D. Little, Inc., 79, 3-4 
(July, 1933).—At a recent meeting of the American Chemical 
Society there was described a new synthetic building stone. It 
was developed in the laboratories of Purdue University by Prof. 
R. Norris Shreve and his associates. It is now patented and 
known as “‘Rostone.”” This new product resulted from the dis- 
covery that certain shales and slates will react with lime and mag- 
nesia in the presence of water at about 300°F. to give a material 
of great strength and bonding power. Since the temperature 
necessary is above the boiling point of water, the reaction must 
be carried out in a closed chamber to prevent the escape of steam. 
X-ray photographs indicate that under the action of steam the 
lime reacts chemically with the rock to form an exceptionally 
strong binder which is unusually resistant to chemical action. 
The shales and slates or other alumino-silicates are dried, ground 
to a fine dust, thoroughly mixed with slaked lime or magnesia 
and the proper amount of water, shaped preferably under a pres- 
sure of 2500 lbs., heated in a closed chamber with saturated steam 
at a pressure of 75 lbs. per sq. in. for two hours, cooled for an 
hour, and removed to the open air. The product is close-grained, 
tough, and not brittle, a pull of 1500 lbs. per sq. in. being required 
to break it. Compared with other building stones, only quart- 
zite and some of the toughest limestones surpass it. ‘‘Rostone’’ 
will undoubtedly become a welcome addition to artificial building 
materials. It can be readily cut, carved, sawed, and polished. 
It unites readily with metals, absorbs pigments, and can be com- 
bined with the well-known building boards, thus offering to the 
builder sound and heat-insulating material. It is higher than 
natural building stones and ordinary concrete. Among the ap- 
plications are bricks, flooring slabs, inside wall tile, decorated in- 
taglio tile, outside wall sections, vases, and other ornaments. 
‘*Rostone”’ provides a use for waste slate, marble, limestone, and 
granite. 

A comeback for lead. Ind. Bull. of Arthur D. Little, Inc., 79, 
4 (July, 1933).—Improved alloys which may foreshadow a new 
industrial significance for lead have been recently announced. 
At present the two major uses for lead are for storage batteries 
and for lead sheathing on electric cables. Its resistance to corro- 
sion has led further to its use in the chemical industries where 
lead-lined chambers are necessary for handling corrosive chemi- 
cals. Its mechanical weakness has been its drawback. The un- 
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alloyed metal, because of its softness, has to be supported for it 
“creeps” and buckles when exposed to varying temperatures, 
following application of any strain. Two English investigators 
have recently announced that the addition of as little as 0.06% 
of tellurium greatly improves the mechanical properties of lead 
as well as its resistance to corrosion. Tellurium, although a mem- 
ber of the sulfur family, has decided metallic properties. Tellur- 
ium+lead is said to crystallize in smaller crystals than ordinary 
lead and not to recrystallize at ordinary temperatures, conse- 
quently possessing twice the tensile strength of ordinary lead. 
Tellurium-lead pipe is reported to be superior to ordinary lead 
pipe in its resistance to deformation brought about by freezing. 
This is probably due to its improved strength under pressure and 
working, which distributes the strain so that the pipe expands 
more evenly. Solder and other lead alloys are claimed to be im- 
proved by the addition of tellurium. Reports are not yet avail- 
able regarding lead alloys for storage batteries. With new alloys, 
such as this, lead may recapture some of its lost markets and find 
new ones. G. O. 
Cement industry looks toward by-product potash recovery. 
P. E. Lanpott. Chem. & Met. Eng., 40, 345-9 (July, 1933).— 


Examination of the raw materials for cement manufacture indi- 
cates that at many cement mills the limestone, or shale, or clay 
contains potash and soda usually as silicates. 
ratio of K,0 to Na,O is 3 or 4 to 1. 


In most cases the 
Ordinarily one-half to two- 


Joseph Nicéphore Niepce, March 7, 1765—July 5, 1833. ANon. 
Nature, 132, 21 (July 1, 1933).—A century ago Niepce, a pioneer 
of photography, died near his birthplace, Chalon-sur-Saéne. 
After service in the army and in an administrative post, he re- 
turned home in 1801, and with his brother devoted himself to 
mechanical and chemical experiments. As a result of his interest 
in lithography, he conceived the idea of making pictures by the 
aid of thesun. Finally, after years of effort, he succeeded in ob- 
taining impressions on plates of polished metal sensitized with 
asphaltum. Some of these were shown at the Royal Society in 
1826. 

He became associated with Louis Jacques Daguerre (1789-— 
1851), who succeeded after Niepce’s death in placing photography 
on a practical basis, the first daguerreotype being produced in 
1839. 

Today both inventors are commemorated by statues; Daguerre 
at Corneilles and Niepce at Chalon, where in a small museum is 
preserved some of the apparatus used by Niepce in his notable 
experiments. F. B. B 

Chromium and uranium. “Classics of science.” Sci. News 
Letter, 24, 11-12 (July 1, 1933).—The ‘‘classic’’ on chromium 
consists of extracts from the original publication ‘‘Analysis of the 
red lead of Siberia; with experiments on the new metal it con- 
tains” by Citizen Vauquelin. (Memoir translated from the 
Journal des Mines, No. xxxiv.) In Nicholson’s Journal of Natural 
Philosophy, Chemistry and the Arts, vol. II, London: 1798. 

Chromium was first found as an impurity in the mineral red 
lead. Its discoverer named it chrome since in “‘its combinations 
with oxygen”’ there are green- and red-colored compounds. 

The ‘‘classic’’ on uranium is a literal translation of extracts 
from the original publication ‘‘Chemische Untersuchung des 
Urants, einer neuentdeckten metallischen Substanz’’ (Chemical in- 
vestigation of uranite, a newly discovered metallic substance) 
by Prof. Klaproth. In Chemical Annals for Friends of Natural 
History, Medical Science, Household Arts and Manufacturers: by 
Lorenz Crell, IX, 1789. 

Uranium was first found in pitchblende and is shown in this 
paper, by a rather involved system of analysis, as belonging 
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thirds of the alkali of the raw materials remains in the clinker 
produced. The balance is volatilized and carried off by flue 
gases in the form of fume having been converted into sulfate, car- 
bonate, or chloride. 

Potash recovery is dependent on the prime production of. port- 
land cement and on the price of potash salts obtained from large 
salt deposits. Unless the raw mix for the manufacture of cement 
contains over 0.75% K,O the amounts of water-soluble potash 
recoverable from the gases do not justify a recovery plant. 

Various companies are using Cottrell or Multiclone precipita- 
tors sometimes combined with a spray chamber. There is further 
opportunity for trial and development which may lead to even 
more promising results. 5: W. Et. 

Rice: a raw material for process industries. E. C. PATTEE. 
Chem. & Met. Eng., 40, 365 (July, 1933).—From the milling of 
rice are obtained hulls, bran, polish, screenings, and clean rice. 

The straw and hulls are possible sources of pentosans, crude 
fiber, and ash. The pentosans can be hydrolyzed to furfural, the 
fiber separated from cellulose, and the ash treated for recovery of 
the mineral content. 

Bran and polish are now used for cattle feed. They contain 
soluble fats which are valuable soap bases. The clean rice is 
chiefly valued for its starch, which at present is used by laundries 
and for cosmetics. j. Wu. 


HISTORICAL AND BIOGRAPHICAL 


‘‘neither to the zinc ores nor to the iron ores nor to the tungsten- 
containing minerals; moreover to none of the hitherto known 
mineral substances. ” The author continues, ‘“‘I give it the name 
uranite taken from the newest discovered planet, Uranus.” 

B.C. HH. 

Laughing gas. ‘A classic of science.’? Sci. News Letter, 23, 
362-3, 364 (June 10, 1983).—This ‘‘classic”’ is an exact reprint of 
extracts from the original publication contained in vol. III, 
“Researches, chiefly concerning nitrous oxide,’ ‘“‘The Collected 
Works of Sir Humphry Davy,” edited by John Davy, brother of 
Sir Humphry. (First published in 1800.) London: Smith, 
Elder & Co., Cornhill, 1839. 

In this excerpt the physiological effects of the gas upon Davy, 
upon a Mr. Coleridge, and upon a Mr. Wedgwood are reported. 
In none of these cases was complete anesthesia attained, though 
Davy reports insensibility to headache and to toothache during 
the period he was breathing the gas. Increased pulse, muscular 
vibrations, and loss of voluntary motion are other effects reported. 
In this account no mention is made of the traditional hysterical 
laughter supposed to accompany its inhalation. ee Gees 

Date and place of Priestley’s discovery of oxygen. ANON. 
Nature, 132, 25-6 (July 1, 1933).—In letters by R. M. Caven and 
P. J: Hartog additional data are brought to light regarding the 
date of this great discovery. 

It is probable that some of the early experiments on oxygen 
were made by Priestley when living at Lord Shelburne’s county 
residence at Bowood, near Calne in Wiltshire. Priestley had 
isolated this new gas in his laboratory ‘‘before the month of 
November, 1771.’’ Later, after referring to his experiments of 
August 1, 1774, Priestley says: ‘In this ignorance of the real 
nature of this kind of air I continued from this time (November) 
to the 1st March following.”” Hartog remarks that “for Priestley 
himself the date of the discovery of oxygen was March 1, 1775; 
and the place, London.” 

Priestley had evidently had the new gas in his hands both at 
Calne and at Lansdowne House in London long before the date 
usually given as that of its discovery, August 1, 1774, without 
recognizing its real nature. F. B. D. 


TEACHING OBJECTIVES, METHODS, AND SUGGESTIONS 


Individual and group projects in chemistry. O. J. WALRATH. 
Sci. Educ., 17, 128-80 (Apr., 1933).—The author describes some 
of the chemistry projects that have been worked out by the 
pupils in his classes. A suggested list of projects is a 

. M. P. 

Helping the chemistry beginner grasp formulas and nomen- 
clature flash cards. F.C. Courson. Sch. Sci. Math., 33, 
511-5 (May, 1933).—Names and formulas of chemical com- 
pounds are printed with 8-line and 6-line type on stiff white card- 
board 4 X 11 inches. The cards are then brushed with plain Duco 
to increase their life. Five series of cards are used by the author. 
He finds them useful for inspiring the student sooner fo memorize 
necessary valences and radicals and to acquire more rapidly the 
significance of prefixes and suffixes; and also as a help in giving 
effective drills in a few minutes. J. H. G. 


The versatile lantern slide. W.T.R. Price. Educ. Screen, 
12, 159-60, 176 (June, 1933).—The lantern slide can cover as 
great a field and lends itself to as varied uses as any other visual 
aid. The development of hand-made slides in contrast with 
photographic slides has greatly increased the availability of lan- 
tern slides for school use. Some subjects which lend themselves 
to reproduction upon hand-made slides are: original drawings, 
copied drawings, tracings, mounted specimens, typed or printed 
tabulations or outlines. Materials needed in the preparation of 
hand-made slides are varied both in character and cast. Perhaps 
the simplest of such materials are etched glass upon which a hard 
pencil will produce the diagram or figure. India ink can be used 
upon glass but is less satisfactory than ordinary ink upon protec- 
toid and traceoline. Protectoid (non-flour celluloid) i is very satis- 
factory for ink drawings and is not expensive. B.C. H. 





RECENT BOOKS 


A LABORATORY MANUAL OF GENERAL CHEMISTRY. C. E. White, 
Associate Professor of Inorganic Chemistry, University of 
Maryland. Third edition. National Capital Press, Inc., 
Washington, D. C., 1933. vi + 182 pp. 18 Figs. 1 Table. 
14 X 21.5cm. $1.00. 


“This laboratory manual is intended to furnish experimental 
work for an elementary college course’ and is written with the 
idea that the various exercises “‘precede the lecture.’’ Sufficient 
blank space is available only for the immediate recording of 
results. ‘‘The order of material is that of the usual standard 
text.” 

The author has no prefatory statement justifying the appear- 
ance of another manual in a field already crowded with somewhat 
standardized books. The reviewer cannot, therefore, opine to 
what extent the author has fulfilled the purpose of the book. 

The volume, both inside and out, is inexpensively bound, the 
cover being of a serviceable quality of brown paper. The de- 
scriptive material was made very compact by the almost indis- 
criminate employment of standard word abbreviations, of chemi- 
cal symbols and formulas, and of terseness of statement. The 
book is in need of a more judicious editing. A typical example 
of careless sentence structure is: ‘‘Which element should react 
the more easily with oxygen, lead or copper?” The droll- 
minded person would enjoy: ‘‘Add ten grams of sugar to 20 cc. 
of water and shake a few minutes,” or, ‘“‘Allow some air to be- 
come mixed with the other bottle and ignite it.” 

The first 111 exercises are devoted to a study of chemical prin- 


ciples and laws, and of the chemical behavior and physical char- 
acteristics of the several varieties of matter taken collectively 
and individually—a distribution of effort used by most authors of 


elementary chemistry manuals. In the main, the discussions 
are presented and the questions formulated in such a manner 
that the student cannot anticipate the experimental results. 
This should increase the student’s zest in acquiring the facts for 
himself. There is frequent reference to the “‘Periodic System.” 

The 112th exercise (7 pages) is a fairly compact systematic 
qualitative analysis procedure for the common cations. The 
arrangement of this procedure might be questioned as the various 
tests (steps) assume that the student will of his own initiative 
preserve every product—correctly identified—until he has fin- 
ished with that cationic group. In other words, the instructions 
are of the inter rather than of the vor type. The results and con- 
clusions for each test (identifications only) are given. Presum- 
ably it is intended that this exercise either shall constitute a 
brief introduction to systematic qualitative analysis or that the 
instructor shall present all of the chemistry involved. 

The reviewer cannot recommend the volume until the quality 
of the English can be cited as a model for the enterprising uni- 
versity student. Jesse E. Day 


Tue Onto STATE UNIVERSITY 
Co.LumsBus, OHIO 


A Text Book or Cuemistry. H. A. Wootton, M.A., Headmaster 
of the Perse School, Cambridge (England), and C. W. R. 
Hooker, M.A., Sometime Science Master at Highgate School. 
Cambridge University Press, London; The Macmillan Co., 
New York City, 1933. xii + 488 pp. 111 Figs. and 8 Illus. 
13 X 19cm. $1.75. 


This is a textbook intended for schools. In writing the book, 
the authors had in view rather more than a presentation of the 
usual facts of chemistry and generally accepted explanations. 
They rightly regard ‘‘chemistry as making its contribution with 
a variety of other subjects to that moulding of the mind which 
is called education.” They say: ‘The work is intended to 


cover the scope necessary for, among others, the School Certificate 
examinations.” 

The book is divided into two parts. Part I contains 35 chap- 
ters (319 pp.) in which the important facts and theories of ele- 
mentary chemistry are presented, 312 pp. being devoted to the 
non-metals and only 31 pp. to the metals. Part II is a labora- 
tory manual in which instructions are given for the performance 
of 95 experiments. 

In Part I the titles and order of the chapters are as follows: 
introduction; historical; the gas laws; oxygen; hydrogen; 
the molecular theory: (1) Avogadro’s law and molecular weights 
of gases; (2) some calculations; atoms, atomic weights and for- 
mule; water; solution; equivalent weights, law of Dulong and 
Petit, atomic weights; formule and equations; valency; air 
and nitrogen; acids, bases and salts; titration: acid salts; the 
halogens; carbon and its oxides; the simpler hydrocarbons; dif- 
fusion of gases; compounds of nitrogen: (1) ammonia; (2) 
oxides and acids; chemistry, energy and life; sulfur and its 
compounds; phosphorus and its compounds; silicon and boron; 
reversible actions, balanced actions and dissociation; freezing- 
point and boiling-point: ionic dissociation; electrolysis: ionic 
dissociation (contd.); oxidation and reduction, some common oxi- 
dizing agents; flame; metals: the alkali metals and the alkaline 
earth metals; industrial metals (non-ferrous); iron and steel; 
isomorphism. 

The textbook is quite conservative. To illustrate, radioac- 
tivity, atomic structure, and the electronic theory are not pre- 
sented. Since there is so much speculation in connection with 
the structure of atoms, something can be said for the omission 
of this topic in school chemistries. 

The usual facts and theories of chemistry are stated with lu- 
cidity, the language is excellent, and the style interesting. The 
authors say: ‘In presenting it we have not felt constrained of 
necessity to the mere statement of a fact in the dreariest and 
most matter-of-fact way. The days are gone when dullness 
was a quality to be counted upon in a school text book.” The 
reviewer is in hearty agreement with this statement. 

Contrary to the practice of American authors of school chem- 
istries, the periodic classification is omitted. In the opinion of 
the reviewer this is a mistake. 

Six pages are devoted toisomorphism. This is an unusual fea- 
ture for a school chemistry. 

The molecular and atomic theories are given careful and de- 
tailed consideration, including the determination of molecular and 
atomic weights. On the other hand, certain types of calcula- 
tions, such as the calculation of weights based upon chemical 
equations, are inadequately treated (see p. 88). This topic is 
greatly stressed in American schools and especially for entrance to 
college. 

Some teachers may object to the use of ‘“‘water of crystalliza- 
tion’”’ for the more modern term, ‘“‘water of hydration.”’ On p. 
180, the word ‘‘reactions” is used for ‘“‘equations for the reac- 
tions.” 

Part II of the text contains ample experiments for an adequate 
laboratory course. In general, the exercises are fundamental 
and they lay a solid foundation for future work. 

In the back of the textbook there are many excellent questions, 
principally from school certificates. Also, tables of atomic 
weights, logarithms, and antilogarithms. 

While the book as a whole does not entirely meet the require- 
ments of the College Entrance Examination Board (of the United 
States), it accomplishes well what the authors set out to do, and 
it deserves the careful consideration of teachers of chemistry. 


WILLIAM FOSTER 


PRINCETON UNIVERSITY 
PRINCETON, N. J. 
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A TEXTBOOK OF ELEMENTARY QUALITATIVE ANALYSIS. Carl J. 
Engelder, Ph.D., Professor of Analytical Chemistry, University 
of Pittsburgh. Second edition. John Wiley & Sons, Inc., 
New York City, 1933. viii + 248 pp. 15 X 23cm. $2.25 
net. 


The new edition of this well-known manual retains the same 
approach and treatment followed in the earlier edition published 
in 1927. [For review of former edition see J. CHEM. Epuc., 5, 
903-4 (July 1928).] The splendid plan of interweaving theory 
with laboratory directions constitutes one of the outstanding 
merits of the volume. In Part I, which deals with the theoretical 
basis of analytical chemistry, the discussion of reactions has been 
enlarged and introduced early in the book, so as to bring this 
difficult problem to the attention of the student early in the 
course. Oxidation and reduction equations are presented from 
the standpoints of both the ‘“‘valence-electrode” and “‘ion-elec- 
trode’ methods. In Part II, which contains the laboratory direc- 
tions for cation analysis, the discussions of the procedures have 
been enlarged, and some of the newer tests have been added, 
particularly for zinc, magnesium, and sodium. 

The mechanical aspects of the book are very pleasing. The 
binding is impregnated with pyroxylin to make it waterproof. 


UNIVERSITY OF ILLINOIS J. H. REEDY 
URBANA, ILLINOIS lini 


EXPERIMENTAL ORGANIC CHEMISTRY. James F. Norris, Pro- 
fessor of Organic Chemistry, Massachusetts Institute of Tech- 
nology. Third edition. McGraw-Hill Book Co., Inc., New 
York City, 1933. xiii + 2383 pp. 23 Figs. Experiments 
arranged under 266 headings. 14 X 20.5cm. $1.50. 


New editions of Professor Norris’ texts are welcome continua- 
tions and extensions of popular books in the field of chemistry. 
The work under review is the third edition, earlier editions having 
appeared in 1915 and 1924. In general the manual is the same as 
the 1924 edition. One chapter, fourteen pages, and fourteen 
paragraph headings have been added. 

Chapter II, General Processes, of the 1924 edition has been 
arranged into two chapters, the current Chapter II retaining the 
former title, and Chapter III receiving the separate title ‘‘Hydro- 
carbons of the Methane Series.”” The author’s statement in this 
third edition explains the object of certain expansions in Chapter 
II and elsewhere. ‘The novel feature of this edition is the intro- 
duction of experiments to illustrate the use of the more important 
physico-chemical principles which are applied in the preparation 
and study of organic compounds.” 

“Experiments are described to illustrate the use of cooling and 
distillation curves........, the factors underlying steam distilla- 
tion, and the use of the latter in the separation of substances and 
in the determination of molecular weights. A simplified method 
of determining molecular weights by the lowering of the freezing 
point of a solvent is also described. 

“Two quantitative methods which are important in the identi- 
fication of organic compounds have been introduced, namely, the 
determination of the saponification equivalent of esters and the 
determination of the neutralization equivalent of acids.” 

Relatively few new experiments dealing with the synthesis of 
compounds have been added. In this connection mention should 
be made of “‘the preparation of ethyl acetate in the presence of 
water to illustrate the use of ternary mixtures ........”’ Primu- 
line has been given more prominence in that its preparation is 
carefully described (p. 201). Especially to be commended is the 
preparation of o-benzoylbenzoic acid (p. 186) with the application 
of its conversion into anthraquinone. 

Improvements have been made in a few type syntheses, as for 
example, acetaldehyde (p. 93), aldehyde ammonia (p. 94), acet- 
amide (p. 100), succinic anhydride (p. 84), triphenylchloro- 
methane (p. 157), triphenylmethane (p. 159), methyl orange (p. 
198), and diazoaminobenzene (p. 169). 

The reviewer assumes that the author continueg to be guided 
by his former teacher, Ira Remsen, whose injunction was not to 
be too loquacious, in that he has not sought opportunity to intro- 
duce a larger number of preparations. The reviewer wishes that 
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further expansions might have been made but at the same time 
he is sure that Professor Norris has favored us with this edition, 
including enough that is new to hold our interest. 

The publishers have done their work acceptably, keeping to 
their high standards which have been subjects of favorable com- 
ment for many years. 


WEST VIRGINIA UNIVERSITY 
MORGANTOWN, WEST VIRGINIA 


FRIEND E. CLARK 


W. H. Carothers, Editor-in- 
vii + 


ORGANIC SYNTHESES, Volume XIII. 
Chief. John Wiley & Sons, Inc., New York City, 1933. 
119 pp. 3 Figs. 15 X 23cm. $1.75. 


Volume thirteen of this useful series of publications contains 
directions for the preparation of the following substances: 
allantoin, azelaic acid, the azlactone of a-benzoylamino-f-(3,4- 
dimethoxyphenyl)-acrylic acid, benzalphthalide, $-benzoylpro- 
pionic acid, n-butyl borate, iso-butyl bromide, butyroin, m- 
chlorobenzaldehyde, 1,4-dibenzoylbutane, 2,4-dinitrophenylhy- 
drazine, diphenyl triketone, ethoxyacetic acid and ethyl ethoxy- 
acetate, fluorobenzene, p-fluorobenzoic acid, methoxyacetoni- 
trile, methyl iodide, a-methyl-a-phenylhydrazine, methyl iso- 
propyl ketone, 1-nitro-2-acetylaminonaphthalene, 2-nitrofluorene 
and 2-aminofluorene, 1-nitro-2-naphthol N-nitrosomethylaniline, 
nitrosomethylurethane, perbenzoic acid, o-propriophenol and 
p-propriophenol, o-toluamide, sym.-tribromobenzene, tricarbo- 
methoxymethane, and veratric aldehyde. 

The appendix contains later references to preparations in the 
preceding volumes, and additions and corrections to preceding 
volumes. 

The preparations listed above are well chosen, and include 
a number of important and useful materials. Print, paper, and 
binding are of good quality. 


UNIVERSITY OF MARYLAND 
COLLEGE PARK, MARYLAND 


NATHAN L. DRAKE 

PHASE Rue Srupres. J. E. Wynefield Rhodes, B.Sc., A.I.C., 
M.I.Min.E., Lecturer in Physical Chemistry, Municipal Tech- 
nical College, Blackburn. With an introduction by E£. L. 
Rhead, Lecturer in Metallurgy and Assaying in the University 
and College of Technology, Manchester. Oxford University 
Press, New York City, 19383. x + 131 pp. One halftone 
plate + 58 Figs. 12.5 X 18.5cm. $2.25. 


Professor Rhodes’ avowed purpose in writing this book was 
to make the phase rule more attractive and more speedily useful 
to the chemist. To do this, exploration of many interesting by- 
paths must be foregone. However, this is probably advantage- 
ous for the novice. To see practical applications of the phase 
rule through a swarm of examples, exceptions, etc., is not easy, 
but is usually necessary to a sustained interest. 

To be frank, the reviewer was sceptical that the subject could 
be treated successfully from this angle. This doubt was entirely 
removed after careful reading. Professor Rhodes has produced a 
splendid little book that is worthy of consideration by any teacher 
of the phase rule. In it are all the essentials and sufficient prac- 
tical applications to whet the appetite for a more detailed knowl- 
edge of the subject. ‘‘Phase Rule Studies’ cannot, by any 
stretch of the imagination, be considered a reference work. 
Nevertheless, one who studies it carefully will certainly know 
“what it is all about’ and will acquire some ability in the use of 
phase theory and diagrams. 

Literature references are not abundant but are sufficient for 
a work of this kind. Especially commendable is the informal, 
friendly tone of the book. One cannot help but feel that the 
author has a sympathetic understanding of a student’s difficulty 
with the subject and is sparing no effort to make it clear and logi- 
cal to him. The frontispiece is a very beautiful photomicro- 
graph of augite granophyre. The description accompanying 
it almost compels one to read on and discover how the phase 
rule makes possible the interpretation of Nature’s book. 

For these reasons, ‘‘Phase Rule Studies’’ is highly recommended 
wherever an unusually good elementary treatment is required. 


UNIVERSITY OF MARYLAND Matcotm M. HarInc 
COLLEGE PARK, MARYLAND 
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HANDBOOK OF MATHEMATICAL TABLES AND ForMuLAS. Richard 
Stevens Burington, Ph.D., Dept. of Mathematics, Case 
School of Applied Science. Handbook Publishers, Inc., San- 
dusky, Ohio, 1933. iv + 251 pp. 57 Figs. 13.5 X 19.5 
cm. $2.00. Special price to students and teachers—$1.25. 
Burington’s handbook aims ‘‘to meet the needs of students in 

mathematics and other subjects requiring mathematical com- 

putations” ... and “to supply the mathematical requirements of 
the workers in other fields of science, such as chemistry, physics, 
and engineering.” The detail with which the mathematical 
formulas and the explanations of the tables are presented should 
assure the fulfilment of this aim. The material in part one may 
serve as an outline for a general review of the elementary branches 
of mathematics, including vector analysis. From a chemist’s 
standpoint, however, there is little useful information in this 
handbook that is not already available in chemical handbooks. 


THE UNIVERSITY OF WISCONSIN Pau C. Cross 
MADISON, WISCONSIN i 


TWENTY-FIVE YEARS OF CHEMICAL ENGINEERING PROGRESS. 
Silver Anniversary Volume of American Institute of Chemi- 
cal Engineers. Edited by Sidney D. Kirkpatrick. Published 
for the Institute by D. Van Nostrand Co., Inc., New York City, 
1933. ix + 387 pp. 15 X 23cm. $4.00. For sale through 
Office of the Executive Secretary, Bellevue Court Bldg., 
Philadelphia, Pa. 

Twenty-five years of chemical engineering achievement in 
America in virtually all branches of the industry is summarized 
in the twenty-five essays by recognized authorities comprising 
this volume, published by the American Institute of Chemical 
Engineers on the occasion of the Silver Anniversary of its found- 
ing in 1908. Individually each essay reviews the progress made 
during the last quarter century in a definite industrial field. Col- 
lectively they portray the stirring epic of the birth and growth of 
chemical engineering in America and the events that in a mere 
twenty-five years have transformed it from a formless conglomer- 
ate of chemistry and engineering into the crystalline structure of 
a new profession, recognized today as a definite branch of engi- 
neering. 

Fortunate, indeed, it is that most of the men who have shaped 
the destiny of chemical engineering are still in active service and 
have contributed in this volume from a wealth of professional 
experience that covers the entire period under discussion. Arthur 
D. Little, the dean of American chemical engineers, traces the 
history of research and touches on the most significant develop- 
ments in this line and their implications to manufacturer, banker, 
and the general public. E. R. Weidlein, Director of Mellon In- 
stitute of Industrial Research, in collaboration with L. W. Bass, 
presents a statistical survey of the economics of the chemical 
industries for the period 1909-31, showing, among other things, 
the number of establishments, wage earners, and salaried employ- 
ees in the different branches of the industry, together with data 
on wages, salaries, cost of materials, value of output, and manu- 
facturing profits. Manufacturing indexes of different industries, 
fuel and power consumption, exports and imports, and financial 
aspects, too, are set forth in tabular form with explanatory notes. 

Other contributors discuss specific rather than general fea- 
tures of certain chemical industries. For example, W. S. Landis, 
of American Cyanamid Co., discusses advances in the electro- 
chemical industries; F. C. Frary, of Aluminum Company of 
America, writes on electrometallurgical progress with special 
emphasis on the ferroalloys; and A. T. Weith and A. V. H. Mory, 
both of Bakelite Corp., review plastics as an old industry recently 
revitalized by modern chemical technic. George Oenslager, of 
B. F. Goodrich Co., this year’s Perkin Medallist, reviews the 
chemical and engineering advances in the rubber industry, espe- 
cially in connection with accelerators; H. W. Sheldon, Socony- 
Vacuum Corp., traces cracking developments in petroleum re- 
fining; and C. O. Brown, of the Chemical Engineering Corp., dis- 
cusses chemical engineering’s most brilliant recent development, 
high-pressure synthesis, with special reference to hydrogenation 
of petroleum, the making of synthetic ammonia, and methanol, 
the design of equipment and the selection of catalysts. 


JoURNAL OF CHEMICAL EDUCATION 


Twenty other no less distinguished chemical engineers write 
on a quarter century’s trends in their particular fields which 
range all the way from chemical engineering education to water, 
sewage, and trade waste treatment and from acids and heavy 
chemicals to sugar, paper, glass, and paint making. Asa broad 
and fascinating portrayal of the whole development of chemical 
engineering in America in its myriad forms, this volume has a 
place in the library of every chemical engineer, in the plant and 
laboratory reference room, and in the schools and colleges where 
the embryo chemical engineer first envisions the career that 
lies ahead in his elected profession. 


MISCELLANEOUS PUBLICATIONS 


‘““‘DECHEMA”’ TATIGKEITSBERICHT, 1932. Dechema, Seelze near 
Hanover, Germany, 1933. 7 pp. 21 X 29.5 cm. Gratis. 
The Report of the “‘Dechema,”’ German Association of Makers of 

Chemical Apparatus for the Year 1932 has just appeared. The 

pamphlet gives in concise form a review of the program of work 

of the ‘“‘Achema,’’ which, notwithstanding the ever-increasing de- 
pression in trade circles which prevailed until about October, 

1932, has been successfully carried out in full. Details are given 

in the ‘‘Report”’ on the progress which has been made in technical 

science, the work of the committees which deal with important 
questions in connection with chemical apparatus and plant 

(e. g., Standardization), the granting of financial support for the 

investigation of problems relating to technical and scientific 

questions, and the ‘‘Achema’’ Chemical Engineering Exhibition 

which will take place in Cologne, May 18-27, 1934. 

Indexes of the ‘“‘Norm’’ leaflets on Standardization of Chemi- 
cal Apparatus and Plant of the ‘‘Dechema,’’ which have appeared 
up to the present, and of the ‘‘Norm’’ leaflets now in preparation 
are also published in the pamphlet. 

This report may be had gratis until the supply is exhausted, 
from the Management Offices of the ‘‘Dechema,”’ Seelze near 
Hanover. 


THE PRACTICE OF SPECTRUM ANALYSIS WITH HILGER INSTRU- 
MENTS. Sixth edition. Adam Hilger, Ltd., 98 Kings Road, 
London, N.W.1., England, 1933. 58 pp. 15.5 X 24.5 cm. 
3s.6d. net. 

The steady demand for this practical treatise on spectrum 
analysis has necessitated the production of a further edition, and 
the opportunity offered has been employed to effect a very thor- 
ough revision of the work. While the chapter headings remain 
practically unchanged the chapters themselves have been over- 
hauled and matter which has passed its period of usefulness re- 
jected. This has enabled a considerable bulk of new material to 
be included without increasing to any marked extent the size of 
the book. 

The main alterations are to be found in the chapter dealing 
with quantitative spectrum analysis, and the recent advances 
in this part of the field are covered in detail. The use of the 
logarithmic wedge sector is discussed at length and the work done 
by its means is reviewed. The use of the microphotometer comes 
in for examination, while other aspects of the subject to which 
attention is devoted are the new ratio quantitative system, and 
the possible attainment of higher accuracy in quantitative analy- 
sis. 

In other sections the discussion of, for example, the photo- 
graphic plate and its characteristics has been extended, while 
entirely new material appears in the form of notes on the effect 
of polarity in the arc, on the preliminary treatment of specimens, 
etc. Throughout, the endeavor has been made to render the book 
as useful as possible to the man who uses the spectrograph. 


BIBLIOGRAPHY OF SCHOOL BUILDINGS, GROUNDS, AND EQuIpP- 
MENT. Parts II and III. Henry Lester Smith and Forest 
Ruby Noffsinger. Bureau of Codperative Research, School 
of Education, Indiana University, Bloomington, Indiana, June, 
1933. Part II, 182 pp.; Part III, 130 pp. 15 X 22.5 cm. 
$0.50 per volume. A limited number/)of copies of the bulletins 
will be distributed free of charge. 





Silver plaquette by Roty, struck in commemoration of the seventieth, 


birthday of Louis Pasteur (December 27, 1892). 


From the collection of Lyman C. Newell. 





EDITOR’S 


HICAGO MEETING. Because of the incom- 
C patibility between the dates of the American 
Chemical Society meeting and our copy schedule 
it is impossible to include a full report in this number. 
Therefore it seems desirable to devote this space to a 
brief account of the chief events likely to prove of gen- 
eral interest while they are still fresh in the memory. 
Monday morning was, as usual, devoted chiefly to 
registration and to the location and greeting of old 
acquaintances. A few of the impatient also found time 
to make a preliminary visit of exploration to the World’s 
Fair. The afternoon marked the beginning of divi- 
sional meetings, including the interesting session of 
the Division of History at which many members 
of the Division of Chemical Education attended. 

The single session of the Division of Chemical Edu- 
cation was held on Tuesday morning, followed by the 
Division luncheon at the Auditorium Hotel. Both 
occasions brought forth many heart-felt expressions of 
regret at the absence of Chairman Lyman C. Newell 
and Vice-chairman Louis W. Mattern, each prevented 
from attendance by reason of illness. Professor Wil- 
helm Segerblom, however, stepped into the breach and 
conducted the Division session with efficiency and dis- 
patch. Aside from the reading of papers and commit- 
tee reports the chief items of business were the approval 
of some minor revisions in wording of the constitution 
and by-laws of the Division and the election of officers. 
Ross A. Baker was elected Chairman, and M. J. Ahern, 
Vice-chairman. 

Dr. B. S. Hopkins acted as master of ceremonies at 
the Division luncheon, introducing Dr. Gustav Egloff, 
Dr. W. A. Noyes, and Mr. Harvey F. Mack. Mr. 
Mack presented a clear picture of the present financial 
status of the JouRNAL and of the prospects for the im- 
mediate future, emphasizing the availability of special 
subscription rates for student groups. 

The editors’ dinner on Tuesday evening was well 
attended. The discussion was for the most part com- 
pletely informal. Not the least interesting feature of 
it was the clear exposition of various phases of the me- 
chanics and economics of periodical publication given 
by Mr. Mack in response to questions raised by several 
of the contributing editors. 

At least one proposal advanced at the editors’ meet- 
ing is of general interest to JOURNAL readers and should 
not culminate in a definite decision without expressions 
of opinion from them. This proposal was for the 
abandonment of the abstract section on the ground that 
the space devoted to it could be more profitably em- 
ployed in the presentation of an additional short article 
each month. It was contended that most people 
sufficiently interested in chemistry and chemical educa- 
tion to subscribe to the JOURNAL probably also arrange 
to have access to Chemical Abstracts and to at least some 
current educational literature. 

The editors adjourned in time to enjoy the “moon- 
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light” steamer excursion provided by the hospitality of 
the local A. C. S. section. Judged either by the size of 
the attendance or by the obvious enjoyment of the 
excursionists the event was an unqualified success. 

Wednesday was an open day for all divisions. Dur- 
ing the morning the George Herbert Jones Laboratory 
of The University of Chicago held open-house. The 
afternoon was devoted to the general meeting of the 
Society. C. E. K. Mees spoke on ‘“‘Photographing the 
Rainbow,” W. F. G. Swann on “Cosmic Rays,” F. C. 
Frary on “Research on Metals and Alloys,” and C. R. 
Downs on ‘“‘Maleic Acid and Phthalic Anhydride.” 

The Willard Gibbs dinner on Wednesday evening, 
at which the Gibbs medal was awarded to Richard 
Willstatter, taxed the Grand Ballroom of the Stevens 
Hotel to capacity. Dr. Julius Stieglitz made the pres- 
entation address, to which Dr. Willstatter replied in 
perfect English. The other distinguished foreign 
guests of the Society—Drs. Barger, Brgnsted, and Kar- 
rer—were introduced, as were the previous medal re- 
cipients present—Leo H. Baekeland, Willis R. Whit- 
ney, W. A. Noyes, Julius Stieglitz, Moses Gomberg, 
and Edward Curtis Franklin. Music and dancing 
followed. 

Thursday afternoon’s joint session of the Divi- 
sions of Medicinal, Biological, and Organic Chemistry 
was in effect another general meeting of the Society. 
Dr. Willstatter spoke on “Recent Problems on the 
Nature of Enzymes,” Dr. Karrer on ‘“The Chemistry of 
Vitamins A and C,” and Dr. Barger on “Hormones.” 

Thursday evening’s program was held in the Court 
of Honor of the Hall of Science at the Exposition and 
included President Lamb’s address on ‘‘A Century of 
Progress in Chemistry,” the presentation of the A. C. S. 
award in pure chemistry to F. H. Spedding, and a re- 
ception for the foreign guests. 

On Friday afternoon and evening Northwestern Uni- 
versity was host to the Society. Unfortunately the 
editor was prevented by other business from reporting 
at first hand on the Northwestern trip, but all accounts 
were highly appreciative. 








Dazzled by the effulgence of the 
achievements of our own age in 
pure and applied science, we are 
sometimes prone to overlook the 
no less remarkable feats of the 
ancients. We do well to remind 
ourselves occasionally that we are 
in reality witnessing the cumula- 
tive and exponential workings of a 
discipline and a method, rather 
than the direct outcome of our own 
sapience. In this connection the 
account of early Hindu metallur- 
gical lore and the descriptions of 
various extant Indian relics pre- 
sented by Professor Bhagvat should prove both illuminating and edi- 
fying. The tron pillar here depicted is no less remarkable for its 
durability than for the ingenuity which must have been employed to 
fabricate it with the rather crude means available to its makers. 
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IS GOITER DUE @ an 


IODINE DEFICIENCY PER SE? 


HAROLD LEVINE anp ROE E. REMINGTON 


From the Department of Nutrition of the Medical College of the State of South Carolina at Charleston 


A review of the literature is made with the purpose of 
citing and commenting on experimental evidences that 
factors other than iodine per se are concerned in the etiol- 
ogy of goiter. Factors such as cabbage, calcium, light, 
temperature, seasonal variation, endocrine glands, vita- 
mins, infection, and chemical stimulation are discussed in 
connection with their possible influence on goiter. A 
suitable dietary technic for the production of goiter in the 
rat useful in the study of various goiter problems is also 
described. 


+++ + + + 


O SUM up in a sentence what we know regarding 

the normal function of the thyroid gland one may 

say that the thyroid gland, through its iodine- 
containing hormone (thyroxin), provides a means for 
maintaining a higher rate of metabolism than would 
otherwise obtain and also provides a means for varying 
the rate of metabolism to meet changing physiologic 
needs. On the basis of our present knowledge of the 
function of the thyroid (1), the diseases associated with 
disturbances of its function may be divided into two 
broad groups as follows: 


I. Thyroid insufficiencies: (a) Simple goiter (en- 
demic, sporadic), (6) infantile (cretinism) and 
adult (Gull’s disease) myxedema. 

II. Graves’ disease (exophthalmic goiter). 


Simple goiter and Graves’ disease occur quite fre- 
quently in human beings whereas cases of infantile and 
adult myxedema occur less frequently. Cretinism and 
myxedema are thyroid diseases due to a more or less 
complete lack of thyroid secretion resulting in a loss of 
thyroid function. Cretinism originates during fetal 
life or infancy, whereas myxedema occurs in the adult 
whenever the thyroid gland is diminished in amount 
by atrophy or operative removal to such an extent that 
the secretion (thyroxin) is seriously diminished. 
Simple goiter occurs most frequently in children and is 
manifested by an enlargement of the thyroid gland in 
the neck. In advanced cases of simple goiter, there is 
also a lowered rate of heat production in the body, 
1. @., a lowered basal metabolic rate. On the other 
hand, exophthalmic goiter, which occurs most fre- 
quently in adults, differs essentially from simple goiter 
in that there is an increased rate of heat production as 
well as an enlargement of the gland. Reviews (1-8) on 
the subject of goiter and on its relation to iodine have 
appeared in the literature. 
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The element, iodine, present in high concentration 
(about 8 mg. per adult gland) in the normal thyroid 
gland, is intimately connected with both forms of 
goiter. The thyroid requires iodine so that it may 
elaborate the iodine-containing hormone—thyroxin— 
which is secreted into the blood and then serves to aid 
in maintaining a normal rate of heat production in the 
body. In simple goiter, there is apparently a sub- 
normal production of thyroxin whereas in exo- 
phthalmic goiter it is believed that there is either an ex- 
cessive amount of thyroxin or an abnormal thyroid sub- 
stance secreted into the blood. The thyroid changes 
in Graves’ disease appear to be secondary to some ob- 
scure derangement of the visceral nervous system. The 
cause of exophthalmic goiter is unknown. Kendall 
(9) has published a monograph on the physiology and 
biochemistry of thyroxin. 

In the case of simple goiter, it was believed until 
quite recently that the physiological requirement for 
iodine is a fixed quantity and, that where this form of 
goiter occurs, it is due to a lack of iodine per se in the 
food and in the drinking water. The more recent 
studies, however, tend to indicate that there are other 
factors that increase the needs of the body for the iodine- 
containing hormone (and hence for iodine) and which 
play a réle in the development of simple goiter. Thus, 
in 1928, Marine (1) wrote: 


As a result of the numerous studies on the relation of iodine 
to the thyroid gland our present views regarding the cause of 
goiter assume that it is a compensatory or work hypertrophy of 
the thyroid depending upon a relative or absolute deficiency 
of iodine. This deficiency of iodine may be due to: 

(1) Factors which bring about an abnormally low intake of 

iodine. 5 

(2) Factors which interfere with the absorption or utilization 

of an otherwise adequate intake. 

(8) Factors which increase the needs of the body for the 

iodine-containing hormone. 


Foods, soil, and water having a low content of iodine 
are the factors which bring about an abnormally low 
intake of iodine, resulting in goiter by virtue of an iodine 
deficiency per se. We have no definite information at 
present of factors which cause an interference with the 
absorption and utilization of an otherwise adequate 
amount of iodine. It is conceivable that intestinal 
bacteria or the lack of some vitamin or hormonal factor 
could divert part of the normal iodine intake or prevent 
its utilization. Some evidence has been accumulated 
concerning the factors which create an increased need 
for iodine in the body. It is the purpose of this article 
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to review and to comment on the existing evidence 
indicating that such goitrogenic factors do exist, and 
that consequently the daily requirement for iodine may 
be a variable, depending on the influence of these fac- 
tors. Some recent studies indicating that factors other 
than iodine are also concerned in the etiology of exo- 
phthalmic goiter will be reviewed. 


CABBAGE GOITER 


Perhaps the most important recent contribution in 
the field of experimental goiter has been the finding of 
Webster, Chesney, and Clawson (10-15) that the feed- 
ing of cabbage to rabbits brings about goiter in a rela- 
tively short time. The goiter so produced exhibits 
physiological and pathological reactions resembling 
simple goiter in the human. Marine and his associates 
(16-18), McCarrison (19), and Hercus and Aitken 
(20) have confirmed this finding. The presence of 
cabbage in the diet exhausts the store of thyroxin in the 
gland, thereby creating an increased demand for iodine. 
This finding is evidenced by the fact that the rest of 
the diet—hay and oats—when fed alone does not 
produce goiter. As to the mode of action of the goitro- 
genic agent, the data available suggest that it acts by 
depressing some oxidation system of the body, and in an 
attempt to overcome this depressant action, the thyroid 
gland is stimulated to increased activity. Marine and 
his associates dismiss the possibility that the goiter 
due to cabbage feeding is dependent upon an absolute 
iodine deficiency. It can, however, be prevented by 
simultaneously administering iodine to compensate for 
the activity of the cabbage. 

In continuing their investigations to ascertain the 
nature of the goitrogenic substance in cabbage, Marine, 
Webster, and co-workers have reported the following 
findings: 

(1) There is a seasonal variation in the goitrogenic 
activity of cabbage, winter cabbage being more potent 
than summer cabbage (15, 17). McCarrison (19) has 
confirmed this finding. 

(2) Other members of the Brassica group of vege- 
tables (Brussels sprouts and cauliflower) tend to pro- 
duce goiter, while lettuce and carrots do not (16). 
Some plants exhibit antigoitrogenic action (21). 

(3) Cabbage dried in air or in vacuo loses its goitro- 
genic power (22). 

(4) The active factor can be extracted by means of 
various extractives such as ether and acetone, thus 
locating the goiter-producing substance in the fatty 
fraction of cabbage (23). The goitrogenic substance 
is volatile (23). 

(5) Steaming the cabbage for 30 minutes increases 
its goitrogenic potency. When this steamed cabbage 
was pressed, the residue or cake contained all of the 
active substance, while the juice contained none (16). 

(6) The active substance is not soluble in water 
either at room temperature or at 100°C. Mild acid 
hydrolysis does not destroy it, while alkaline hydrolysis 
appears to extract or destroy it (24). 
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(7) Carbon-arc irradiation of cabbage increases its 
goitrogenic potency (25). Westra and Hunter (26), 
however, were unable to impart goitrogenic activity to 
a non-goitrogenic variety of cabbage by ultra-violet light 
irradiation. 

In more recent studies (27-30), the same investiga- 
tors tested the possible goitrogenic effect of various or- 
ganic cyanides when injected into rabbits, rats, and 
mice. This study was made for the reason that mus- 
tard oils (isothiocyanates), which are the most character- 
istic constituents of the Brassicacee (all of which pro- 
duce goiter), yield cyanides on hydrolysis. All the 
cyanides studied produced goiter in the rabbit in vary- 
ing degrees, CH;CN being the most potent. Iodine 
fed with the cyanide protected the animal from goiter. 

The work of the above investigators on the goiter- 
producing effects of cabbage represents a clear-cut 
demonstration that a dietary factor other than a lack or 
deficiency of todine per se can be responsible for goiter. 
Thus, Webster (15) writes, ‘‘we are dealing with a goi- 
trogenic agent much more powerful than any iodine-de- 
ficient diet.” It is significant, however, that if enough 
iodine is added to the diet to care for the increased 
demand created by the cabbage, then goiter does not 
result. In other words, goiter always eventually re- 
sults because of an iodine deprivation. The fact that 
goiter can be easily produced by feeding cabbage to 
experimental animals affords the investigator a method 
which should make possible the study of many aspects 
of goiter which have hitherto been obscure. 


CALCIUM 


The element calcium has recently assumed impor- 
tance in the etiology of goiter for the reason that several 
investigators have reported the production or the en- 
hancement of goiter when an excessive amount of cal- 
cium is ingested and also because in the development of 
goiter there appears to be a retention of this element in 
the body. Using lime, calcium chloride, or calcium 
carbonate in conjunction with diets low in iodine, 
various workers (31-35) have reported in different ex- 
perimental animals an increase in the size of the thyroid 
gland and an enhancement of the degree of glandular 
hyperplasia. On the other hand, Simpson (36) could 
not produce thyroid enlargement in the rabbit by the 
addition of lime to the dietary, while McCarrison (37) 
reports that lime added to the diet did increase inci- 
dence of goiter in rats. As a result of studies in which 
calcium chloride, calcium lactate, or sodium chloride 
were added to the drinking water of rats, Hibbard 
(35) reports evidence indicating that in calcium chloride 
administration, it is the chlorine ion which is goitrogenic 
rather than the calcium ion. 

The contention that calcium is one of the factors con- 
cerned in goiter receives strong support from the find- 
ings of Stott and co-workers (38, 39) in India and of 
Ibrahim (40) in Egypt to the effect that goiter is related 
to the high calcium content of the drinking water. 
Kupcis (41), however, reports that calcium in the drink- 
ing water does not affect goiter. As to the mechanism 
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of the goitrogenic action of calcium, Stott (39) believes 
that an excessive calcium intake renders the thyroid 
colloid (which contains the iodine) stiffer and the thy- 
roid membrane less permeable. Oral administration of 
iodine is said to render such rigid colloid more watery 
and its absorption easier. Additional evidence as to 
the réle of calcium is reported in findings of other work- 
ers. Thus, Maxim and Vasilin (42) report that in dogs 
whose thyroids have been removed there is a slow in- 
crease in the calcium content of the blood serum. 
Montanari (43) reports similar results. Parhon and 
co-workers (44) found that the feeding of thyroxin or of 
dried thyroid to dogs producesa decrease in bone calcium. 

There is also evidence that disturbances of thyroid 
function are accompanied by or are responsible for dis- 
turbances of calcium metabolism. Perhaps the best 
evidence to this effect is the finding of Baumann, 
Kurland, and Metzger (45) that in goiter produced in 
the rabbit by cabbage feeding, there is a definite reten- 
tion of calcium, phosphorus, and magnesium in the 
body. When iodine is administered to cure such 
goitrous animals, there is then a restoration of the bal- 
ance of these elements by increasing the amounts ex- 
creted. Asa result of their findings, Baumann and co- 
workers (45) state that they “have reason for inferring 
that calcium retention is directly associated with the 
development of simple goiter.’’ Both Ranganathan 
(46) and Sandberg and Holly (47) have confirmed the 
findings of these workers. That cabbage feeding raises 
the calcium content of blood serum is reported both by 
Culhane (48) and by Dupré and Semeonoff (49). Aub 
and co-workers (50) report that the calcium excretion 
in myxedema is markedly diminished below that found 
in normal individuals, whereas in patients with ex- 
ophthalmic goiter the excretion of this element is 
markedly above the normal. They also report that 
the ingestion of thyroid by normal individuals likewise 
increased the calcium elimination. Jansen (5/) study- 
ing the blood calcium in various abnormal conditions 
in human beings finds that in hyperthyroidism the blood 
calcium is low, 8.4 to 9.2 mg. per 100 cc. as against the 
normal standard of 11.5 mg. On the other hand, in 
hypothyroidism the blood calcium is high. In experi- 
ments on rabbits, Hogben and Charles (52) found that 
the injection of an anterior pituitary extract which 
produces a condition analogous to hyperthyroidism 
brings about a lowering of the blood serum calcium. 
As is known, the level of calcium ions in the blood is 
one of the factors controlling nervous excitability. 
The possibility suggests itself that the nervous hyper- 
excitability characteristic of hyperthyroidism, and the 
dullness and lethargy characteristic of hypothyroidism 
may be, at least in part, due to these differences in blood 
calcium. Bircher (53) recommends the administration 
of calcium to counteract the over-excitability of hyper- 
thyroidism. 

The above résumé of the literature on calcium in its 
relation to goiter indicates that there is much contra- 
dictory evidence and that further investigation is 
needed to aid in clarifying the réle of this element. 





LIGHT 


Light has recently assumed importance as a possible 
factor in the etiology of goiter. Sorour (54) found that 
rats kept in darkness developed enlarged thyroid glands 
4 to 5 times the size of the glands of animals kept in 
strong daylight. In experiments with rats on a rickets- 
producing ration, Clausen (55) found that animals re- 
ceiving infra-red rays developed enlarged and hyper- 
plastic thyroid glands whereas litter mates irradiated 
with ultra-violet light had normal thyroids. Bergfeld 
(56) reports that rats kept in the dark develop hyper- 
plastic glands while those in daylight show normal 
thyroids. Ina later paper, Bergfeld (57) made a study 
of the effects of various wave-lengths of light on the 
thyroid by exposing groups of rats to sunlight which 
had passed through various glass filters forming the 
sides of the animal cages. He concluded from his ex- 
periments that “‘the cause of endemic goiter is not a de- 
ficiency of iodine alone but also a lack of ultra-violet 
rays of wave-length 318-280 my. Goiter can be pre- 
vented or hindered by these rays. The agent in the 
body causing goiter is directly influenced by rays at 
318-280 my.” Bergfeld was also able to show that 
when extracts of the skin of irradiated rats were injected 
into rats kept in the dark, there was a change in the his- 
tological appearance of the thyroid toward normal. 
In this connection, the results of Nitschke (58) are im- 
portant. This investigator found that when irradiated 
ergosterol (synthetic vitamin D) was fed to rats living 
in the dark, their thyroids resembled those of rats 
living in the light. It would appear, therefore, that 
Bergfeld’s success with skin extracts was probably due 
to the vitamin D formed in the skin upon irradiation 
with ultra-violet light. Von Fellenberg (59) was un- 
able to confirm the results of Bergfeld although it must 
be admitted that a small number of rats were employed 
in his experiments. 

Turner and Benedict (66) have made the most recent 
contribution in this field. They have reported that a 
deficiency of ultra-violet light produced goiter in chick- 
ens. Chickens kept under amber glass which cuts 
out all wave-lengths shorter than 360 my developed 
goiter, whereas birds receiving ‘ultra-violet light did 
not. Hyperplasia resulting from ultra-violet light depri- 
vation could be prevented by the administration of 
iodine in the form of KI. 

Bernhard (60) found less goiter in the mountains 
where people are exposed to the sun in contrast to a high 
incidence of this glandular disturbance in the lowlands. 
Silberschmitt (61) quotes the findings of Haslebacher 
who observed a reduction in the incidence of goiter 
when ultra-violet lamp treatment was used. According 
to Rosenkranz (62), cattle and rabbits kept indoors 
developed hyperplastic thyroids while animals either 
grazing or exposed to the sun had normal glands. 

Lieben and Kraus (63, 64) report that when iodized 
proteins or thyroid tissue are irradiated with ultra-violet 
light, a liberation of iodine results. This important 
finding may possibly explain the results obtained by 
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Pincussen and Roman (65) who found that when mice 
were irradiated with ultra-violet light a conversion of 
organically bound iodine in the body into inorganic or 
ionizable iodine resulted. This finding suggests either 
that the body requires ionizable iodine for the formation 
of thyroxin, or that in order to exert physiological 
activity iodine must first be split off from thyroxin, light 
being the liberating agent. In this same connection, 
a study of McCarrison’s (37) data reveals the interesting 
fact that when rats were kept in the dark the urinary 
iodine excretion amounted to 487 per liter whereas 
animals exposed daily for 2 hours to the direct rays of 
the sun excreted 96y of iodine per liter. (1.07 = 
0.001 mg.) 

Webster (15) found that ‘‘cabbage goiter” in rabbits 
could be more easily produced in the winter months 
than in the summer months. Large goiters which had 
developed in the winter tended to decrease in size in 
the summer. Webster believes that this difference in 
goitrogenic potency of cabbage represents a true sea- 
sonal variation in activity. Might not Webster’s find- 
ing be explained on the basis that in the summer the 
goitrogenic activity is less either because of a direct 
influence of light on cabbage in some way or on the 
animal organism itself as some of the above-mentioned 
findings suggest? Webster has further noted an abrupt 
change in the goiter-producing potency of cabbage in 
November. It has been shown by Tisdall and Brown 
(67) that there is an abrupt increase in the ultra-violet 
potency of the sun in March. Again, Webster believes 
that the seasonal variation in the potency of cabbage 
may explain the known seasonal increase in the iodine 
content of animal thyroids. Might not this fact also 
be explained on the basis of a seasonal influence of light 
per se on the iodine content of the gland? 

Smith (68) who has reviewed the existing evidence in 
the literature as to the réle of light in the etiology of 
goiter concludes that ‘reported experimental evidence 
suggests that lack of solar radiation may result in a 
deficiency of the iodine content of the thyroid gland 
through deficient irradiation of air, soil, food, and 
drinking water or the skin of the organism; and that 
the mechanism may be a lack of diffusible iodine, an 
increase in a goitrogenic factor in certain vegetables or 
a disturbed calcium metabolism.’ According to Smith, 
there is a relationship between lack of solar radiation 
and the incidence of goiter in the United States, India, 
and New Zealand. He points out that in New Zealand 
the iodine content of the soil is proportional to the 
amount of solar radiation. 

The mechanism of the action of light in the metabo- 
lism of iodine may possibly be similar to the action 
of ultra-violet light in iron metabolism. Thus, Foster 
(69) has shown that ultra-violet irradiation of rats 
rendered anemic by a low iron diet (milk) causes a 
slight but deficient increase in the hemoglobin content 
of the blood. In explanation of his finding, Foster 
states that “the function of irradiation may have 
been to improve the economy with which the small 
intake (of iron) was utilized. . .” 
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It is evident from the above review of the literature 
on light in its relation to goiter that there is need for 
further intensive and careful experimentation in order 
to ascertain more clearly the exact réle of light in the 
physiology of iodine. 


TEMPERATURE 


The question whether or not the temperature of the 
environment has any influence on the thyroid or on 
the occurrence of goiter is still debated. Although there 
is very little direct evidence in the literature on the 
effect of temperature on the occurrence of goiter, there 
is some evidence which indicates that the external tem- 
perature influences the histological appearance, size, 
and the iodine content of the normal thyroid gland. 

Cramer and Ludford (70, 71) report that while con- 
siderable variations are exhibited in the histological ap- 
pearance of the thyroid glands of rats living under natu- 
ral but experimentally uncontrolled conditions, they 
disappear when the animals are housed in a warm room 
kept at a temperature of 20-25°C., carefully handled 
and fed regularly on a suitable diet. The glands then 
show vesicles moderately distended by well-staining 
colloid and lined by cubical epithelium. A distinct 
change was produced by exposing the animals to cold 
for several days. The vesicles collapsed, the lining 
epithelium became columnar, and the colloid lost its 
affinity for certain stains. It would appear, therefore, 
from Cramer’s experiments that high external tempera- 
ture tends to hinder the development of goiter, while 
cold temperature favors it. Mills (72) in experiments 
on rabbits, cats, and guinea pigs at room, hot, and cold 
temperatures confirmed Cramer’s findings, heat causing 
an increase in the colloid content of the thyroid whereas 
cold caused a diminution of the iodine-containing sub- 
stance. Mills concluded from his experiments that 
high external temperature causes a diminished activity 
of the thyroid gland of animals, while low temperature 
brings about an increase in thyroid activity. In ex- 
periments on dogs, Sugata (73) carried the line of evi- 
dence even further and showed that besides histological 
changes in the thyroid, high external temperatures 
cause an increase in the iodine content and concentra- 
tion in the gland. Adler (74) reports that races of the 
grass frog from higher and colder (Alpine) regions have 
larger thyroids than those from warmer (Adriatic) 
regions; while those from an intermediate altitude and 
climate (Bavaria) have thyroids of intermediate size. 
In experimental cultures of tadpoles, he also found 
atrophic thyroids in animals raised at high tempera- 
tures, while hyperplastic thyroids were found in those 
raised at low temperatures. Hart (75) subjected a 
group of gray mice to heat and others to cold during a 
few weeks. A reduction in thyroid size was noted in 
the former group and evidence of increased function 
in the latter group. When individuals from either 
group were restored to normal temperatures, he found 
that their thyroids soon regained their normal size and 
histological appearance. In experiments on large num- 
bers of pigeons kept on the same diet throughout the 
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year, Riddle and Fisher (76) found a progressive de- 
crease in thyroid size in spring and summer and a pro- 
gressive enlargement of the gland in fall and winter. 
This seasonal difference in thyroid size is attributed by 
these workers to seasonal external temperature changes, 
although they are careful to state that the relative 
seasonal amounts of light and darkness may have been 
factors. Fenger, Andrew, and Vollertsen (77) found 
that the iodine content of hog thyroids from North 
Dakota was smaller and the size greater than those from 
Texas when compared at any season of the year. 
They attribute this finding to “geographical location” 
since in North Dakota the winters are severe in com- 
parison with mild winters in Texas. On the other hand, 
Bergfeld (56) reports that temperature does not have 
any morphological effect on the thyroid of rats, while 
McCarrison (37) states that the seasonal incidence 
of goiter in rats is not determined by the action of tem- 
perature per se on the thyroid gland. In connection 
with the influence of temperature on the thyroid, the 
finding of Dietrich and Schwiegk (78) is of interest. 
These observers report that in a fasting dog both the 
blood flow through the thyroid gland and the oxygen 
consumption of the thyroid increase on cooling the 
animal and decrease upon warming. 

In the light of the evidence summarized above, it 
may be that the seasonal variation in the potency of 
cabbage reported by Webster (15) is related to the 
seasonal variation in temperature as it affects the experi- 
mental animal rather than to a real seasonal change in 
the goitrogenic potency of the vegetable. 

It seems quite reasonable to expect seasonal changes 
in the size, histological appearance, and iodine content 
of the thyroid since the demand for bodily heat produc- 
tion (regulated by thyroxin) is much greater in the 
cold winter months than in the warm summer months. 
It might seem to follow, therefore, that the body re- 
quires more thyroxin in the winter than in the summer. 
This, in turn, would create an increased demand for 
iodine in the diet in order that the gland may manufac- 
ture the additional thyroxin. If the diet always con- 
tains an amount of iodine greater than the body’s 
requirement, it is more than likely that there will then 
be no seasonal influence of temperature on the thyroid 
for the reason that the body will always be able to 
manufacture variable amounts of thyroxin as needed. 
Here again, as pointed out previously in this review, 
it is to be emphasized that no matter what factors are 
operating, goiter always eventually results because of 
an iodine deprivation. An abundance of this element 
in the diet serves to counteract the effect of goitrogenic 
factors such as low temperature, etc., which increase the 
body’s requirement for iodine. 


SEASONAL VARIATION 


An abundance of evidence appears in the literature 
which definitely shows that both in humans and in 
animals there is a seasonal variation in (a) the size or 
weight of the thyroid gland (77, 79-87); (b) the iodine 
content of the gland (77, 79-81, 85, 88-90); and (c) 
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the iodine content of the blood (91-94). In the sum- 
mer months, the gland is lowest in weight, highest in 
iodine content, while the blood iodine content is also 
highest. In the winter months, the reverse is true. It 
seems quite unlikely that this variation is due to a 
seasonal effect per se. As indicated above in the dis- 
cussion of light and temperature as factors in the causa- 
tion of goiter, it is apparent that seasonal variations 
might be attributed to variations in one or all of three 
factors, i. e., (a) light, (b) temperature, and (c) the iodine 
content of the food. It is well known that both humans 
and animals are prone to ingest more iodine in the 
summer months because of the greater abundance of 
green food (richer in iodine than grain) at this time of 
the year. Practically all the papers published on sea- 
sonal variation as it affects the thyroid yield results 
whose interpretation can be questioned or is made dif- 
ficult for the reason that the three above-mentioned 
factors were not studied in a manner such that two of 
the three factors were always kept constant in the ex- 
perimental work. 


ENDOCRINE GLANDS 


That factors other than iodine per se may also play a 
réle in hyperthyroidism is apparent from a review of the 
recent literature. During the past few years, consider- 
able experimental evidence (95) has accumulated which 
throws some light on the causation of hyperthyroidism 
(called Graves’ disease). Various workers (96-109) 
have reported that the injection of an extract of the 
anterior pituitary gland produces effects in various 
animals similar to those found in human cases of hyper- 
thyroidism, such as (a) an enlargement of the thyroid 
gland, (b) histological changes (hyperplasia) of the 
thyroid, (c) a reduction in the colloid, iodine, and 
thyroxin content of the thyroid, (d) an increase in the 
blood iodine content, (e) bulging eyes, (f) an increase 
in the basal metabolic rate, and (g) a reduction of the 
induced thyroid changes by the administration of KI. 
In human cases of Graves’ disease, therefore, it is quite 
possible that the derangement in the activity of the 
thyroid whereby an abnormal amount of thyroxin is 
poured out into the blood stream may be due in turn 
to an abnormal stimulating éffect of the anterior 
pituitary gland on the thyroid gland. Further investi- 
gation is necessary in order to prove that such a phe- 
nomenon actually operates in human hyperthyroidism. 
It is difficult to understand why the anterior pituitary— 
a fairly rich source of iodine (110)—exhibits such a 
powerful goitrogenic action. 

Taking a different view as to the cause of hyper- 
thyroidism in the human, Marine (111) believes that 
a deficiency of some internal secretion of the suprarenal 
cortex and sex glands is one of the fundamental factors 
in the etiology of Graves’ disease and that the thyroid 
changes actually represent a compensatory mechanism 
although often an injurious one. This investigator 
reports that sublethal injury of the suprarenal cortex of 
rabbits and cats produces a symptom complex essen- 
tially identical with Graves’ disease in its physiological 
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and pathological aspects. As a result of feeding glyc- 
erol emulsions of the suprarenal cortex, ovaries, and 
corpus luteum in over fifty cases of Graves’ disease, 
Marine states that the effect of such therapy can be 
looked upon ‘‘as further evidence that the suprarenal 
cortex and sex glands produce an easily oxidizable sub- 
stance which plays an important réle in protecting the 
individual from Graves’ disease and the loss of which 
is an important factor in the cause of Graves’ disease.” 


VITAMINS 


In regard to the pre-operative treatment of Graves’ 
disease, it is interesting to note that a combination of 
an iodized fatty acid and a concentrate of vitamins A 
and D has been found (112-115) to be quite as effective 
in lowering the basal metabolic rate as Lugol’s solution 
(I in KI solution). The vitamins alone or the iodized 
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tion of antitoxin as suggested by Farrant and denied by 
Ecker and Goldblatt (122) and others (Marine, 2), 
there can be no doubt that acute infections which pro- 
duce mobilization of the thyroid colloid must represent 
a considerable drain on the iodine store of the body. 
A few investigators (71, 27-29, 123) report that certain 
organic chemical compounds are capable of inducing 
goitrous changes in the thyroid. 

The most recent contribution on the subject of the 
influence of infections and chemical substances on the 
thyroid has been that of Cole and Womack (123). 
In a series of autopsies on patients showing no clinical 
signs of goiter and dying from acute infections, these 
investigators have observed, in many cases, pathological 
changes which could scarcely be differentiated from 
those seen in exophthalmic goiter. In experiments on 
animals, these same workers were able to produce by 
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FIGURE 1 


Showing the histological structure of the thyroid gland in three rats (litter mates) receiving various diets for 35 days. 


The goitro- 


genic diet (GP) coatained 14y iodine per kilo of diet; Diet GPI representing the goitrogenic ration containing added iodine, had an 


iodine content of 400y per kilo, while the stock ration contained 47—72y of iodine per kilo. 


Note the hyperplasia and lack of colloid 


in Rat 551 in contrast to the normal cell structure and abundance of colloid in Rats 553 and 554. 


fatty acid alone are ineffective. Cameron (113) re- 
ports that he has obtained some evidence that vitamin 
D is the essential vitamin. Fischer (116) reports ex- 
cellent results when cod-liver oil (rich in iodine and in 
vitamins A and D) was administered in two advanced 
cases of Graves’ disease. 


INFECTION AND CHEMICAL STIMULATION 


There are reports in the literature which indicate 
that infections and various chemical substances are 
capable of inducing an increased bodily demand for 
iodine. A rapid mobilization of thyroid colloid has 
been shown by Farrant (117-118) to take place in re- 
sponse to certain acute infections, notably diphtheria 
and measles. This observation has been confirmed by 
Lawrence (119), Cramer (120), and by Cole and Wo- 
mack (121), who have shown that the iodine content of 
the glands in experimental infections and toxemias in 
animals may be reduced by as much as 50 per cent. 
Whether this mobilization is associated with the produc- 


certain types of infections pathological changes in the 
thyroid similar to those obtained in exophthalmic goiter. 
Animals dying from fatal systemic infections revealed, 
(a) a marked drop in the iodine content of the thyroid; 
(b) a marked increase in the weight of the gland; and 
(c) a rise in the basal metabolic rate. Oral administra- 
tion of iodine prevented the above changes in the gland. 
The organisms producing the most change in the thy- 
roid of animals are those found in the intestinal tract, 
including B. coli, B. proteus, and the gas-producing 
anaérobic bacilli. Cole and Womack interpret these 
observations as indicating that the catabolic products 
of the infective process are able, through some unknown 
means of stimulation, to produce thyroid hyperplasia 
or that the hyperplasia is an expression of an attempt 
on the part of the organ to increase the protective mecha- 
nism of the body. The fact that certain drugs (in- 
cluding caffeine, theophylline, xanthine, quinine, cin- 
chonine, pyridine, and quinoline) can also produce hy- 
perplasia when given to animals in toxic or lethal doses 
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supports the preceding statement. It appears signifi- 
cant that of a list of 37 organic and inorganic drugs used 
in an attempt to produce hyperplastic changes in the 
thyroid, only the organic drugs would produce these 
changes. Moreover, the group which caused the most 
consistent changes consisted of purine derivatives 
which are related to the products of protein catabolism. 


Rat 518 Rat 515 


Rat 517 Rat 520 
FIGURE 2 


Showing enlarged thyroid glands in four rats (litter mates) fed 
the goitrogenic diet for 35 days. The actual fresh thyroid 
weights for Rats 518, 515, 517, and 520 were 71.1, 48.7, 49.7, and 
53.0 mg., respectively, while the fresh gland weights per 100 g. 
body weight were 54.6, 65.8, 62.1, and 52.0 mg., respectively. 
All four glands were dark red in color. 


Iodine administration prevented thyroid changes result- 
ing from such chemical stimulation. From the above 
studies, Cole and Womack conclude that the thyroid 
enters into the mechanism of protecting the body from 
a certain type of organic product. The exact manner 
in which it acts is as yet not understood. 

In connection with the réle of infection in the produc- 
tion of goiter, the findings of Crotti (124) are pertinent. 
This investigator reports the experimental production 
of goiter by means of a fungus isolated from a water 
supply. Further, he reports the isolation of a fungus 
from raw or steamed cabbage which was also found to 
be goitrogenic when injected into rabbits. Iodine 
added to the drinking water of the rabbits did not pre- 
vent goiter from developing. In view of the findings 
of Marine and co-workers that the feeding of cabbage 
produces goiter, Crotti’s results are of further interest. 


DISCUSSION 


It is apparent from the above review of the literature 
that the various factors mentioned may exert an influ- 
ence on the function of the thyroid gland and probably 
play an important rdle in the etiology of goiter. Al- 
though goiter can develop by virtue of an iodine de- 
ficiency per se, it also seems quite likely in ‘view of the 
evidence reviewed here that various goitrogenic agencies 
or factors may act on the organism in such a way as to 
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FIGURE 3 


Showing the influence of iodine in the prevention of 
goiter. Rat 550 received the goitrogenic diet while Rat 
552 was fed Diet GPI containing added iodine. The 
actual fresh gland weights were 56.6 and 12.7 mg., respec- 
tively, while the fresh thyroid weights per 100 g. body 
weight were 57.8 and 10.9 mg., respectively. The length 
of the experimental period was 35 days. The two rats 
were litter mates. 


create a demand for an additional amount of iodine. 
If the diet furnishes this extra iodine, then the thyroid 
gland will continue to function normally; if not, then 
goiter will develop. 

It is possible that these various goitrogenic factors 
operate both in non-goitrous and in goitrous regions 
and that the presence or absence of goiter in a given 
region depends on the capacity of the diet to fur- 
nish enough iodine to counteract such goitrogenic in- 
fluences. Accepting this idea as an explanation for one 
way in which goiter develops, one can readily under- 
stand how the introduction of a goitrogenic influence 
can bring about goiter in a region where the diet 
furnishes just enough iodine for normal glandular func- 
tion and how this same influence fails to cause goiter 
in a region where the diet contains an amount of iodine 
in excess of the normal requirement. It follows, there- 
fore, that the amount of iodine required to support 
normal thyroid function will vary in different localities 
according to the number and intensity of the goitro- 
genic influences present as well as to the amount of 
iodine available in the diet. 

Further, a determination of the daily iodine intake or 
excretion of individuals in a certain region will not 
alone suffice to arrive at a universal iodine requirement. 





FIGURE 4 


Showing the influence of 
iodine in the prevention of 
goiter. The photograph 
shows the glands attached to 
the excised trachee. Rat 551 
received the goitrogenic Diet 
GP while Rat 553 was fed 
Diet GPI for a period of 35 
days. The actual fresh thy- 
roid weights were 61.2 and 
13.5 mg., respectively, while 
the fresh gland weights per 
100 g. body weight were 52.8 
and 13.5 mg., respectively. 
The two rats were litter 
mates, 
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The presence or absence of any goitrogenic factors 
(other than an iodine deficiency per se) must also be 
determined and their extent of influence ascertained. 
Up to the present time, views as to the human iodine 
requirement have been based almost entirely on analy- 
sis of diets in goitrous and non-goitrous regions, or on 
the iodine elimination of individuals in such regions. 
Summarizing such available information, Cameron 
(125) states that the minimum quantity of iodine re- 
quired has been estimated to amount only to between 35y 
and 707 per day, while Orr and Leitch (5) state that 
the minimum daily requirement may be about 45y 
for an adult male and 150y for a child. In light of the 
evidence presented here, it seems quite possible that 
such amounts of iodine might suffice to prevent goiter 
in some parts of the world but not in others. 

With the realization: 1.—that much of the evidence 
reviewed here concerning the influence of the various 
possible goitrogenic factors is conflicting; 2.—that there 
is a need for the solution of many problems in the field 
of goiter; and 3.—that many important aspects of 
goiter could not be studied for want of a suitable dietary 
technic for the production of goiter, Levine, Remington, 
and von Kolnitz, wishing to carry on investigations in 
the field of goiter, decided that it was necessary first of 
all to develop a suitable dietary technic by means of 
which marked thyroid enlargement could be produced 
in an experimental animal at will. With these thoughts 
in mind, they (126, 127) sought to develop such a 
dietary technic, employing the white rat as the experi- 
mental animal. 

In confirmation of the findings of Krauss and Monroe 
(128), Clausen (55), and Thompson (34), they first 
found that the well-known Steenbock rachitic ration 
(129) produces a marked enlargement of the thyroid 
gland in the rat. They then made an intensive study 
of the influence of this diet on the thyroid gland with 
the view of developing a suitable dietary technic for the 
study of goiter. Since it was found that the addition 
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FIGURE 5 


Showing enlarged thyroid glands attached to the ex- 
cised trachee of Rats 519 and 516. The actual fresh gland 
weights were 48.7 and 78.7 mg., respectively, while the 
fresh thyroid weights per 100 g. body weight were 42.0 
and 82.0 mg., respectively. 
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of vitamin D (as irradiated yeast) or of vitamin A (as 
carotene) did not influence the ability of the Steenbock 
ration to produce goiter, the following was adopted as 
the goitrogenic ration: yellow corn, 76 parts; wheat 
gluten, 20 parts; CaCO;, 3 parts; NaCl, 1 part; irradi- 
ated yeast, 0.2 part. The irradiated yeast was added 
to prevent rickets. Since yellow corn is abundant in 
vitamin A, no additional source of this accessory factor 
was included. On analysis, various batches of this 
ration were found to contain 15 p.p.b. of iodine. On 
this diet, it was found that considerable thyroid enlarge- 
ment took place in 35 days. This time interval was, 
accordingly, used in all the studies on various goiter 
problems. 

Using the goitrogenic ration, comparisons were made 
with rats receiving a stock ration (containing 42 to 72 
p-p.b. of iodine) and with rats receiving the goiter- 
producing ration containing added iodine (400 p.p.b. 
of iodine). The three rations were fed for a period of 
35 days to normal rats weighing 60 g., raised on our 
stock diet. Data summarized from five series of experi- 
ments yielded the following average thyroid weights 
(fresh) per 100 g. of body weight: (1) goitrogenic 
diet (193 rats), 53.2 + 0.92 mg. (range 24.1 to 126.0 
mg.), (2) stock diet (39 rats), 12.9 + 0.25 mg. (range 
9.0 to 18.6 mg.), and (3) goitrogenic diet containing 
added iodine (24 rats), 12.6 + 0.19 mg. (range 10.5 to 
16.0 mg.). The extent of average thyroid enlargement 
(see Figures 2-6) was therefore approximately four 
times the normal thyroid weight, with 2.3 to 7.9 times 
as the extremes of enlargement. The goitrous thyroids 
were dark red in color in contrast to the pale pink of 
the normal glands. Histological examination (see 
Figure 1) of the goitrous glands showed marked hyper- 
plasia with a lack of iodine-containing colloid. When 
compared with the normal glands, the dry matter 
and iodine content of the goitrous thyroids was found 
to be low. Practically the entire enlargement of the 
gland is due to an increase in tissue weight. 

With this dietary technic (127) attention was next 
directed toward the determination of the iodine re- 
quirement of the rat. The goiter-producing ration 
containing 15 p.p.b. of iodine, yielded an average 
daily iodine intake of 0.14y. Using this diet as a basal 
ration, various diets were prepared, containing added 
iodine in the form of KI. In the first series of experi- 
ments, five diets furnishing different amounts of iodine 
were fed to groups of rats containing ten animals in 
each group. The rations furnished average daily 
iodine intakes of 0.14y, 0.59, 1.02, 1.93, and 3.72. 
In a second series of experiments, diets yielding average 
daily iodine intakes of 0.14y, 0.18y, 0.297, 0.387, and 
0.487 were studied. The results of these two series of 
experiments indicated that there is an inverse relation- 
ship between the iodine intake and the fresh thyroid 
weight. On the other hand, it was found that both 
the dry matter and iodine content of the thyroid in- 
creased with the iodine intake. In order to prevent 
enlargement of the thyroid gland in the rat, with the 
diet employed, approximately ly to 2y of iodine daily 
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are necessary. This intake of iodine yielded glands 
containing 0.1 to 0.2 per cent. of iodine (dry basis). 
Since the goiter-producing ration contains an abun- 
dance of calcium, it seemed possible that the high cal- 
cium (CaCO;) content of the ration is responsible for 
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sorbable or poorly absorbed in the intestinal tract; 
(3) the iodine, if absorbed, may not be in a form utiliz- 
able by the thyroid gland to elaborate thyroxin; (4) 
a combination of an inadequate iodine intake and poor 
absorption or utilization of this iodine, or (5) the nature 
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FIGURE 6 


Showing the head and neck area with both normal and goitrous glands im situ. Rats 550 and 551 were fed the goitrogenic ration 
GP while Rat 545 was fed Diet GPI for a period of 35 days. Note the distention of the blood vessels leading to the thyroid in Rat 
551. The actual fresh thyroid weights for Rats 550, 551, and 545 were 56.6, 61.2, and 11.7 mg., respectively, while the fresh gland 
weights per 100 g. body weight were 57.8, 52.8, and 11.7 mg., respectively. 


its ability to produce goiter in the rat. Further, this 
diet also has an abnormal calcium:phosphorus ratio 
(4.3:1.0). Thus far, in preliminary experiments, no 
evidence has been obtained indicating that the high 
calcium content of the ration or its abnormal calcium: 
phosphorus ratio exert a goitrogenic influence. These 
preliminary results differ from those of Thompson 
(34) who, employing a similar diet, reported that an 
increase in the amount of calcium carbonate in diets 
deficient in iodine resulted in an enhancement of the 
degree of thyroid hyperplasia. The experiments of 
Hibbard (35), already referred to, yield evidence indi- 
cating that in calcium chloride administration to rats, 
the chlorine ion rather than the calcium ion is respon- 
sible for the goitrogenic action. Hibbard’s findings 
would therefore seem to lend support to these prelimi- 
nary findings on calcium, although the influence of 
the sodium chloride present in the diet must also be 
ascertained. 

At the present time, the exact manner in which the 
diet operates to produce thyroid enlargement and hy- 
perplasia in the rat is uncertain. This diet, as previ- 
ously stated, is low in iodine content, yielding an aver- 
age daily iodine intake of 0.147. Goiter could develop 
on this ration in several possible ways: (1) the amount 
of iodine furnished in the ration may be insufficient, 
when absorbed from the intestines into. the blood 
stream, to provide for normal thyroid function; (2) 
the iodine may be present in the diet in a form unab- 


of the diet itself or some goitrogenic factor in the diet 
may bring about an increased demand for iodine. 
Thus, the nature of the diet may be such as to be con- 
ducive to the growth of certain types of intestinal 
bacteria that produce goiter either through the activity 
of their catabolic products or through infection. 

By means of the dietary technic which has been de- 
scribed it is hoped that some light may be thrown on 
the etiology of goiter as well as on the réle of some of 
the factors suspected of having a goitrogenic influence. 


ADDENDA 


After this manuscript had been submitted for publi- 
cation, a paper by A. T. Kenyon [Am. J. Pathol., 9, 
347 (1933) ], entitled, ‘The Histological Changes in the 
Thyroid Gland of the White Rat Exposed to Cold,”’ ap- 
peared in which it is reported that exposure of rats to 
cold for periods of 10 to 25 days produced hypertrophy, 
hyperplasia, loss of colloid, and increased vascularity 
in the thyroid gland. Iodine in doses of 10y daily 
diminished or prevented this change. Exclusion of 
light for periods of 10 to 25 days did not produce any 
striking changes in the thyroid gland of the rat. 

A paper by L. I. Pugsley [J. Biol. Chem., Proc., 8, 
Ixxxi (1933)] containing information relevant to this 
manuscript also appeared. He reports that the feeding 
of desiccated thyroid to normal rats caused a marked 
increased excretion of calcium in the feces and only 
a slight increase in the urine. 
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KNOWLEDGE of the METALS 
in ANCIENT INDIA 
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VERY student of chemistry is aware that, al- 
though chemistry as a science is only about two 
hundred years old, it has been practiced as an 


art in times antedating all historical records. Never- 
theless, since modern scientific chemistry is undeniably 
European in origin, he is apt to acquire the impression 
that the art likewise originated in Europe. There are, 
however, many indications that chemistry flourished, 
both as a practical art and as a speculative philosophy, 
in the East, and particularly in India, long before its 
appearance in Europe. 

One finds theories concerning the constitution of mat- 
ter (e. g., the atomic theory of Kanada) far more fully 
developed at quite an early date in India than else- 
where. Certain early philosophical concepts which 
are sometimes cited as illustrating the characteristic 
differences between Indian thought and that of the 
more materialistic Westerners, or indeed the superiority 
of the former over the latter, are also closely linked with 
chemical (or alchemical) speculation. There is, for 
instance, the theory of the ‘‘one element’’—that the 
entire universe is but the ephemeral manifestation of 
one eternal principle, Brahma, due to the primary qual- 
ity, Maya (energy). It is interesting to note the paral- 
lel between Indian and European alchemical thought, 
there being this difference, however, that in India 
thought continued in a metaphysical vein, whereas in 
Europe it took on a more materialistic trend. 


It is now a common belief that ancient civilization 
developed in four chief centers which influenced one 
another at various periods. The scheme may be 
sketched roughly as below. 


edt ‘ha pan ae 
Hittite Chinese 
Ethiopic Arabic Indian leenee 
pe eee i in : or 


Minoan (Cretan) Tibetan 





Egyptian Assyrian 
| 


Early Hellenic Burmese 


It is interesting to note that certain countries early 
became celebrated for particular arts which they had 
developed to an unusual degree. Thus Assyria was 
famed for its navigation, Egypt for its stone and wood 
work, India for its cotton and metals, and China for 
its porcelain and printing. 

The origin and early development of any art must 
remain largely a matter of conjecture—partly because 
these beginnings antedate all written records, and partly 
because of the universally secretive nature of the arti- 
san class. The Indian arts of mining, metallurgy, and 
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metal-working are no exceptions in this. In some re- 
spects they may be said to present unique difficulties 
to the searcher into the secrets of the past. 

Among these may be mentioned the fact that India 
has no history, properly so called, which extends back 
farther than the thirteenth century a.pD. Furthermore 
India was never a united empire like China and hence 
there are no long lines of dynasties with their corre- 
sponding well-recorded dates. India has always been 
occupied by three or four races which have never amal- 
gamated to become one people or nation. 

Concerning the lack of historical data Fergusson! 


has written: 


The absence of any historical record is the more striking because 
India possesses a written literature equal to, if not surpassing in 
variety and extent, that possessed by any other nation before the 
adoption and use of printing. The Vedas themselves with their 
Upanishadas and Brahmanas, and the commentaries on them, 
form a literature in themselves of vast extent, some parts of which 
are as old, possibly older, than any written works that are now 
known to exist; and the Puranas, though comparatively modern, 
make up a body of doctrine mixed with mythology and tradition 
such as few nations can boast of. Besides this, however, are the 
two great epics, surpassing in extent, if not in merit, those of any 
ancient nation, and a drama of great beauty, written at periods 
extending through a long series of years. In addition to these 
we have treatises on law, on grammar, on astronomy, on meta- 


1 J. Fercusson, “History of Indian and Eastern architec- 
ture,”’ vol. 3, introduction and pp. 4, 5; 40, 41. 
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physics and mathematics, on almost every branch of mental 
science—a literature extending in fact to many thousand works, 
but in all this not one book that can be called historical. No 
man in ancient India, so far as is known, ever thought of re- 
cording the events of his own life, or of repeating the previous 
experience of others, and it was not until shortly before the 
Christian Era that they thought of establishing eras from which 
to date deeds or events. 


The mythology of a nation is closely interwoven with 
its civilization and it might be expected that the prog- 
ress of the arts could be traced in objects connected 
with worship. In this, however, India again disap- 
points the historian. The worship of the early Aryans 
was addressed to all that was beautiful and beneficient 
in the heavens above or the earth beneath, but it re- 
mained largely abstract. There is no trace to suggest 
that its deities (if such they may be called) were ever 
represented in wood or stone or that they required 
houses or temples to shelter them. 

The sculpture which remains to us is found to be en- 
tirely original and in some respects surpasses that of 
corresponding periods in any other part of the world 
but it dates back only to 200 or 250 B.c. According to 
Fergusson no coins earlier than 100 B.c. are known.’ 
Inscriptions are abundant in India and nearly all of 
them contain some historical information, but all of 
these bear upon periods after the fifteenth century. 

For our knowledge of the early state of the arts we 
must therefore have recourse to the religious, philo- 
sophical, and general literature of the country, supple- 
mented by the writings of foreign travelers. The ma- 
terial available to us may be outlined briefly as follows. 


THE VEDAS 


The Vedas are the most ancient sacred literature of 
the Hindus, comprising in all more than a hundred 
books. According to the strictly orthodox faith of the 
Hindus the Vedas are not of human composition, being 
supposed to have been directly revealed by the Supreme 
Being, Brahma. They are thus called Shruti (1. e., that 
which is heard or revealed) as distinguished from 
Smriti (that which is remembered or is of human origin). 
According to Indian calculation the Vedic period ex- 
tends from about 5000 to 4500 B.c. European scholars 
(except the Germans) place it more conservatively some 
where between 3200 and 1000 B.c. 

Originally there were three Vedas—the Rigveda, the 
Yajurveda, and the Samaveda—to which was subse- 
quently added a fourth—the Artharvaveda. The Rig- 
veda is the oldest and most important of the four 
Vedas. It is a collection of over a thousand hymns 
invoking blessings from all sorts of deities. The Ya- 
jurveda is a collection in prose and verse of the sacrificial 
rituals of the ancient Hindus. Occasionally it offers 
clues as to the origin of objects required for sacrificial 
purposes. The Samaveda consists of hymns (many of 
which occur in the Rigveda) for which musical notation 
is added or indicated. The Artharvaveda is the oldest 
literary monument of Indian medicine. It includes 


2 J. Fercusson, loc. cit., footnote 1, p. 18. 
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both prose and verse and comprises charms, 
prayers, curses, spells, etc. This work 
cannot belong to a period later than 1000 
B.C.; it is possibly earlier. 

In the Vedic period gold and silver were 
well known and were worked into orna- 
ments of various descriptions. Gold was 
often called hiranya (yellow) and silver, 
rajata (white). The use of the latter in 
connection with sacrificial ceremonies was 
prohibited as it was believed to have its 
origin in the tears of Rudra, later known 
as, or replaced by, the god, Siva. Steel 
razors are mentioned as necessary to 
effect a clean shave—a necessary prelimi- 
nary to participation in sacrificial rites. 
The warriors of old are described as pro- 
tected by coats of mail and helmets of 














metals. Ayas was a term used in the 
same sense as metal in general, though 
in later ages it came to stand for iron alone. In the 
Vedic literature iron seems to be designated by krish- 
nayas (the black metal) and copper by lohitayas (the 
red metal). 

The Rigveda makes mention of nishka, a silver coin. 
It also pictures the iron melter or blacksmith melting 
iron at his forge, and tells of ‘‘a horse with golden mane 
and iron feet and fast as mind.” ‘‘Arrows tipped with 
iron’’ are also mentioned, as are swords, spears, jave- 
lins, lances, and hatchets. These weapons are vari- 
ously described as ‘‘bright as gold,” “golden,” ‘‘shin- 
ing,’ “blazing,” and as “made of iron.” No doubt 
both copper (or its natural alloys) and iron were em- 
ployed for such purposes in those times. The weapons 
were whetted on grindstones and polished to increase 
their brightness. It is thus evident that even in the 
time of the most ancient of the Vedas, metals, including 
iron, were well known and that the craft of metal- 
working had reached a fairly advanced stage. 

The Yajurveda mentions gold, silver, iron, and several 
other metals, including lead and tin. 

The Artharvaveda contains numerous references to 
nietals and metallic objects, among them ‘‘iron hooks” 
and “‘iron nets.” There is also a formula for an alloy 
which served as the specific metal for an amulet. Gold 
was considered as a sort of elixir of life; lead as an 
agent for combating magic. Such drugs as were known 
at that time were chiefly vegetable decoctions; only a 
very few of inorganic origin were used. 


THE BRAHMANAS 


The Brahmanas are prose works of dogmatic nature, 
chiefly critical and explanatory, pertaining to the Vedic 
ritual practices. According to Indian calculations they 
date from about: 4000 B.c. European estimates place 
them at about 1200 B.c. The Shatapatha Brahmana 
contains a description of a mattress mdde of gold 
drawn-thread, and its special property of being cleaned 
by heating in fire without any danger to its texture. 





THE UPANISHADAS 


The Upanishadas are a body of metaphysical works 
of indefinite number representing the perfection of the 
Vedic philosophy. The earliest of them are supposed 
by the Indians to belong to the period of about 2500 
B.c. but are more conservatively dated by European 
scholars at about the sixth century B.c. 

In the Chhandogya Upanishad, one of the earliest, we 
read that ’ 


One binds gold by means of /avana (borax*) and silver by means 
of gold, and tin by means of silver, and lead by means of tin, and 
iron by means of lead, and wood by means of iron, and also by 
means of leather. 


THE RAMAYANA 


The Ramayana is an ancient Hindu epic of the pre- 
Buddhistic period; 7. e., it belongs to the fifth century 
B.c. or earlier. It deals at length with the origin of the 
metals and specifically names mercury, gold, silver, 
copper, bronze, tin, and lead. 


THE MAHABHARATA 


The Mahabharata is the great storehouse of Indian 
traditions. Indeed, a popular saying has it that, 
“what is not in Bharata (Mahabharata) is not in 
Bharata (India).’’ Together with the epic action is 
introduced a mass of speculative, social, and ethical 
discourse. The work dates from the centuries just 
preceding the Christian Era. The events which it 
celebrates are placed by scholars at about the twelfth 
century B.C. 

The chief arms of the heroes are bows and arrows. 
However, other weapons were used, including the club, 
the thick Jathi,t the sword, the spear, the axe, the 
hammer, the discus, and the missile. Thus it is seen 
that the Indian heroes had practically the same arma- 





* Borax (in the glassy form) was evidently considered to be a 


metal. 
+ A heavy stick, often of bamboo, bound with iron. 
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Masha (pulses of the order of Phaseolus 
mungo) and on fracture show bluish streaks. 
These also show formation of nodules on 
the surface; sometimes, however, there are 
others that have color like turmeric, spleen, 
or liver. On breaking, these expose layers 
of sand and shining bright tiny particles— 
small, shot-like—which neither break nor 
crack on strong heating but froth up and 
give off smoke. These gold ores are very 
useful for mixing with silver and copper. 
There are five names for gold according to 
their color shades—viz., Jambunada, having 
a blue shade; Shrungashukti, conch-like, 
silvery; Shatakumbha, thorn-apple like; 
Hataka, common, marketable; Vainabdle, 
bamboo-like, yellow needles or longitudinal 
as in placer deposits—and these are classi- 
fied into three qualities depending upon 








WROUGHT-IRON PILLAR NEAR DELHI 


Age not definitely known, but probably dates from about the fourth 


century A.D. Weight, approximately ten tons. 


ment as the Homeric heroes. Possibly their weapons 
were likewise of bronze, for the word ayasa is used. It 
seems more probable, however, that by the time of the 
Mahabharata the word ayas had come to signify the 
specific metal, iron, rather than a metal in general. 
The great iron gadas (maces) of Bhima and Duryod- 
hana, the heroes of opposing camps, as well as the story 
of the blind king Dritarashtra crushing to pieces in his 
embrace the life-size iron statue of Bhima would seem 
to indicate that iron was available in considerable quan- 
tities, although once given iron it is of course possible 
to imagine it in any quantity whatsoever. The He- 
brews, for instance, had no difficulty in conceiving of 
a city whose streets are paved with gold. 


“TREATISE ON POLITY’ BY CHANAKYA OR KAUTILYA 


The sources which we have briefly outlined as repre- 
sentative of the period up to the Great Buddha (fifth 
century B.C.) obviously furnish us with clues which are 
largely circumstantial and at best fragmentary. In 
the fourth century B.c., however, we encounter a veri- 
table mine of information in the “Treatise on Polity,” 
written by Chanakya or Kautilya (the Indian Machia- 
velli), the famous prime minister of Chandra Gupta. 
This notable work presents a magnificent account of 
the political, industrial, social, and military organiza- 
tion of India in the fourth century B.c.. Among other 
things, ores and mines of gold, silver, copper, iron, lead, 
and tin are described. The following material which 
constitutes substantially a digest of selected quotations 
from the ‘Treatise on Polity’’ conveys a general idea 
of the status of the metal-working arts at that period. 


Gold 


Gold ores are found in mines or on mountain sides 
and are unmixed yellow, red, or reddish yellow like the 





the method of recovery; viz., pure (native), 
chemical (artificial), and purified (recovered 
fromores). These are similar to our present- 
day blue, white, black, etc., varieties of gold. 

Pure gold is described as being soft, heavy, 
without metallic ring, and of the color of the pollen of 
the lotus flower. 


That gold which has the color of the pollen of lotus, is soft and 
smooth, is shining but has no metallic ring is the best gold while 
reddish yellow is the middling type as against the red one which 
is an inferior kind. 


Test for pure gold.—Pure gold is yellow like turmeric, 
but yields as many as sixteen different varieties with 
different quantities of copper added to it. 


But if gold to be tested leaves behind a mark on the touchstone 
of similar brightness as one of pure sample, then it is pure. If 
this streak can be rubbed off the stone surface either by rubbing 
with fingers or scratching with nails, then take it as pure. If, 
while rubbing, some particles crumble off then it can be safely 
stated that it is a fraudulent variety. 

If the streak on the touchstone appears quite soft like the 
lotus filament and is smooth and shining then the sample is of the 
best variety. 


Gold, on rubbing with ferrous sulfate, or heating with 
cinnabar and cow’s urine becomes white. 


Purification of gold.—If there is a whitish tinge in the best va- 
riety of gold, then this should be purified by heat. If, however, 
it becomes brittle, it should be heated with a fire of dry cow 
dung. 

But if it is brittle due to excessive dryness (roughness) it 
should be kept in oil and cow dung. 

In case the gold recovered from the mines is brittle due to 
mixture of lead then it is softened (and thus purified) either by 
hammering it out into thin sheets and then subjecting it to tritu- 
ration, or it is treated with extract of ashes of the palm tree stem 
or that of Amorphophallus campanulatus. 


Silver 


Silver ores have the color of shells, camphor, alum, pigeon, 
rosy red-garnet, or peacock neck, and have a sheen of blue 
stone, cat’s eye, gur (molasses), or sugar. But those that have 


shades of Kovidar (Bauhinia variegata), red lotus, trumpet flower, 
flax seed, dark red pea (of the order of Phaseolus mungo), and lin- 
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seed have lead in them, and on breakage they show white on the 
surface but black inside or vice versa. All these have streaks and 
nodules and are soft and glossy. These do not crack on heating 
but froth up and evolve profuse fumes. 

Silver according to appearance is known as Tutthodgata, alum- 
like; Gaudika, molasses-like; Chakrawalika, of ruddy goose 
tinge; Kambuka, of mother of pearl shade. 


There are both impure and pure varieties of silver. 

Pure silver-—Pure silver is white, soft and smooth 
and heavy. Similarly it is also nodulated (spitting) 
and clear, shining and of the color of curds. 

Any variety having properties other than these, or 
cracks, is of an inferior kind. 

Purification of silver —Impure silver is to be purified 
by mixing it with one-fourth its weight of lead and 
heating it in a cupella. When its surface becomes bril- 
liant in luster and appears like curds then it should be 
taken as purified. 


Copper 


Copper is found both on the surface of mountains or below the 
surface enclosed in mines. 

Metallurgy of copper——The copper ore is well crushed and 
then mixed with cattle dung and formed into balls, sun-dried 
and baked and then ‘put into the furnace for extraction of the 
metal. 


The latter operation was generally conducted in 
underground and dark places. The furnace was con- 
structed by the smelter himself. The reduction was 
carried on in big crucibles which were used over and 
over again. The necessary forced draft was fed by 
bellows made out of whole goat skins. The process 
lasted for eight or nine hours and the purified metal was 
collected the next day. The product was further puri- 
fied by heat and then cast into sticks or bricks. This 
process of copper recovery was carried on until foreign 
competition eventually made it unprofitable. 

It is interesting to compare the foregoing account 
with that published by Captain Boilcan* in the year 
1831. 


The mines are described as being tortuous and of great extent; 
at the working faces it was the custom to light fires 
which caused the rock to split up. Lamps were used 
which the miners carried on their heads and with 
a gad and hammer extracted the ore. The princi- 
pal ore found appears to have been pyrites. It 








was sold at retail by auction to the proprietors of 
different furnaces. 

The pounding or crushing was effected on a 
stone anvil with a hammer weighing eight or ten 
seers;* when completely reduced to powder the ore 
was made up into balls with cow dung and roasted. 
The blast furnaces were prepared in the following 
manner. A quantity of common sand was spread 
on the floor of a circular hut, in the centre of which 
a depression, 12 to 15 inches in diameter and 2 or 3 
inches deep, was made; in this a layer of fine sand 
and another of ashes were laid to prevent the metal 
from adhering to the bottom of the receiver; two 
clay nozzles of tuyers were then placed on opposite 
sides of this hollow and a third between them, leav- 
ing the fourth side vacant for the slag to escape. 





3 BALL, “‘Geology of India,’ Part III. 
* A weight of varying value. The government 
seer, or ser, equals 2.057 Ib. 
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The nozzles were then connected by moist clay and a circular 
rim of mud, a few inches in height, was raised, on which three 
annular vessels of fire-clay were placed to form the body of the 
furnace, each of these was 15 inches in external diameter, 10 
inches high and 3 inches thick. They were used repeatedly but 
the lower part of the furnace had to be reconstructed for every 
charge. The bellows were simply goat-skins connected with 
the nozzles, and were worked by the families of the smelters. 
After a preliminary firing, to dry the mud, the furnace was 
charged with charcoal, roasted ore and iron slag, the latter being 
employed as a flux. 

In a day of nine or ten hours’ duration, 3 maunds} of charcoal, 
2 and 1/2 of the roasted ore, and 2 of the iron slag were consumed. 
The slag was drawn off and the smelted copper which had ac- 
cumulated at the bottom of the furnace was removed on the fol- 
lowing day. It was then remelted and refined in an open furnace 
under a strong blast from bellows, and cast into small bars or 
ingots, which were subsequently removed to the Mint and cut 
up and fashioned into coins. 

The ore was said to yield only from 2 and !/2 to 7 and 1/2 per 
cent. of metal, but the profits must have been not inconsiderable 
as the Khetri Raja is said to have claimed one-sixth of the value of 
the copper in addition to Rs. 14,000 received for the lease. The 
quality of the metal is said to have been inferior to that of Basa- 
war, this being attributed to the use of the iron slag as a flux. 


Pure copper.—Copper is heavy, soft, smooth, and in 
color either yellowish red, greenish reddish, or bright 
red. 


Mercury 


Mercury is described as being put to use for extraction 
of other metals, and the knowledge of distillation of 
mercury was absolutely necessary for the director of 
mines and his assistants. It was especially in the form 
of compounds in medicine that mercury was chiefly 
used. 

Iron 


Iron ore should have a color of the orange, faint red or red like 
vermilion. 


Of course these are evidently brown or red hematites 
+ Maund: a greatly varying weight, running from less than 


19 lb. to more than 163 Ib. The government maund is 100 
Ib. troy (82.286 Ib. av.). 
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found abundantly in India. Although pyrite was 
known in Ayurvedic literature, it seems not to have 
been used for iron manufacture. One need not say that 
India is quite rich in iron ore deposits. 

It is a matter of great regret that Sanskrit literature, 
which is filled with detailed accounts of various things 
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and which displays throughout the general power of 
observation of the ancient Indians, contains little or 
practically no information regarding the actual methods 
of the manufacture of iron or even the furnaces em- 
ployed in smelting the ores or in forging iron, though one 
can easily conceive that these furnaces must have been 
of considerable dimensions and of well conceived plan 
to yield non-corrosive iron.* That this branch of metal- 
lurgy must have been well established is clearly seen 
from the words Lohavida and Dhatuvida (meaning ex- 
perts in iron and metals, respectively) occurring in the 
Vedic literature. The only thing that can account for 
the absence of any description of the metallurgy of iron 
seems to be that it must have been thought too common 
to need any serious attention. 

The rationale of the process gathered from various 
records and books on subjects even other than on 
metallurgy or chemistry is summed up by Prof. Neyogi*‘ 
as follows: 











4P. NeyoeI, ‘Iron in ancient India,” chap. 5, p. 64. PrRor. 
Neyoc! declares the quality of the iron to have been a matter 
of accident rather than design. 
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Only the richest ores of iron are employed, and the fuel as well 
as the reducing agent is charcoal. The blast furnace consists of 
a hearth with a circular shaft or chimney from 2 to 6 feet high 
and 2 to 3 feet broad, and the blast is admitted with a hand- 
bellows through a hole. As charcoal is a much purer form of car- 
bon than coal the iron produced by heating the ores with char- 
coal is exceedingly pure. No flux seems to have been used as 
only pure ores were employed,* though Dr. Verchere testifies 
that in Waziristan a flux of limestone is added even at the present 
day. The malleable iron thus obtained directly from the ores is 
hammered in the hot condition in order to make the iron solid 
and homogeneous. The iron slag during the process of heating 
is tapped off from time to time through another hole or tuyere, 
and the adhering portion of it is squeezed out during the ham- 
mering. The iron seems to have been obtained as lumps and 
not in the molten condition. 


This may safely be taken as tlie process that must 
have been followed for ages with no more than minor 
alterations. The thing is complete in itself, at least 
for the purpose and condition. The ores that were 
employed were magnetic oxide and rich red and brown 
hematites. 

The process described above gives wrought iron or 
malleable iron directly, and is called the “direct proc- 
ess” by Prof. Neyogi as it does not require the previ- 
ous preparation of cast iron, in distinction from the 
modern European process (“indirect process’’), in 
which wrought iron is obtained by the almost total 
removal of carbon from cast iron which is first directly 
obtained from the ores. Iron produced by the Indian 
methods always yielded wrought iron. That this. 
ought to be so is clear if one bears in mind the simple 
method of draft with crude animal skin bellows. The 
temperature in the furnaces could never be higher than 
just enough to soften iron so that the small particles 
might agglutinate, but not sufficient to melt it and give 
rise to the solution of carbon. 


Steel 


The steel manufacturers of old knew the art of con- 
verting crude iron into steel. To get the right per- 
centage of carbon they added carbon in excess and then 
removed the excess by a process of slow heating and 
annealing. They could thus control the percentage of 
carbon to any nicety desired. ; 

Tempering of steel—Tradition ascribes the art of 
tempering to Shukracharya, the preceptor of gods. In 
his teachings he is declared to say: 


One who desires for wealth should temper his sword by plung- 
ing it in blood; if good progeny, then in ghee; if constant acquisi- 
tion of wealth then in water or milk of horse, camel, or elephant. 
However, if a very sharp edge is required toddy gives the best 
result. 

A sword previously treated with a coat of a paste of oil of latex 
of Calotropis giganta and ashes of burnt sheep horns, when tem- 
pered, becomes so strong that it does not break even though 
struck against stones. 

Instruments tempered by plunging them in solutions of the ash 
of plaintain tree, or in buttermilk, do not bend or break or blunt 
their edges against stone or iron. 





* Our analysis of certain slags found by Mr. Naravane does not. 


agree with this. 
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Lead 


Lead is black like the crow or also of the color of a 
pigeon or even of yellow ochre. It has white streaks 
and gives out a bad odor on heating. 


Tin ¢ 


Tin has either variegated shades of a marshy place 
or of baked earth. 


Borax 


Borax (Mani, 7. e., glass-metal, as the Indians called 
it, mistaking it for a metal) is clear, soft, lustrous, pink 
in color, and with a metallic ring. 


Miscellaneous 


Directions are also given for the hardening and soften- 
ing of miscellaneous metals, for the preparation of al- 
loys and for coatings and other surface treatments to 
protect metals from corrosion. 

One also finds detailed specifications for the con- 
struction of beam scales and cautions against various 
accidental and fraudulent sources of error in weighing. 
Among the latter is mentioned the influence of a con- 
cealed magnet. This trick was apparently unknown 
in Europe until comparatively recent times. 


CHARAKA AND SUSHRUTA 


CuHarAKA (200 to 300 B.c.) is regarded as the earliest 
and the best Hindu writer on medicine. His date is 
not definitely established, but he belongs to the pre- 
Buddhistic period. SusHruTA (about a.p. 800), an- 
other medical author, was preéminently a surgeon 
rather than a physician like Charaka. 

Among many other appliances, Charaka mentions 
gold and silver needles as accessories in obstetrical 
work. To cut the navel-cord of the new-born child 
he recommends a knife of either gold, silver, or iron. 

Sushruta gives detailed directions for the shaping 
and finishing, the sharpening and the care of a wide 
variety of surgical instruments. These were classified 
in two main divisions—blunt and sharp. The former 
division included six sub-varieties; the latter, 
twenty-one. Cutting instruments were both sharp- 
ened and tempered in accordance with the specific 
uses for which they were intended. Thus Sushruta 
enjoins that 


the edges of the instruments used in incising should be of the 
fineness of a masura; of those used in scarifying, of half a masura; 
of those used in puncturing and evacuating, of a hair; and those 
used in dividing, of half a hair. 

The instruments are tempered in three ways: by immersing 
the heated instrument in an alkaline solution, or water, or oil. 
Those tempered in an alkaline solution are used in cutting bones 
and in excising arrows and other foreign bodies. Those tempered 
in water are used in incising, cutting or clearing muscles, and 
those tempered in oil are used in puncturing veins and dividing 
nerves and tendons. 


rc 
It is also mentioned that the processes for tempering 
surgical instruments are the same as for tempering 
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weapons, though it is doubtful that such delicate ad- 
justments of instrument to technic were observed in 
the latter case. 

Sushruta recommended pure iron for most surgical 
instruments and emphasized the desirability of employ- 
ing a skilful and experienced smith. Other suitable 
materials were admissible, particularly if iron of good 
quality was not available, but the use of impure iron was 
strongly deprecated. Mention is made of use of a cop- 
per needle in the operation for reclination of cataract. 
Tin was used as a material for blunt instruments. 
Sushruta also speaks of plates of tin, lead, copper, or 
iron to surround tumors and to protect healthy tissues in 
the application of cautery. 


LATER WRITINGS 


Later writings, such as Rasarnava and Rasarainasa- 
mychaya (A.D. 1200-1400) and the Ayeen Akbari (a.v. 
1600) reveal increasing knowledge of the metals and 
their compounds as well as of their technical manipu- 
lation. The art of metallurgy in general and of iron 
and of iron-working in particular apparently reached a 


From Ov. Mukhopadhyaya After Sushsula ( Before 1000 B.C.) 
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peak at about the seventeenth century. The con- 
servatism of the Indian artisans was the indirect cause 
of their decline from that time on, however, for the 
rapidly improving European technology soon intro- 
duced the killing blight of foreign competition. 





POT ek 





666 


HINDU THEORIES CONCERNING THE ORIGIN OF THE 
METALS 


Hindu theories of the origin of the metals con- 
tained much of the fanciful. Various theories existed 
more or less con- 
currently and with 
evident intermin- = 
gling and it is im- pte 
possible to trace mre 
any gradual devel- yes i 
opment with chron- an 
ological sequence. 
Some accounts were 
purely mythologi- 
cal legends; others 
sought to account 
logically for the 
properties of the 
metals and their 
ores as they were 
then known. Prob- 
ably the fol- 
lowing may be 
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derive their properties in various proportions from these. 
Mercury was conceived as influencing most strongly 
the mechanical characteristics, while sulfur contributed 
to the appearance. On this basis the metals were 
classified as white 
= UT 
TUT 





(zinc, tin, lead, and 
i silver) and yellow 
Ul (copper and gold). 
It was also the 
belief that the baser 
metals were capable 
of gradual transfor- 
mation into the 
nobler ones. This 
belief had some 
support in the coin- 
cidental occurrence 
of metals. Silver, 
for instance, is 
found in conjunc- 
tion with both lead 
and zinc and it was 
conjectured that by 
proper manipula- 























taken as representa- 


tive. BEAMS WHICH FORMED A PORTION OF THE PORCH ROOF OF THE TEMPLE 
AT KONARAK 


A few centuries later than the Delhi pillar. 


It was argued 
that the organic 
world springs froma 
single germ and then grows and multiplies, and that 
therefore there must have been a first germ or cause 
for the metals, also. 

Accordingly there arose a belief which propounded 
that the metals were born of the union of Hara and 
Parvati through the help of Agni. Hence the symbolism: 

Mercury = the semen of Hara (Shiva) 

Earth (or crucible) = Parvati (consort of Hara) 

Sulfur = Agni (god of fire) 

In more concrete terms it was postulated that there 
must have been some first metal in the earth from which 
all others evolved. Mercury and sulfur were considered 
the genitive pair and other metals were supposed to 


tion it might be pre- 
pared from them. 

The results of ex- 
perimental (or tech- 
nical) work also lent countenance to such views. Since 
silver could be obtained from galena and gold from 
pyrites there seemed to be nothing irrational in the 
belief that they could also be manufactured from other 
metals. The fact that copper sulfate deposits copper 
on iron was apparently a demonstration of transmuta- 
tion. Tin and lead give an alloy resembling silver and 
hence were considered the parents of that metal. 

Although these ideas seem somewhat ridiculous to- 
day, it should be recognized that it was the knowledge 
rather than the reasoning of the ancients which was at 
fault. Their conclusions were altogether natural upon 
the basis of the facts available to them. 





QUOTATIONS FROM THE WALLS OF THE HALL OF SCIENCE AT THE CENTURY 
OF PROGRESS EXPOSITION 


Nature is not to be governed except through obeying her.— 
Bacon. 

More important than particular truths is the love of truth.— 
C. J. Little. 

The common experiences of normal people are the matter of 
science.—H. Dingle. 

Reason’s voice and God’s, Nature’s and duty’s, never are at 
odds.— Whittier. 

The essence of science is to discover identity in difference. — 
F. S. Marvin. 

Scientific law is a description, not a prescription.—Karl 
Pearson. 

Science and peace will triumph over ignorance and war.— 
Pasteur. 


Man is the interpreter of nature. . . . Science the right inter- 
pretation.— Whewell. 

Nature never proclaims her secrets aloud, but always whispers 
them.—John Owen. 

Science has but one fashion. . . . To lose nothing once gained.— 
Stedman. 

There is nothing so powerful as truth, often nothing so 
strange.—Daniel Webster. 

Scientific education’ is an essential condition of industrial 
progress.—Huxley. 

If there is one way better than another, it is the way of na- 
ture.—Aristotle. 

The first and the last thing required of genius is the love of 
truth.—Goethe. 
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jor COLLEGE FRESHMEN. PART II" 


CHARLES W. STILLWELL 


University of Illinois, Urbana, Illinois 


Chapter IT. The Structure of the Silicates 


HE great variety and complexity of silicate formu- 
"Tiss have puzzled chemists and mineralogists for 
many years. Perhaps one of the greatest achieve- 
ments of crystal chemistry has been the systematic 
classification of these minerals. After many years of 
work on the crystal structures of a large number of 
silicates it has been shown that even in these compli- 
cated substances the ionic radii are of prime importance 
in determining the structures of the crystals. 
The silicate structure as pictured by Bragg may be 
briefly outlined as follows: 


1. Oxygen ions, being the largest, form the skeletons 
of all silicate crystals. Their arrangement approaches 
that of close-packed spheres. (It is interesting to note 
that errors in the assignment of formulas to silicates 
have frequently occurred because the importance of 
oxygen in the formula has not been realized.) 

2. The several metallic ions of the silicate are 
fitted into suitable gaps in the oxygen skeleton. The 
arrangement depends upon interatomic distances and 
ionic radii. The coérdination numbers wiil depend 
upon the values of the R,a:Rx ratio as already de- 
veloped in Table 2 of Chapter I. For example, the 
radius of the silicon ion is 0.4, that of oxygen is 1.40, 
Rg:/Ro = 0.285, and the silicon ion therefore has a co- 
ordination number of four. Silicon occurs in silicates 
surrounded tetrahedrally by four oxygen atoms. 
This oxygen tetrahedron with a silicon at its center is 
common to all silicates. The groups may exist as 
individuals, or adjacent tetrahedra may share corners 
or edges, but rarely faces. The experimental evidence! 
indicates that the Si—O bond is not a true ionic bond. 
The silicon and oxygen atoms have only been partially 
ionized, and the bond might therefore be classified as 
“polarized ionic.”’ 

The coérdination numbers (for silicates, the number 
of surrounding oxygen atoms) of the other elements 
found in silicates may usually be calculated from their 
ionic radii, and the spacial arrangement of the ions 
is as indicated in Table 2 (Part I). Thus, eight 
oxygen atoms at the corners of a cube will surround 





* Presented before the Division of Chemical Education at the 
Washington meeting of the A. C. S., March 29, 1933 

+ Part I appeared in the October issue. 

1 BraccG, W. L., Trans. Faraday Soc., 25, 291 (1929). 
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every sodium ion. The bonds between metallic ions 
and oxygen are essentially ionic. 

3. The oxygen atoms are shared by the metallic 
elements; in fact, the silicon-oxygen tetrahedra (either 
individuals, or groups of tetrahedra) are connected 
with other like groups by the metallic ions. 

4. In keeping with the principles of isomorphism 
already developed, the oxygen (ionic radius = 1.35 
A.U.) may be replaced by a fluoride ion (1.33 A.U.) 
or an hydroxyl ion (1.35 A.U.). 

5. The cations tend to be distributed symmetrically 
throughout the crystal, since this affords the greatest 
stability. 

Pauling has reached the same general conclusions 
with regard to the structure of silicates as have the 
Braggs, but his mechanical picture of such crystals is 
somewhat different. He pictures as the “building 
blocks” polyhedral units (tetrahedra, octahedra, or 
cubes) sharing corners, edges and faces, as contrasted 
with Bragg’s oxygen skeleton. Both account satis- 
factorily for the same structures. 

With this general picture, it has been possible to 
place all the silicates whose structures are known into 
a very few groups based on the silicon-oxygen arrange- 
ment. 


1. Self-contained groups 
SiO, —orthosilicates—Examples: Garnet, (Fe,Mn);- 
Ale(SiO4)3; Olivine, MgeSiO, 
Single tetrahedra joined by metal ions as in 
salts. 
Sig0;—Examples: SeeSieO7, CaeZnSisO; 
Two tetrahedra sharing one oxygen—joined 
to other Si,0; groups by metal ions 
Sis0.>—Examples: BaTiSisO, 
Three tetrahedra sharing edges with each other 
joined to other Sis0, groups by metal ions. 
2. Silicon-oxygen chains 
A. The pyroxenes (SiO; group)—Example: 
side, CaMg(SiOs)2 
Simple chains of Si—O tetrahedra, each shar- 
ing two oxygen atoms (Figure 6A) 
B. Double chains (Figure 6B) 
The amphiboles (Sii0n group)—Example: 
Asbestos, CaeMg5(SisOn)2(OH)2 


Diop- 
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In this type of crystal the metallic ions form the links between 
parallel chains. The binding force between chains is ionic and 
is not as strong as the silicon-oxygen bonds within a chain. This 
gives rise to the well-known fibrous nature of the amphiboles. 





Silicon 
Oxygen 





B. 
FIGURE 6.—SILICON-OXYGEN CHAINS 


A—Single chains. The pyroxenes (SiO; group). Ex- 
ample: Diopside, CaMg(SiOs)o. 

B—Double chains. The amphiboles (SisO:. group). 
Example: Asbestos, CagMg;(SisO1:)2(OH)2 (tremolite). 


3. Silicon-oxygen sheets 
Examples: Biotite, (H,K)2(Mg,Fe)2(Al,Fe)2- 
(SiO,)s; 
The micas, e. g., Muscovite, H.(K,Na)Al;- 
SisOie. 


If the double chain is extended (as in Figure 7) a sheet is 
formed. The metallic ions furnish the ionic forces between 
sheets, weaker than the silicon-oxygen bond within sheets, 
hence the minerals tend to cleave in the familiar thin layers. 


4. Three-dimensional silicon-oxygen network. 
An extension of the silicon-oxygen sheets. 


The metallic ions are distributed throughout the network, 
and may be replaced by other metallic ions without disturbing 
the network. This accounts for the peculiar properties of the 
zeolites, minerals of this type. As is commonly known these 
zeolites are very useful for softening water because the Catt 
and Mg?** ions of the water are able to replace the Nat ion in 
the zeolite and are thereby removed from the water. Here 
again, the facility with which various metallic ions may be intro- 
duced into the zeolites depends, among other things, upon their 
sizes, and this suggests a picture of metallic ions weaving their 
way through the silicon-oxygen network. 

The several forms of SiO, are also special networks of silicon- 
oxygen tetrahedra. One of these, cristobalite, is shown in 
Figure 8. 
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S/LICON OXYGEN 
FIGURE 7.—SILICON-OXYGEN SHEETS 
The micas. Example: Muscovite, H2(K,Na)Al;Si;O.2. 


This general picture of the silicate structure has an 
interesting bearing upon the position of silicon in the 
periodic table. Considering its neighbors, we find that 
Mg and Al form continuous ionic lattices. P,S,and Cl 
form structural groups which act as single ions and these 
complex ions combine with metals in ionic lattices. 
Si forms SiO, groups which may share oxygen atoms and 
be linked together to form Si—O complexes with in- 
definite extension in space, giving rise to a variety of 
structures. 
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FIGURE 8.—CRISTOBALITE (S102) STRUCTURE 
Showing characteristic Si—O tetrahedra. 


Finally, silicon is to inorganic chemistry what 
carbon is to organic chemistry because they both can 
form chains—carbon by combining with itself 
(—C—C—C—C—) and silicon through oxygen link- 
ages (—O—Si—O—Si—O—Si—). 
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Chapter IIT. Metals and Alloys. 


We are in the habit of thinking of three states of 
matter—gaseous, liquid, and solid. It seems almost 
necessary to add to these a fourth—the metallic state. 
To even the casual observer the properties of metals 
differ so markedly from those of other solids that it 
seems as though there must be some fundamental 
difference in the way the atoms are put together. 
The nature of metals has evaded description until 
very recently, but now we have a rather clear picture 
of the metals even though it is by no means complete 
in every detail. 

The characteristics of metallic elements may be most 
clearly understood by comparing their structures with 
those of the non-metallic elements. In Table 12 the 
elements are grouped into four classes, according to 
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The Metallic State 


This results in a sort of layer lattice, the coérdination 
number within a single layer being 3. In selenium we 
find the atoms attracted toward each other so that each 
atom has two near neighbors, forming long spiral chains. 
Finally, in iodine we have a typical molecular lattice 
in which I; groups occupy points in the crystal lattice. 

These structures take on real significance if we 
consider the valence of the ions of these elements and 
assume that the atoms are held together by homopolar 
(electron-sharing) forces. It is evident that in a group 


of two iodine atoms the octets are complete and the 
group is therefore stable xI* I % In crystalline 


iodine, then, within a group I; the forces are homo- 
polar, while the groups are held together by weak 











their crystal structures. molecular forces. The electron distribution in a 
TABLE 12 
CRYSTAL STRUCTURE OF THE ELEMENTS 
H He 
Li Be B © N O F Ne 
Na Mg Al Si | P Ss) Cl A 
K Ca & Ti ov Cr Mn Fe Co Ni Cu |Zn |Ga, Ge As Se |Br_ Kr 
Rb §& Yt Zr Nb Mo Ma Ru Rh Pd Ag /|Cd In |_S®_ Gb Te I Xe 
Cs Ba (Rare) Hf Ta WwW Re Os Ir Pt Au Hg Ti Pb Bi Po 
(Earths) 
Class I Class II Class III 
Those in Class I are the true metals. They are ute ig 3 foll se ee” t 
either close-packed hexagonal (C.N. = 12), face- ™ a ae ee ae eee 


centered cubic (C.N. = 12), or body-centered cubic 
(C.N. = 8). The first two types of packing are illus- 
trated in Figure 9. In the true metals, then, the co- 
ordination numbers are 
high. The crystal is com- 
posed of approximately 
spherical units packed as 
close together as possible. 
In Class II are elements 
which still have the three 
typical metallic structures, 
slightly modified. Thus, 
cadmium and zinc are close- 





packed hexagonal, but the Ena. as gl 
distances between atoms Wacsiean tt 

along one axis is greater than 

when spheres are packed as closely as possible. Alumi- 


num and lead are cubic, but the distances between 
atoms indicate that the spheres are not as close together 
as they might be. 

Class III is perhaps the most interesting group. Let 
us consider four typical examples, diamond (C, Si, Ge, 
grey Sn), As (Sb,Bi), Se(Te), and I,, In diamond 
each atom of carbon is surrounded tetrahedrally by 
four other atoms, the whole lattice being cubic (ZnS 
in Figure 2, Part I). In arsenic we find that each 


atom has three near neighbors in two directions, while 
in the third direction the neighbors are farther away. 


each Se having six electrons. Again, then, electron 
sharing holds the Se atoms in an endless chain while 
the force between chains is a metallic or molecular 
force. In As, each atom may hold three neighbors by 
the sharing of electrons, hence the layers of atoms are 
held by homopolar forces and the forces between layers 
are metallic (defined below) or molecular. The struc- 
tures of selenium and arsenic may be conceived as dis- 
torted simple cubic and the coérdination is six in each 
case, although as pointed out the six atoms are not 
symmetrically located. Finally, it is possible for C 
to hold four neighbors by sharing of electrons and there- 
fore in diamond the crystal is homopolar throughout, 
and is equally strong in all directions. 

To summarize, when an atom has 8-N valence elec- 
trons it can hold N neighbors by sharing electrons 
(where N = 0 to 4). 

Now in passing to Class II and Class I elements two 
marked changes occur. The number of neighbors of 
each atom increases beyond four, and it is obviously 
impossible for the atoms (in Zn, for example) to be 
held together by sharing one electron with each of 8-N 
neighbors because there are not enough electrons 
available. Here we probably have the underlying 
cause of the metallic bond. If there are not enough 
electrons available for sharing, the need arises for a new 
kind of bond in which an electron can serve for more 
than two atoms, and so the metallic linkage comes into 
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being. Probably the metal atoms lose their valence 
electrons and become positively charged ions, while 
the detached valence electrons are free to circulate 
around to some extent. We have a picture of positive 
ions held together by a sort of gas of negative elec- 
tricity. 

The properties of a true metal are better understood 
from this picture. Metals are good conductors of heat 
and electricity (because the unattached electrons are 
free to carry current). They are opaque.* They are 
ductile and malleable,‘ rather than brittle, due in 
some way to this particular type of metallic binding 
force. If the properties of the elements in any hori- 
zontal period of the periodic table are compared it may 
be seen that the so-called metallic characteristics de- 
crease as the element becomes less metallic in structure. 
For example, conductivity decreases and brittleness 
increases in going from Cu, Zn, Ga, Ge.** 

The case of tin is interesting. It is one of the border- 
line elements between Classes II and III. There are 
two forms of tin, white and grey. The white tin is an 
elongated cube (tetragonal) and the spheres are there- 
fore not as close-packed as in true metals. Neverthe- 
less it has some metallic properties, although it is a 
comparatively poor conductor of electricity and is 
quite brittle. Grey tin has the diamond structure, 
in which the atoms are held by homopolar rather than 
metallic forces, and so its properties are definitely non- 
metallic. 

Decided differences in properties between elements in 
different classes (e. g., Cu and As) are to be expected. 
There are also interesting variations among the true 
metals of Class I. 


CONDUCTIVITIES AND MELTING POINTS OF THE METALS 


In Figure 10 (lower graph) are plotted the atomic 
conductivities? of the metals of Class I and Class II. 


* The color of crystals is due to the effect of electrons vibrat- 
ing within them. Thus, a blue crystal appears blue because the 
vibration of the electrons within it is such that all the wave-lengths 
except blue, or of light complimentary to blue, are absorbed 
passing through the crystal. In a black substance such as char- 
coal the electrons are held with varying degrees of firmness 
and so all light ts absorbed. In metals, the electrons absorb 
all frequencies, but they immediately radiate them all again. 
This gives rise to the familiar metallic luster. Graphite is an 
unusual case. It forms a layer lattice, and each carbon atom 
has three neighbors within a given layer. But this leaves one 
electron on each atom unshared, and it is this more or less 
free electron which gives graphite its metallic properties. 

+ The ductility of metals is related to their close-packed struc- 
tures. The close-packing affords the largest number of ‘‘planes 
of flow’’ for the crystals. This is evidenced by the fact that face- 
centered cubic metals (which have the greater number of possible 
planes) are more ductile than hexagonal metals, even though they 
are both close-packed with C.N. = 12. 

** Conductivity increases again for arsenic and selenium, and 
these elements exhibit metallic luster. For this reason it is as- 
sumed by many that the forces between layers in arsenic and 
between chains in selenium must be metallic. 

t The specific conductivities of metals are not very useful for 
comparison, since they involve equal volumes rather than equal 
numbers of atoms. For the derivation of the term plotted in 

atomic conductivity 


(atomic volume) 2/3 see Hume-Rothery, 





Figure 10, namely, 


loc. cit., p. 4. 
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The Class I metals end at the vertical line drawn toward 
the right of the chart. One would expect the con- 
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ductivity of metals to increase with the mobility of the 
electrons which carry the current. This is evidently 
true, and is the predominant influence, since the chart 
shows unmistakably that the univalent metals are 
the best conductors, and the conductivity decreases 
sharply for the divalent metals and still further for the 
trivalent. It is of interest to note that the tetravalent 
metals (Ti, Zr, Hf) are very poor conductors and 
actually behave much like homopolar structures. 
Though they have close-packed hexagonal lattices and 
are classed with the true metals, they still retain a 
strong resemblance to the other members (C, Si, Ge) 
of Group IV. The “ups and downs” in conductivity 
from vanadium (Cb, Ta) through nickel (Pd, Pt) 
are due to the variable number of electrons in the outer 
shell of these transition elements (as evidenced by their 
variable valences). When we pass over the line from 
copper (Ag, Au) to zinc (Cd, Hg) we enter Class II 
in which the structures are distorted and so the con- 
ductivities cannot be explained as well. 

Aluminum stands out on the chart as an exception 
to the general trend. Its conductivity is actually 


greater than that of magnesium. A study of other 
properties of aluminum leads to the suspicion that it 
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is only partially ionized in the metallic state and there- 
fore exists as a univalent ion. 

If few electrons, weakly held, make for maximum 
conductivity in metals, they would also be expected 
to produce the weakest crystals. It is interesting, 
therefore, to consider the melting points of the metals 
as plotted in Figure 10 (upper graph). Although 
there are intermediate variations which are not ex- 
plained by our simple picture of the metal, in general 
the stronger metals are the poorest conductors of elec- 
tricity. Aluminum is again the exception. We have 
seen that the conductivity of aluminum is greater 
than would be expected, and it follows that aluminum 
should be abnormally weak and have a comparatively 
low melting point. This is confirmed by the position 
of aluminum in the chart. 

These relations help to clarify our picture of the 
metallic state—positive ions, held together by electrons 
more or less free to wander about among those ions. 
It is apparent that those metals which possess the 
smallest number of loosely held electrons are the best 
conductors of electricity and build the weakest crys- 
tals. 

We are accustomed to consider the hardness or tensile 
strength of a crystal as a measure of its strength and one 
would therefore expect these properties of metals to 
vary in the same regular manner as do the melting 
points. There is a general agreement, in that the low- 
melting metals are soft and exhibit low tensile strengths. 
It is not safe to carry the analogy too far, however, 
because tensile strength and hardness may be greatly 
influenced by the manner of working the metal* and 
it is difficult to obtain comparative data for metals 
which have all been treated the same way. 


THE METALLIC BOND IN IONIC COMPOUNDS 


There is an interesting group composed of com- 
pounds which are rather metallic in appearance and 
show other metallic characteristics. 

These are the sulfides, arsenides, tellurides, and 
selenides of a number of metals. While the structures 
of these are not thoroughly understood, particularly 
as regards the type of forces which hold the units to- 
gether, the properties of such crystals (opacity, elec- 
trical conductivity, ability to alloy with one of their 
constituents, etc.) support the idea that part of the 
binding forces at least are metallic. Two of these 
types are NiAs or FeS in the AX group (Figure 2, 
Part I) and pyrite (FeS2) in the AX. group (Figure 11). 
Let us glance at the model for pyrite. It is evident 
that there is something abnormal about it. The iron 
atoms are in a face-centered arrangement. But the 
sulfurs are paired; they exist as S, groups, probably 
as molecules. Whether the iron atoms are ionized or 
not is not known. At any rate it is believed the type 
of binding leaves some electrons free to wander and 
impart metallic properties to the crystals. 

* The tensile strength of cold drawn wire, for example, is always 


much greater than that of a casting of the same metal. See Part 
3 of this paper. 
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FIGURE 11.—THE STRUCTURE OF PyRITE, FeS: 


THE RELATION OF IONIC, HOMOPOLAR, AND METALLIC 
BONDS 


There is an interesting similarity in these three 
general types of bonding which is helpful as an aid to a 
satisfactory understanding of their natures. 

The ionic bond results when a metallic atom is able 
to give up its electron to a non-metallic atom. The 
former then becomes a positive ion, the latter a negative 
ion and the two are held together by attraction of op- 
posite forces. 

The transition from the ionic to the homopolar bond 
(sharing of electrons) may be viewed as an extreme case 
of polarization in which the positive and negative ion 
fields are so far distorted that they actually overlap 
and the two electrons are shared by the two atoms. 

Finally, there is a close relation between the homo- 
polar and metallic bonds; while in the homopolar bond 
two electrons are shared by two atoms and are held to 
those atoms, the metallic bond consists in the sharing 
of a small number of electrons by a larger number of 
ions. This makes it necessary for the electrons to cir- 
culate from ion to ion. 

The properties characteristic of these several types 
of binding are summarized in Table 3 (Part I). The 
intermediate types listed there may readily be under- 
stood if the three main types are clearly in mind. 


ALLOYS 


Civilization has passed through a Stone Age, a Bronze 
Age, and an Iron Age. Many would say that we are at 
present entering an Age of Alloys. As we learn more 
about them, alloys have become more and more valu- 
able in industry. Here again, however, it is only 
recently that we have begun to understand the funda- 
mental nature of alloys. Such understanding has al- 
ready been of great help in increasing the number of 
useful alloys available. 

When two (or more) metals are melted together 
and allowed to solidify, one of three things may 
happen. 
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1. The two may crystallize independently. The 
alloy will consist of an intimate mixture of the two 
crystal forms and is not homogeneous even though it 
may appear so. Its properties are apt to be the 
average of those of the two constituents. 

2. They may form solid solutions. 

3. They may form new, so-called intermetallic 
compounds. 


THE NATURE OF SOLID SOLUTIONS 


A solid solution is homogeneous and its composition 
may vary within certain limits. It is like any solution 
in that respect. Let us consider it from the stand- 
point of crystal structure however. 

Nickel may be dissolved in copper, forming a solid 
solution. During this process the nickel atoms re- 
place copper atoms in the face-centered cubic copper 
lattice. Every time a nickel atom is substituted for a 
copper atom the lattice shrinks a little (see atomic radii) 
and this change in size may be detected by X-ray analy- 
sis. As the percentage of nickel increases, there comes 
a time when the copper lattice cannot accept any more 
nickel. It is convenient to say that at this point copper 
(the solvent) is saturated with nickel (the solute). If 
any more nickel is added the crystal structure changes 
to that of nickel, in which some of the lattice points 
are occupied by copper atoms. At a given concentra- 
tion, then, we pass from a solid solution of nickel in 
copper to a solid solution of copper in nickel; marked 
by a change in the crystal structure from that of copper 
to that of nickel. It so happens that both copper and 
nickel have the same structure and therefore no sharp 
change occurs. The two are soluble in all proportions. 
This is called a continuous series of solid solutions. If 
nickel (face-centered cubic) is dissolved in chromium 
(body-centered cubic), when 37 per cent. of the chro- 
mium lattice points have been filled with nickel atoms, 
the chromium lattice becomes saturated and the addi- 
tion of more nickel causes it to change to the face- 
centered nickel lattice in which 63 per cent. of the 
points are occupied by chromium atoms. This is called 
a discontinuous series of solid solutions, the two metals 
agaiti being soluble in all proportions. 

The substitution of either larger or smaller atoms 
in a metallic lattice naturally causes distortion of the 
lattice. When this distortion becomes so great that the 
lattice is no longer stable, the solid solution is saturated 
and the addition of more solute will cause the lattice 
to change. 

There is an indication that the more non-metallic in 
nature the structure of the solute, the more it will dis- 
tort the lattice of a truly metallic solvent and the less 
soluble it will be in the metal. Thus, copper (a true 
metal) may be substituted in the nickel lattice without 
much distortion, while arsenic substituted in the same 
lattice would cause a great deal of distortion. 

It should be recalled that those elements which are 
most truly metallic are those whose structures resemble 
most accurately the close-packing of spheres, and that 
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as this close-packing becomes distorted (as in Zn and 
Cd, for example) the metallic properties become weaker. 
That is, the elements become (1) harder and more 
brittle, (2) less malleable and ductile, and (3) poorer 
conductors of electricity and heat. 

It is easy, then, to understand in a general way the 
properties of solid solutions, since they will depend on 
the distortion of the pure solvent lattice by the solute 
atoms. Solid solutions are harder and more brittle 
than pure metals. (Pure copper is harder than pure 
tin, but 5 per cent. of tin added to copper gives an 
alloy twice as hard as pure copper.) Their electrical 
resistance is greater. When the solute is a true metal 
the change of properties is not marked, since a true 
metal solute does not cause much distortion in a true 
metal solvent lattice. Very marked alteration of 
properties may result as the solute becomes less metal- 
lic, however. Many interesting applications of this 
principle may be recalled. Cadmium is added to 
copper to harden it, but does not seriously decrease its 
conductivity. A trace of arsenic (a ‘‘Class III’ struc- 
ture) in copper, however, decreases its conductivity over 
15 per cent. and is very objectionable. Solder (50 
Pb—50 Sn) is harder than pure lead, but a trace of 
arsenic in lead shot hardens the lead even more effec- 
tively than does tin. It should be noted that when a 
true metal is alloyed with a non-metal, the properties 
of the resulting solid solution are more metallic than 
those of the non-metal.* 


INTERMETALLIC COMPOUNDS 


If zinc is added to copper, the zinc atoms replace 
copper atoms in the face-centered cubic copper lattice. 
When 32 per cent. zinc has been added, the copper lat- 
tice is saturated and the addition of more zinc produces 
a new lattice which 1s not the hexagonal lattice of zinc. 
It is a structure differing from both zinc and copper 
and must therefore be due to a new compound formed 
between zinc and copper. In some alloys there may be 
only one such compound. In brass there are actually 
three such metallic compounds, known as £-, y- and 
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pounds to the composition of the alloy. The 7-brass 
is a solid solution of copper in zinc; a-brass is a solid 
solution of zinc in copper. 


* Attention should be called to an interesting group of binary 
alloys, those of the transition elements, with carbon, oxygen, 
and nitrogen. The resulting alloys—of iron and carbon, for 
example—are metallic in nature but the solid solutions formed 
are of a different nature than those already discussed. They 
are described as interstitial. The solute atoms do not replace 
the solvent atoms, but they fit into the empty spaces between 
the atoms of the solvent. 
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As shown in the diagram there are ranges of com- 
position in which two phases are mixed together; thus 
as zinc is added to copper, at about 32 per cent. zinc 
the copper is saturated with zinc and the f-brass ap- 
pears along with the a-brass. Not until 47 per cent. 
zinc is reached does the a-brass disappear entirely. 

These three compounds of copper and zinc (6-brass 
= CuZn, y-brass = CusZns, e-brass = CuZns) are 
typical of a large number of intermetallic compounds. 
In spite of their relative importance they are rarely 
mentioned in a beginning course in chemistry because, 
as may be seen, they have very unnatural looking 
formulas—unnatural from the valence standpoint. 
With the help of information we have accumulated in 
the course of our studies of crystal chemistry, however, 
we can at least develop a general idea as to the nature 
of these compounds. In the first place, if their proper- 
ties resemble those of metals, we should not expect 
them to have formulas which satisfy the usual valences 
of the metallic ions, for we now know that in the metal- 
lic state atoms are not held together by the transfer of 
electrons. This at once clears away a great stumbling 
block in the interpretation of these compounds, and 
we may investigate them further without worrying 
about valence. When we do this, however, we find that 
valence apparently does play a part in the formation 
of certain intermetallic compounds. A large number 
of alloys contain a compound corresponding to the 
y-brass. It is always cubic and is characterized by its 
large unit cell, containing from 52 to 416 atoms. A 
few of these compounds are listed in Table 13. It will 
be noticed that although there is no apparent regularity 
in the formulas, actually the ratio of the number of 
atoms to the number of valence electrons is constant 
throughout and is as 13:21. 


TABLE 13 

Formulas Atoms Valence Electrons 
y-Structures 

CusZns 13 21 

CuwAL 13 21 

CusSns 39 63 

AgsCds 13 21 

Nasi Pbs 39 63 
e-Structures 

CuZnsz + 7 

AgZns aa 7 

CusSn 4 7 


This suggests some sort of sharing of electrons be- 
tween a group of atoms and reminds us of the condition 
existing in a series of homopolar crystals previously 
studied. We found that a series like SnSn, InSb, 
CdTe, AgI all show the same structure and similar 
properties and, in all, the ratio of atoms to valence elec- 
trons is constant, being 2:8. (See page 597.) 

We may likewise consider a number of compounds of 
different metals which have all been found to have the 
hexagonal structure of ¢-brass. Examples are listed 
in Table 13 and the ratio of atoms to valence electrons 
is shown to be constant. ‘ 

If in the complicated intermetallic compounds 
listed above, the forces holding the atoms together are 








673 





in some degree homopolar rather than metallic, this 
should be evidenced by their properties. Asa matter of 
fact, we find such compounds very hard and brittle. 
The melting points are high, usually higher than that 
of either constituent. The electrical conductivity and 
ductility of these compounds are illustrated in the 
typical example of brass shown in Figure 13. 
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FicurE 13.—TuHeE Ductivity AND ELECTRICAL 
RESISTANCE OF BRASS 


It should be pointed out that all intermetallic 
compounds do not show these homopolar properties. 
From the figure it may be seen that 6-brass, CuZn, 
has a high conductivity, higher even than the solid solu- 
tion of zinc in copper. The structure of such com- 
pounds has not been completely explained, but it is 
reasonable to believe that it is such that the forces hold- 
ing the atoms together are metallic in nature, rather 
than homopolar. 

Many illustrations might be given of the very prac- 
tical value of our growing understanding of the nature 
of solid solutions and intermetallic compounds, but two 
must suffice. 

1. Practically all the brass used in industry is a- 
brass. It will machine well, is soft enough to be rolled 
or drawn, and has a desirable tensile strength. ‘White 
brass,” high in zinc, is used only occasionally for casting 
ornaments. 

In making band instruments those parts which must 
be shaped are a-brass. The keys, however, must be 
very rigid and hard in order that their action be efficient, 
and they are sometimes cast of y-brass. This intro- 
duces a complication in that the two brasses differ 
considerably in color. Of course, if the whole instru- 
ment is silver-plated this difficulty is overcome. 

2. <A bearing metal must be soft in order that after 
casting it may ‘‘work in’”’ to fit the shaft. Once having 
been fitted, however, it should resist abrasion. The 
ideal bearing metal, therefore, is a mixture of a com- 
pound and a solid solution. Babbitt metal (90 per 
cent. Sn, 8 per cent. Sb, 2 per cent. Cu) consists of the 
compounds SbSn and Cu;Sn embedded in tin. 

The most important features of compounds and solid 
solutions are compared in Table 14. 





674 


TABLE 14 
Solid Solutions Intermetallic Compounds 
Show properties of typical metal Many show homopolar properties 
Conductivity: High, but less than Low—many very resistant 
either pure constituent 
Hardness: Relatively soft, but Hard 
harder than either pure constitu- 


ent 

Ductility: Good, but less than pure Brittle 

constituent 

Melting Point: Generally lower High—may be higher than either 
than average of constituents, pure constituent 

sometimes lower than either 

pure metal 

Toughness and Strength: Greater Brittle—not particularly strong 
than pure constituents 
Color; Interesting but hard to 


predict 

For example: 75 Cu—25 Ni— 
white 
51.5 Cu—48.5 Sb 
—purple 
Au, Ag, Cd—green 
Au, Fe—blue 
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HOUR EXAMINATION IN CRYSTAL CHEMISTRY 


1. It has been found that all silicate crystals, no matter how 
complicated the formulas may appear, are constructed on a 
“framework’”’ of oxygenions. The arrangement of these ions 
forms the “skeleton”? and the other ions fit into suitable 
gaps in the oxygen skeleton. How many oxygen ions would 
you expect to find surround each of the following ions in a 
silicate crystal: Mg*t, Sitt, Na+? In what configuration 
would the oxygen ions be arranged around the Nat? Around 
the Sit? (20) 

2. (a) Classify the following substances on the basis of the types 

of forces which hold the building units in the crystal: 
KNO;, ZnS, NaziPbs, FeSs, Iz, Cu. Give a characteristic 
property of each. (12) 

(6) How do you account for the fact that silver and cadmium 
can form two intermetallic compounds Ag;Cds and 
AgCds;, in neither of which the usual valences are satis- 
fied? (8) 


3. (a) Name three properties which are more or less related to 


the strength of a crystal. (8) 

(6) List the following substances in order of their probable 
strength, placing the strongest first: NaF, CaO, KBr, 
Tic. (12) 

4. How many different crystal forms are represented in the 
following list? Describe any two of them. K,CuCl,-2H,0, 
CuBr, AgBr, (NH,)2CuCl,-2H,0, CoO, Cdl, SrFo2. (20) 

5. (a) What do you consider the chief structural characteristics 

of truly metallic elements? (5) 
(6) The diagram shows how the ductility (measured as per 
cent. elongation) of bronze varies with the composition. 


% 


ELONGATION 











100% Sn. 


act 


1 
o COMPOS/TION B 


Compare in as many respects as possible the probable 
differences in structure of the alloys represented by 
composition A and composition B. (15) 





The philosopher may be delighted with the extent of his views, the artificer with the readiness of his hands, 
but let the one remember that without mechanical performance, refined speculation is 
an empty dream, and the other that without theoretical reasoning, 
dexterity is little more than brute instinct.—S. Johnson 
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A NEW 
PERIODIC 
CHART 


JOHN D. CLARK 


Stanford University, California 


Twenty-two previous periodic arrangements of the 
elements have been briefly discussed. A new arrangement, 
based on a flattened spiral, has been proposed. Some 
definite advantages of this arrangement have been pointed 
out. 


++ eee + 


T IS universally recognized that there are several 

defects in Mendeléeff’s periodic arrangement of 

the elements. Among these are the similar arrange- 
ment of the main and the subgroup elements of each 
group, the extremely doubtful position of hydrogen, 
the inadequate representation of the rare earths, and, 
finally, the psychological fault of a lack of emphasis on 
the continuity of the series of elements, breaking them 
arbitrarily, as it does, into periods of eight, eighteen, 
and thirty-two elements. 

These defects have long been recognized, and a great 
many different representations of the table of the 
elements have been suggested. It will perhaps be 
convenient in criticizing some of these representations 
to list first some of the qualities of an ideal periodic 
chart, over and above those possessed by Mendeléeff’s. 


1. It should be as simple as possible. 

2. It should separate the main and the subgroups, but 
should, at the same time, show the relationship 
between them. 

3. It should have a natural and inevitable location for 
hydrogen, showing its relationship both to the 
alkali metals and to the halogens, but at the same 
time emphasizing its unique position in the series. 

4. It should emphasize the idea of continuity as well 
as that of periodicity. 

5. It should treat the rare earths adequately, but 
should not confuse them with the other groups. 

6. It should be convenient in shape and in representa- 
tion. 


The attempts that have been made to produce a 
more nearly perfect representation may be classified 
first as two-dimensional or three-dimensional. The 
two-dimensional representations may be divided again 
into two groups—the discontinuous and: the con- 
tinuous arrangements. Among the former there are 
three general types. 
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1. That of Mendeléeff! which has the defects already 
mentioned. 

2. The type proposed by Werner? whose periods are 
of unequal length, leaving many blank spaces not 
corresponding to missing elements, and which, 
although it provides extensively for the rare earths 
and separates the main groups from the subgroups 
neither shows the relationship between the latter 
two nor provides satisfactorily for hydrogen. It 
is also somewhat awkward and unsymmetrical in 

_ appearanice. 

3. Deming’s* arrangement is a compromise between 
Mendeléeff’s and Werner’s, being eighteen spaces 
across, instead of eight or nine in the former or 
thirty-two in the latter. It compresses the rare 
earths into the space normally occupied by one 
element, provides, though ‘awkwardly, for hy- 
drogen, and shows the relationship between the 
main and the subgroups. It is probably one of 
the best of the discontinuous two-dimensional ar- 
rangements, but is a trifle complicated. Antro- 
poff* has published an improved chart that is 
closely related to Deming’s. 


The continuous types of arrangement are more 
varied. They usually take a spiral form of one sort or 
another, of which there are four general types. 


1. The elements are arranged spirally around hydro- 
gen, making one complete turn for a short period 
and two for a long. Partington’s® chart is of this 
type, although hydrogen is not exactly at the 
center and the arrangement suffers to that extent. 
The rare earths are arranged radially. However, 
the subgroups are too closely tied to the main 
groups, as in the Mendeléeff table. Wells’s® ar- 
rangement is also of this type. Tansley’ has used 





1D. MENDELE£EFF, J. Russ. Phys.-Chem. Soc., 1, 60 (1869); 2, 
14 (1870); 4, 25, 348 (1871). 

2 A. WERNER, Ber., 38, 914 (Feb. 27, 1905). 

3B. S. Hopxins, ‘“‘Chemistry of the rarer elements,” D. C. 
Heath & Co., New York City, 1923, p. 14. 

4 A. v. ANTROPOFF, Z. angew. Chem., 39, 722 (June 10, 1926). 

5 J. R. PARTINGTON, Chem. News, 127, 304 (Dec. 24, 1926). 

6 P. V. WeLts, J. Wash. Acad. Sct., 8, 232 (1918). 

7L. B. TANSLEY, Chem. News, 122, 121 (Mar. 18, 1921). 
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the opposite arrangement, with uranium in the 
center and hydrogen on the rim, over fluorine, 
which is not completely satisfactory. Likewise, 
the rare earths are arranged spirally with the 
other elements, which arrangement does not, 
in general, agree with their chemical nature. 

2. The elements are arranged spirally around hydro- 
gen, making one complete turn for a long period, 
and one for two short periods. This arrangement 
has the disadvantage that it separates lithium 
from sodium, and shows the former as being more 
closely related to copper, and similarly for the 
other elements of the first period. Loew and 
Erdmann’ use this arrangement, although they 
omit hydrogen... They arrange the rare earths 
spirally, confusing them with the other groups, 
while Ryberg® arranges them radially. Johnson 
Stoney’s’® arrangement is similar to that of Loew 
and Erdmann. This arrangement, of course, fails 
to show the relationship between the main and the 
subgroups, and separates the first two periods. 

3. Caswell'!! uses a spiral which makes one turn for 
either a long or a short period. In the case of the 
latter, there is a gap of approximately 220° be- 
tween the second and third groups. In the outer 
turns this gap is of course filled by the transition 
elements. The rare earths are given the space of 
one element. This arrangement has the serious 
disadvantage that it implies a break between the 
second and third groups in the continuity of the 
first two periods. 

4. A double, or figure eight, spiral may be used, one 
loop being centered on hydrogen for the main 
groups, and the other for the transition groups. 
Nodder'’ uses an arrangement of this type. It is 
unduly complicated, and the relationship between 
the main and the subgroups is not distinctly indi- 
cated, and unfortunately the rare earths are mis- 
placed, but it is more satisfactory than most of the 
other arrangements. 

Three-dimensional arrangements show even more 
variation than do the two-dimensional schemes. The 
commonest arrangement is the helix, simple or com- 
plex. 

1. The best known helical arrangement, the single- 
centered type, is that of Harkins,'® which makes 
two loops of unequal radii for each long period. 
This model is quite satisfactory in most respects. 
It has a logical position for hydrogen, although 
it does not show its relationships with the I and 
VII groups, it separates the main and the sub- 
groups but shows the relationship between them, 
and it disposes of the rare earths in a most satis- 





8S. L. BicELow, ‘‘Theoretical and physical chemistry,” 
The Century Co., New York City, 1912, p. 96. 

9 J. R. RyBere, J. chim. phys., 12, 585 (Dec. 31, 1914). 

10 JOHNSON STONEY, Phil. Mag., [6], 4, 411 (Sept., 1902). 

11 A. E. CASWELL, Phys. Rev., 34, 543 (Aug. 1, 1929). 

12. C.R. Nopprr, Chem. News, 121, 269 (Dec. 3, 1920). 

18'W. D. HARKINS AND R. E. HALt, J. Am. Chem. Soc., 38, 
169 (Feb., 1916). 
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factory manner, ranging them vertically along the 
aluminum group vertical line. Its major fault is 
the arrangement of the radioactive isotopes in a 
similar manner. 

2. Emerson’s' helix makes one loop per short period 
and one per long. The relationship between the 
A and B subgroups is obscured, the rare earths are 
confused with the other elements, and several 
hypothetical proto-elements are inserted between 
hydrogen and helium and before hydrogen. Stinz- 
ing!® uses a somewhat similar helix, which is ar- 
ranged conically with hydrogen at the tip of the 
cone, where its relationships are quite clear. The 
relationship of the main groups to the subgroups 
is clearer than it is in Emerson’s arrangement, and 
clearer than it is in the somewhat similar arrange- 
ment of Courtines,!® which also suffers from the 
poor position of hydrogen, showing only its rela- 
tionship to the halogens. 

3. Among the complex helixes that of Soddy”’ is the 
best known. It is usually published in the form 
of the flat projection, but the three-dimensional 
form is clearer. Unfortunately, except in the case 
of group IV, the relationship between the main 
and the subgroups is not clearly indicated. The 
position of hydrogen shows its resemblance both 
to lithium and to fluorine, and the arrangement of 
the rare earths, when modified in accord with the 
discovery of hafnium, is quite satisfactory. Mon- 
roe and Turner!* and Schaltenbrand'® have pro- 
duced even more complicated helixes, which make 
more than one turn even for an eight-membered 
period. The complexity of these arrangements is 
their main fault. Monroe and Turner’s arrange- 
ment shows the unique nature of hydrogen more 
clearly than does that of Schaltenbrand, but the 
latter shows the main group-subgroup similarities 
to better advantage. 


Other three-dimensional arrangements have been 
used. Loring?® uses a system of long wedges, one for 
each period, the groupings of the elements being shown 
by the height above the base level. It has the dis- 
advantage of a lack of symmetry, and of a lack of 
obviousness in the chemical relationships, not only 
between the main and the subgroups, but even be- 
tween the elements in the main group. It also lacks 
continuity, and does not bring out the peculiar nature 
of hydrogen. Friend”! has arranged the elements on 
the surface of a sphere, with hydrogen at the pole; 
but his arrangement, while continuous, does not separate 





14.B. K. Emerson, Chem. Rev., 5, 215 (June, 1928). 

16H. Srinzine, Z. physik. Chem., 91, 500 (May 30, 1916). 

16M, CourTINEs, J. Cuem. Epuc., 2, 107 (Feb., 1925). 

17 F. Soppy, ‘“‘Chemistry of the radioactive elements,’’ Long- 
mans, Green & Co., London, 1914, Part II, p. 11. 
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the subgroups. Finally, Steinmetz?? has arranged the 
elements on a Riemann surface. While his arrange- 
ment has many advantages and may be justified 
theoretically, practically it is awkward and difficult 
to represent on a plane. 

With the defects of the previous arrangements in 
mind, the accompanying periodic chart was designed 
to embody as many as possible of the desirable qualities 
listed at the beginning of this article. 


1. It has been made as simple as possible. 

2. It separates the main groups and the subgroups, 
but at the same time shows the relationship be- 
tween them. Furthermore, it shows to some 
extent the degree of relationship by the length of 
the dotted line connecting the typical element 
with its subgroup. For instance, copper is less 
closely related to sodium than is gallium to alumi- 
num, as shown by the relative lengths of the con- 
necting lines. 

3. Hydrogen has been placed in its natural and in- 
evitable location at the center of the spiral, which 
position emphasizes its unique properties, and at 
the same time its relationship to lithium and its 
lesser relationship to fluorine are shown by the 





22 C. P. SrernmetTz, J. Am. Chem. Soc., 40, 733 (May, 1918). 
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relative lengths of the two dotted lines connecting 
it with these elements. 

4. The idea of continuity as well as that of periodicity 
has been emphasized by the continuous spiral 
arrangement. 

5. The rare earths have been placed between lan- 
thanum and hafnium. While this arrangement is 
not ideal, it shows the more important similarities 
of the rare earths to the other elements without 
damaging the essential simplicity of the arrange- 
ment. 

6. A two-dimensional arrangement has been chosen 
in the interests of convenience and ease of repro- 
duction, in which qualities a three-dimensional 
representation always fails. 


The chart has a further advantage in that various 
types of elements may be easily separated from the 
rest. For instance, if a vertical line is drawn between 
lanthanum and the rare earths, and is then continued 
downward and to the right, finally passing between the 
IB and the IIB groups, all the elements which produce 
colored ions will fall to the right of this line. Similar 
divisions may easily be made, separating the various 
types of atomic structure one from another, although 
the chart has been designed more from the chemical 
standpoint than from that of atomic structure. 





An APPROACH fo thee MODERN 
THEORY of SOLUTIONS 


JOHN R. SAMPEY 


Howard College, Birmingham, Alabama 


The approach to the theory of solutions is a problem 
which presents itself to every instructor of elementary 
analytical chemistry. Recent textbooks reflect radically 
different points of view, ranging from pleas not to teach 
the classical theory of ionization to frank statements of 
omission of all reference to modern concepts of strong 
electrolytes. The present article directs the student’s at- 
tention to some of the more significant limitations of 
Arrhenius’ theory, and then suggests several avenues of 
approach to the ton-attraction theory. 


+++ oo + 


NE of the most difficult problems facing the in- 
structor in qualitative analysis, or an elemen- 
tary course in quantitative analysis, is the ap- 

proach to the theory of solutions. The radically dif- 
ferent points of view on the question are well reflected 
in the prefaces to recent texts of analytical chemistry. 





The author of one will remind the instructor of the con- 
fusion of thought he experienced if dealing with anoma- 
lous strong electrolytes, and follow this with a plea 
not to teach the classical theory of ionization, since he 
will have to unteach part of it to reach the newer con- 
cepts. On the other hand, another text will state 
frankly that no effort will be made to present the modern 
theory of solutions, since this material belongs more 
properly to a course in physical chemistry. 

To one who has attempted to teach the usual one-year 
course in physical chemistry for undergraduates, any 
effort will be most welcome which can be made to 
strengthen the background for the wide range of topics 
covered in that course. The analytical courses should 
be peculiarly adapted to the teaching of the important 
branch of physical chemistry covered by solutions, 
for a more exact knowledge of this field will not only 
enable the student to obtain better analytical results 
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but, what is equally significant, an introduction to the 
development of this very modern phase of chemistry 
will help him maintain a keenly critical attitude of 
mind through a year or two that all too often degener- 
ates into the dull routine of mastering the tedious tech- 
nic of that division of chemistry which has been termed 
the ‘‘handmaid of the science.” 

The writer finds himself equally unsympathetic 
toward the attitude that the classical theory of ioniza- 
tion should be ignored. In the first place, the student 
through his high-school and first-year college chemistry 
is already acquainted with Arrhenius’ theory. In the 
second place, the fundamental concepts of Arrhenius 
hold for the behavior of weak electrolytes in very dilute 
solution. And finally, the growth of the modern theory 
can be traced most logically by beginning with the 
limitations of the classical theory, and from these pro- 
ceeding to outline the points of view emphasized to- 
day. At the risk of being pedantic, let us present a 
brief of the case. 

The anomaly of strong electrolytes is the most serious 
limitation of the Arrhenius theory. This is made more 
striking after it has been shown how the degree of ioni- 
zation may be determined for a weak electrolyte by 
measurements from the three fields of chemistry repre- 
sented by electrical conductivity, osmotic pressure 
(and the related phenomena of freezing points, boiling 
points, and vapor pressure), and chemical activity. 
The concordance of results from these independent 
methods, after accounting for certain disturbing in- 
fluences, makes a remarkable argument for the validity 
of the Arrhenius assumptions concerning partial ioniza- 
tion of weak electrolytes. The anomalous behavior of 
strong electrolytes, on the other hand, can be demon- 
strated from numerous attempts to determine the 
ionization constants of strong acids and bases. 

The classical theory may be shown to remain valid 
only for very dilute solutions of weak electrolytes. 
The seriousness of this limitation may be seen from data 
on solutions approaching the concentrations of those 
used frequently in qualitative and quantitative analysis. 

Perhaps the most interesting limitations from the 
student’s point of view may be drawn from the rich 
field of hydrogen-ion catalysis. The surprising effects 
of neutral salts on the rates of such familiar reactions 
as the inversion of cane sugar and the formation of an 
ester are sufficient to stimulate further inquiry. Why 
should the presence of a tenth-normal aqueous solution 
of a neutral salt increase twofold the dissociation of a 
weak acid catalyzing these reactions? And when 
ethyl alcohol is employed as the solvent, why should 
the same concentration of a neutral salt cause the dis- 
sociation of the acid to be about ten times as great as 
calculated from the classical law of mass action? Fur- 
thermore, if dilution increases ionization (as stated in 
one of the postulates of the classical theory), why 
should the rate of a reaction catalyzed by hydrogen 
ions be decreased on dilution of the acid? Gold- 


schmidt in 1895 was the first to observe the anti- 
catalytic effect of water; the interested student will 
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find many other illustrations of this phenomenon. 

To undertake anything approaching a survey of the 
whole battlefield of hydrogen-ion catalysis would 
prove too ambitious a program for even the superior 
student during his year or two of analytical chemistry, 
but an acquaintance with the rise and fall of some of 
the more important theories advanced in answer to 
the above questions will serve as one avenue of ap- 
proach to the modern theory of solutions. It was a 
long road from Arrhenius’ original assumptions of 
“activated” molecules through the theories of Arm- 
strong and Jones on hydration of ions, of Acree and 
Senter on the dual theory of catalysis, of Lapworth 
and Rice on unhydrated hydrogen ions, of Stieglitz 
and Kendall on intermediate compound formation, 
down to the thermodynamic points of view of Brgn- 
sted, La Mer, and Harned. The rival claims made 
by some of the proponents of the several theories will 
enliven for the student more than one otherwise dull 
article. In scarcely any other field of chemistry today 
will one find such accusations as the misrepresentation 
of data in thirty-nine out of seventy-five cases, or the 
charge that one of America’s leading physical chemists 
has not yet familiarized himself with modern concep- 
tions in the field of solutions. 

Another avenue of approach to the modern theory 
of solutions is through the stressing of the additive 
properties of strong electrolytes. The additive nature 
of the chemical properties of the ions has been the basis 
of every scheme of qualitative analysis. The addi- 
tivity of such physical properties as color, specific vol- 
umes, heat capacities, heats of reaction, refractive 
indices, and viscosities are not so well recognized. 
And it is only recently that emphasis has been laid 
upon the close agreement of the observed values for 
the conductivities of strong electrolytes and those cal- 
culated from the principle of additivity. 

Final acceptance of the complete dissociation of strong 
electrolytes was brought about through the X-ray 
study of salts and the formulation by Debye and 
Hiickel of a theoretical foundation for the ion-attrac- 
tion theory. The classical discoveries of Laue and 
W. H. and W. L. Bragg on the arrangements of the 
atoms in the crystal lattice of a salt left no ground for 
the former assumption that a crystalline true salt con- 
tained molecules of that salt. It remained for Debye 
and Hiickel to give the mathematical interpretation 
for the attraction and repulsion of the ions in a solution 
of a strong electrolyte. The actual experimental de- 
terminations of the activities of different ions under 
varying conditions and concentrations in aqueous and 
non-aqueous solutions are today being actively prose- 
cuted, and the formulation of a comprehensive theory 
of hydrogen-ion catalysis is by no means the least 
triumph of the ion-attraction theory. While a fuller 
appreciation for these contributions can come to the 
student only after a course in physical chemistry, the 
approach to the modern theory of solutions through 
these avenues has served the student of elementary 
analytical chemistry in more ways than one. 

















CLASS EXERCISES in the 


INDUSTRIAL CHEMISTRY COURSE’ 


I. Topic Reports on Literature Surveys 
KENNETH A. KOBE 


University of Washington, Seattle, Washington 


COURSE in industrial chemistry occupies a 
A place in the curriculum of every school offering a 

chemical engineering course or which trains its 
students so they can enter industrial work. Although 
industrial chemistry has been taught for a long period 
of time it does not possess the multiplicity of textbooks 
and the fixed objectives of the previous courses in in- 
organic and analytical chemistry. For this reason the 
course may fall into a series of formal lectures with very 
little emphasis placed upon outside assignments. The 
aims of the industrial chemistry course are: (a) to 
instil an enthusiasm for pure and applied chemistry 
into the student; (b) to show him how the principles 
learned in previous courses are applied in industry; and 
(c) to give him a knowledge of industrial materials and 
methods. These objectives may be attained in the 
lecture work. 

The outside assignments may have more utilitarian 
objectives, such as teaching the student to use the 
chemical literature and to write intelligent reports 
based upon these literature surveys. F.C. Whitmore! 
writes: ‘‘Most employers of chemists say that most 
of their men do not know how to use the library. Obvi- 
ously, the chemist seeking information should get it 
from the library if it is there rather than by using up 
valuable materials and more valuable time in the labo- 
ratory to find it out.’ The industrial chemistry course 
is the ideal one in which to give the student the neces- 
sary instruction and practice in searching the litera- 
ture, as the subjects available cover an extremely large 
field and may be correlated with the lecture work to 
give the student a specialized knowledge of one particu- 
lar phase of the lecture work. 


CHEMICAL LITERATURE 


The first lecture period of the course is devoted to a 
discussion of the chemical literature, the procedure in 
making a literature search, and the written report. 
The material for this lecture may be secured from Crane 
and Patterson, ‘‘The Literature of Chemistry’? and 
Mellon, ‘‘Chemical Publications.’’? 


* Delivered before the Division of Chemical Education at the 
Chicago meeting of the A. C. S., September 12, 1933. 

1 WHITMORE, “‘What employers of chemists want,” Ind. Eng. 
Chem., News Ed., 5, 4 (1927). 

2 CRANE AND PATTERSON, ‘‘The literature of chemistry,” 
John Wiley & Sons, Inc., New York City, 1927, 438 pp. 

3 MELLON, “Chemical publications,”” McGraw-Hill Book Co., 
Inc., New York City, 1928. 
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Encyclopedias. One must have a general idea of 
the field before seeking detailed information. This 
general description may be secured from encyclopedic 
works. A great deal can be found in such sources 
as the Encyclopedia Brittannica or Americana before 
turning to such chemical works as Thorpe’s ‘Dictionary 
of Applied Chemistry’? or Mellor’s ‘‘Comprehensive 
Treatise on Inorganic and Theoretical Chemistry.” 

Monographs. The books on special topics offer a 
more specialized source of information. Such series 
as the American Chemical Society series of monographs 
on pure and applied chemistry and various publishers’ 
series represent these sources. The student may be 
impressed with the fact that a book is at least two years 
behind the current literature when it is published, so 
he must develop the habit of noting the year of publi- 
cation on the title page. This tells him that he must 
begin his periodical search two or three years previous 
to the date of publication. 

Abstract Journals. The practice of finding periodical 
literature on any given subject must be described in 
detail. Chemical Abstracts, Zentralblatt, British Chemi- 
cal Abstracts, Industrial Arts Index, and Engineering 
Index are described in detail and their relative values 
indicated. It is soon noted that students prefer to use 
the Engineering Index and Industrial Arts Index instead 
of Chemical Abstracts. This practice is only natural 
as these indexes offer an easier source of the leading 
articles than does Chemical Abstracts. It must be 
pointed out to the student that he is overlooking a 
number of excellent references when he does not use 
Chemical Abstracts and by citing definite references on 
his subject the instructor can impress this fact upon 
the student. Such sources as the “Bibliography of 
Bibliographies on Chemistry and Chemical Tech- 
nology’’* are of value to both the instructor and the 
student. 

Industrial Journals. The various industrial journals 
in chemistry are described in detail—Chemical and 
Metallurgical Engineering, Industrial and Engineering 
Chemistry, Chemistry and Industry, Journal of the So- 
ciety of Chemical Industry, Transactions of the American 
Institute of Chemical Engineers, Zeitschrift fir ange- 
wandte Chemie, and Chimie et indusirie. The type of 
article to be found in Chemical and Metallurgical Engi- 





4 WEsT AND BEROLZHEIMER, ‘“‘Bibliography of bibliographies 
on chemistry and chemical technology, 1900-1924, 1924-28, 
1929-31,” Bulletins 50, 71, and 86. 
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neering is compared with those of Industrial and Engi- 
neering Chemistry. The journals in related engineering 
fields are briefly mentioned—the Proceedings and 
Standards of the American Society for Testing Materials, 
the Journal of the Franklin Institute, Power Plant Engi- 
neering, Mining and Metallurgy, and others. 

Chemistry Journals. Those journals devoted to pure 
chemistry which are of importance are briefly described, 
as the Journal of the American Chemical Society, Journal 
of Physical Chemistry, Journal of the Chemical Society, 
the Berichte der deutschen chemischen Gesellschaft, and 
the Bulletin de la société chimique de France. Chemical 
Reviews and Sammlung chemischer und chemisch-tech- 
nischer Vortrage are described as sources for lengthy 
reviews on various subjects, usually in pure chemistry. 

Public Documents. The publications of the U. S. 
Bureau of Mines, Bureau of Standards, Department of 
Agriculture, Geological Survey, etc., are described. 
The Reports of the Tariff Commission are described in 
detail as here may be found data on manufacturing costs, 
imports, exports, tariffs, etc. Apparently these reports 
are not abstracted by Chemical Abstracts, but they de- 
serve inspection by the student because of their eco- 
nomic data. For example, figures for the cost of manu- 
facture of lithopone' are given for such items as material 
cost, direct labor cost, factory overhead, selling expense, 
total cost, average net sales price, and apparent average 
profit. 

Library Files. The search of the abstract journals 
soon uncovers references to journals with which the 
student is unfamiliar. He asks at the university li- 
brary and finds that there is no file of that journal. 
The student may save himself many steps by consulting 
the ‘‘List of Periodicals Abstracted by Chemical Ab- 
stracts with Key to Library Files’ bound as pages 6019 
to 6160 in Chemical Abstracts for 1931. The “Union 
List of Serials’ will give the same information. 


SUBJECTS FOR REPORTS 

The subjects for the literature survey and report are 
generally selected from the lecture material covered 
during the period of time in which the survey is being 
made. For example, during the first two or three weeks 
of the first quarter the lecture material covers ‘“The 
Atmosphere and the Compressed Gases” and ‘“‘Indus- 
trial Water.’ All details of these various subjects 
cannot be covered and some are merely mentioned. 
These subjects can be assigned to the students for litera- 
ture surveys and reports. Some of the subjects as- 
signed which cover this lecture work are given below. 


The Inert Gases 

Solid Carbon Dioxide 

Liquid Sulfur Dioxide 

Forced Growth of Plants with Carbon Dioxide 
Atomic Hydrogen 

Liquid Oxygen Explosives 

War Gases 


NOP WN 





5 U.S. Tariff Commission, Tariff Information Series No. 24, 
“Production costs in the lithopone industry,’”’ Government Print- 
ing Office, 1921. 
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8. Electrical Precipitation of Smokes and Fumes 
9. Oxygen-enriched Air for Combustion 

10. Production of Oxygen by Chemical Processes 

11. Removal of Tastes and Odors from Water 

12. Manganese in Water Supplies 

13. By-product Recovery from Garbage 

14. Gases from Sewage Digestion 

15. Disposal of Pulp Plant Wastes 

16. Scale Removal from Water Pipes and Boilers 


As the instructor becomes familiar with the capa- 
bilities and interests of his students, he can pick the man 
for the topic. Individual topics are essential, for in 
order to insure individual work and impress upon the 
student the value of the work he is to do, he must know 
that he alone can do the work for which he will receive 
the credit due him. 

The student usually calls on the instructor for addi- 
tional information concerning his topic. He is given a 
more concrete idea of just what he is expected to cover 
in his report and possibly some sources of information 
are mentioned. After the student has made a prelimi- 
nary survey to familiarize himself with the general field 
he may again call and discuss the subject. He may 
find that the field is too broad, or that some particular 
phase of the more general topic interests him. greatly, 
thus the exact field of material to be covered is decided 
upon by the student and the instructor. Since a num- 
ber of students have a tendency to allow their search to 
wait until the report is almost due, it is well to have 
the student turn in four or five short abstracts of ar- 
ticles on his subject at the end of the first week. This 
will familiarize him with the amount of work ahead of 
him and interest him in the subject so that he will con- 
tinue with his report. 


LOCAL SURVEY 


To further interest the student in his subject and to 
make him see a practical application of his accumulated 
knowledge he is asked to make a local survey of the in- 
dustry or process covered in his report. Does the in- 
dustry or process exist in this region? To what extent? 
Could it exist here? Why not? How could a demand 
be created? What industries might be interested in 
the process? Such questions bring him the application 
of the knowledge gained in making the literature search. 
For example, the student who wrote his report on ‘‘By- 
product Recovery from Garbage” had some highly in- 
teresting theories on the disposal of the Seattle garbage 
other than the present practice of dumping to fill 
marshy ground. Other topics do not lend themselves 
as readily to a local survey, but the thinking student 
will usually have some ideas, no matter how far-fetched 
they may be. 

REFERENCES 


References to the articles from which the information 
and data in the reports were secured are extremely im- 
portant. The student is required to give literature 
references so he will become accustomed to this prac- 
tice, and as an aid to the instructor in evaluating his 
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report. The method of making literature citations as 
used by the JOURNAL OF CHEMICAL EDUCATION may 
be employed, or a modified system may be used. Rigid 
adherence to the system selected must be enforced or 
a multiplicity of systems will immediately descend upon 
the class. Each student may be given a mimeographed 
sheet giving the method to be followed. In the writer’s 
classes the following system is used. The name of the 
worker or the statement from the original work should 
be followed by a number (R-1) referring to the number 
of the reference given at the end of the paper under 
“Literature Cited,” where these will be arranged con- 
secutively according to number, (R-1), (R-2), (R-3), 
etc. Articles and books bearing on the subject but not 
cited directly may be placed in a section ‘‘General 
Bibliography,” following the ‘“‘Literature Cited.” 

Reference to books are given as follows: names of 
authors, title of book, year of publication, publisher, 
pages cited. 


(R-4) Rideal and Taylor, ‘‘Catalysis in Theory and 
Practice,” 1926, Macmillan & Co., pages 96-98. 

Reference to articles in periodicals are given as follows: 

names of authors, title of article, publication, volume, 

page (year). 

(R-5) Taylor, Chilton, and Handford, ‘‘Manufacture 
of Nitric Acid by the Oxidation of Ammonia,” 
Ind. Eng. Chem., 23, 860 (1931). 


If the name of the periodical is abbreviated, the stand- 
ard abbreviation of Chemical Abstracts shall be used. If 
reference is made to an article which could not be se- 
cured, but was abstracted, the abstract reference shall 
also be indicated. 


(R-6) Andreasen, ““The Fineness of Solid Materials,’’ 
Dansks Tids. Farms, 4, 261 (1930); C. A. 25, 
5719 (1931). = 


THE WRITTEN REPORT 


The report is written according to the best practice 
in engineering report writing as prescribed by the De- 
partment of Engineering English. The student must 
be encouraged to present a well-written report. Sucha 


8 See, for example: 
i “Vivid technical reports,’ Chemist, 9, 40 (Jan. 
1932). 
Co tins, ‘‘How to write in English without English,” Chem. 
& Met. Eng., 36, 619 (1929). 
HowE tt, ‘‘A handbook of English in engineering usage,” 
John Wiley & Sons, Inc., New York City, 1930. 
RICKARD, ‘Technical writing,’’ John Wiley & Sons, Inc., 
New York City, 1932. 
GauM AND GRAVES, “‘Report writing,” Prentice-Hall, Inc., 
New York City, 1929. 
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device may be used as asking that the report be written 
from an outline which will be included at the front of 
the report as a table of contents. In order that the 
student may see literature reviews on certain subjects, 
the articles in Chemical Reviews may be pointed out as 
examples.” Codperation with the English Department 
may be secured, where correction of grammar, sentence 
structure, punctuation, etc., will be made. The stu- 
dent is asked to include flowsheets wherever possible.® 


EVALUATION OF THE REPORT 


The student must be made to feel that his report is 
worth the time he has spent in making a satisfactory 
survey. He must be told that the report carries a 
certain weight in his grade in the course. Thus, if he 
will not work for the sake of the interest in the subject, 
he may work for the sake of the grade—at least, a thor- 
ough job is the result. As the instructor grades the 
reports certain questions covering the subject itself, 
closely related subjects, or the local survey may arise in 
his mind. At the first examination period following 
the grading of the reports, these questions on the re- 
ports may be used to make an individual examination 
question to be added to the list of class questions. For 
example, an excellent paper on ‘“‘War Gases’’ was pre- 
sented which brought forth several questions, so that 
this student in the examination was asked: 

(a) What was ‘vomiting gas’? (6) In the case of 
a national emergency, what chemical warfare agent 
could be immediately produced in this district? 
Where? Whattonnage?”’ Despite his excellent paper, 
the student did not realize that the electrochemical in- 
dustry of the Puget Sound district represented a chemi- 
cal warfare procurement source. 

Such devices impress upon the student that the in- 
structor considers this work to be an essential part of 
the course and that his ability is reflected in his grade. 
Fortunately, such methods are not always needed for 
it is usually found that the student interests himself in 
the subject, strives for a complete knowledge of his 
topic, repeats experiments or constructs model appa- 
ratus to demonstrate his subject, and may even sug- 
gest a topic for his senior thesis. | 





7 See, for example: 
Brooks, “‘The manufacture of alcohols from hydrocarbons,”’ 
Chem. Rev., 2, 369-94 (1925). 
GRAY AND STAUD, ‘‘Recent advances in cellulose and starch 
chemistry,” tbid., 4, 355-73 (1927). 
EGLOFF AND SCHAAD, ‘‘The oxidation of the gaseous paraf- 
fin hydrocarbons,”’ ibid., 6, 91-141 (1929). 

8 RICHARDS, ‘“‘Flowsheets and their development,” Jnd. 

Chemist, 8, 399 (1932). 








The STORY of ZINC. 


IT 


H. R. HANLEYt 


School of Mines and Metallurgy, University of Missouri, Rolla, Missouri 


The second instalment of ‘“‘The Story of Zinc’ em- 
braces the chemical processes occurring during desulfuriza- 
tion, the fundamental features of reduction of the zinc 
compounds in the ore, and of the condensation of the zinc 
vapor to metallic form. Typical operations are described. 


++ + + + + 


CHEMICAL PROCESSES OCCURRING DURING ROASTING 
eon a sulfide ore means oxidizing it in an 


incandescent state with atmospheric oxygen. 
Blende roasts slowly, as the mineral does not 
expand and become porous. The air for its oxidation 
has to penetrate the surface of the oxide to reach the 
center of the sulfide grain. The behavior of blende in 


roasting may be theoretically expressed: 
2ZnS + 302 = 2ZnO + 2SO, 


* Part I appeared in the October issue. 
{ Mining and metallurgical engineer, professor of metallurgy. 


This reaction does not express quantitatively the results 
of roasting. It probably represents approximately the 
oxidation of the ore particles below the surface of the 
charge where the gases in the interstices cannot be re- 
moved. Accordingly these become concentrated in SO, 
and depleted in oxygen to such a degree that the roast- 
ingstops. This condition is reached within two or three 
seconds after rabbling. A large excess of air is required 
to roast a concentrate at a commercial rate. This may 
be shown by the following equation: 


2ZnS + 802 = 2ZnO + 2SO2 + 50, 


The diluting nitrogen and excess oxygen lower the con- 
centration of the SO, to approximately 5.5% by vol- 
ume. The small amount of zinc sulfate formed in roast- 
ing is not shown in the reaction. The calorific value 
of blende is sufficient to maintain a practical roasting 
temperature in desulfurizing between the limits of 30% 
and 9% sulfur in a multiple-hearth furnace. Below 
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this percentage of sulfur, burning of extraneous fuel 
is necessary unless a special type of furnace is used. 
The following equations approximately represent the 
exothermic conditions inasmuch as these heats of forma- 
tion are valid only when 
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in the metallurgy of iron, copper, or lead has been im- 
possible. Consequently, the pyrometallurgy of zinc has 
changed but little in the past hundred years, with the 
exception of the introduction of the New Jersey Zinc 
Company’s vertical retort. 
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the products are cooled to se — 
larei 7). \ 
zero. They show, how- — 
ever, by a large margin, seh on 
the exothermic nature of 
the desulfurization. r; “Hearth 
2ZnS + 30, = ZnO + ZnSO, gn 
+ SO2 + 297,600 Cal. ea ene 
2ZnS + 3802 = 2ZnO + 2SO, ai 
+ 222,200 Cal. nant Plate os YR 
oy See shown, cuts oF FT any 
The elimination of sul- —_” wes 
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30% and 1% may be ac- AS =2yen 
complished in a multiple- A UES 
hearth furnace without ex- y = 
traneous fuel. This may 4 Wiss? 
occur by a distribution of 4 V4 y 
heat by delivering red-hot ‘aa? T 
ore from the hearths in . 
which it is present in ex- 
cess of requirements, to 
those hearths where there 
is a deficit. Furnaces 
utilizing this heat equalization process have been in 
operation for years in the production of a calcine from 
which pure zinc oxide is made. 

The fuel consumption in desulfurizing varies greatly 
depending on the method and equipment employed. 
For example, desulfurizing in a muffle type of furnace, 
such as the Hegeler, fired with producer gas, consumes 
coal equivalent to 35% to 40% of the weight of the 
concentrate. A reverbatory furnace such as the Ropp 
(see Figure 3) consumes coal equivalent to 20% to 25% 
of the weight of the concentrate, or 12,500 cubic feet of 
natural gas per ton of ore. When the Ropp furnace 
is used as a pre-roaster, desulfurizing from 30% to 10% 
sulfur, the coal consumption is reduced to approxi- 
mately 7% of the weight of the concentrate, or about 
4200 cubic feet of natural gas per ton. The multiple- 
hearth furnaces such as the Wedge (see Figure 4), 
Herreshoff, McDougall, Skinner, etc., require practically 
no fuel in desulfurizing from 30% to 8% sulfur but if 
greater desulfurization is desired, the burning of natural 
gas to a slight extent is resorted to. Natural gas is 
generally used for igniting the charge on the Dwight- 
Lloyd sintering machine. The consumption varies with 
the type of burner, low-pressure burners consuming ap- 
proximately 300 cubic feet per ton and the high-pres- 
sure type about half of this amount. 


A Hearth 


REDUCTION AND DISTILLATION 


The distillation division is simple in theory but its 
practical application is attended by many inherent dif- 
ficulties. A process requiring distillation bf a metal 
is generally carried out in a relatively small vessel. 
Development on a large scale such as has been followed 
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FIGURE 4.—WEDGE ROASTING FURNACE 
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sequently the vapor is the 
primary product of reduc- 
tion. The amount of zinc 
condensed from the pri- 
mary vapor is smaller than 
would otherwise be expected because of the fact that 
this vapor is very susceptible to oxidation, even by car- 
bon dioxide. It is also necessary to produce a gas 
stream containing a substantial proportion of zine va- 
por. The heating of the charge must be done through 
the walls of the clay retorts, which at best are poor 
conductors of heat. All of these characteristics tend 
to restrict the size of each unit of production. Under 
these limited conditions, it is not possible to effect 
mechanization to any important degree. 

In practice the zinc oxide sinter or calcine is mixed 
with fine coal and heated to the requisite temperature in 
a cylindrical clay retort from which the zinc vapor is 
expelled by the inherent pressure. The vapor is con- 
densed in a conical clay vessel which is luted to the end 
of the retort. 

There are three pertinent reactions representing this 
process of reduction: 


\Water Pipes 
trom firms 
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ZnO + C = Zn (vapor) + CO (1) 
ZnO + CO = Zn (vapor) + CO, (2) 
CO, + C = 2CO (3) 


Equation (1) produces zinc vapor and initiates the pro- 
duction of carbon monoxide; the latter reduces an- 
other quota of zinc oxide, yielding a similar volume 
of zinc vapor and in this case carbon dioxide. The 
carbon dioxide in contact with carbon, above 1000°C., 
regenerates carbon monoxide which again participates 
in another cycle of reduction. Maier and Ralston 
(10) have shown that the products of these reactions 
are produced continuously only above certain minimum 
temperatures. Reaction (2) is rapid even at tempera- 
tures below 700°C., but reaction (3) is slow below 
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1000°C. Therefore, in a commercial retort operation, 
the high temperature, 1250° to 1300°C., is not necessary 
for either the carbon or carbon monoxide reductions, but 
to expedite the slow producer gas reaction (3). Reduc- 
ing carbon mixed with zinc oxide calcine is present to 
the extent of over three times the theoretical amount to 
insure a rapid reduction of the carbon dioxide. 


REDUCTION COAL 


In the reaction, ZnO + C = Zn + CO, 0.148 part 
of carbon is required for one part of pure ZnO. For 
a calcine containing 70% Zn there will be needed 0.129 
partofcarbon. Actually there would be used approxi- 
mately 0.4 part of carbon or 3.1 times the theoretical 
amount. This requirement would provide coal equal 
to 60% of the calcine weight. Reduction coal also 
absorbs slag or matte that may be formed in the ac- 
tion, thereby preventing corrosion of the clay retort. 


HEATING COAL (11) 


If we consider cold ZnO and C charged into a retort 
and heated up to 1300°C. and the reaction ending at 
this temperature, as is common in practice, the follow- 
ing heat units are required: 


znO + C = Zn + CO Calories 

— 84,800 + 29,166 — 53,634 

Heat in 65 parts of Zn at 1300°C. — 38,195 
Heat in 28 parts of CO at 1300°C. — 9,766 
Total heat required for 65 Kg. of Zn 101,595 


One Kg. of Zn requires 1561 Cal., corresponding to 
0.193 Kg. of pure carbon, or 0.224 Kg. of coal having a 
calorific value of 7000 Cal./Kg. In practice the lowest 
coal consumption would be about 1.17 parts of coal to 
1 part of calcine, containing 70% Zn, 90% of which is 
recovered. The coal requirement would therefore be: 


117 
0.70 X 0.90 
1.86 
0.197 


= 1.86 Kg. coal/Kg. of Zn, or 


= 9.4 times the theoretical amount. 


Actually more heat is required than that allocated to 
the zinc oxide because of impurities such as the small 
amounts of lead and iron oxides present in the charge. 
The approximate coal consumption for the process may 
be seen in Table 1, prepared 
by Dr. C. H. Fulton (12). 
The figures refer to one ton 
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TABLE 1 
Reduction 
Heating Reduction Coal for Luting 

Furnace Coal Coal Blue Powd. Coal Total 
Old-type 3000 Ib. 750 Ib. 130 Ib. 120 Ib. 4000 Ib. 
Natural-gas 30,000 ft.? 750 Ib. 130 Ib. 120 Ib. 1000 Ib. + 

gas 

Regenerative 2000 Ib. 750 Ib. 130 Ib. 120 Ib. 3000 Ib. 


Dr. W. R. Ingalls, in his writings, has contributed 
much that is valuable to the metallurgy of zinc. He 
ably describes the method of operating zinc furnaces 
(13), in substance as follows. As practically carried 
out, zinc distillation is an intermittent process embrac- 
ing four stages. First Stage: The maneuver, includ- 
ing the withdrawing of spent residues from a previous 
charge; replacing broken retorts and charging the 
heated retorts with prepared ore and coal. This stage 
may take from three to five hours. Second Stage: 
The preliminary reduction of metals other than zinc, 
evaporation of water, and volatilization of the hydro- 
carbons in the coal occurring during this stage. This 
period extends for about two or three hours, with the 
temperature gradually increasing. Hydrocarbons burn 
at the nose end of the condenser during the primary 
reduction. However, since the metallic oxides are re- 
duced with solid carbon, the gas stream becomes en- 
riched in carbon monoxide causing the flame to burn 
with a characteristic purple color. When the actual 
distillation of the zinc starts, the border of the flame 
becomes tinged with green. The appearance of this 
color marks the end of this stage. There is, however, 
some overlapping of reactions taking place in the second 
and third stages. The percentage of carbon dioxide is 
relatively high during the second stage. Third Stage: 
This is the period of intensive action. Zinc oxide is 
rapidly reduced and the metal distilled for approxi- 
mately twelve to fourteen hours. The gases are high 
in carbon monoxide and low in carbon dioxide. Fourth 
Stage: This is the period of waning distillation. The 
temperature is raised to promote reduction which has 
become sluggish by lessened contacts among residual 
zinc oxide and coal particles. Approximately four to 


five hours are consumed. At the end of this stage the 
condenser flame resumes its purple color due to carbon 
monoxide. 


This indicator marks the end of the last 

stage when preparations are 

made for the next cycle. 
Figure 5 shows three 





of raw 60% concentrate. 
Experience has shown 

that the reducing fuel 

should be low in sulfur and 





types of retorts and con- 
densers. Figure 6 shows 
the Convers-De Saulles dis- 
tillation furnace with heat 
recuperator. 





also low in volatile matter 
but not free from it. An- 
thracite coal answers this 
requirement. The following 





There are obstacles in the 
way of making zinc reduc- 
tion a continuous process. 
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The ore and coal in the 
annular zone against the 
wall of the retort receive 
the first heat from the fur- 
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FIGURE 5.—THREE TYPES OF RETORTS AND CONDENSERS 
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becomes dry, primary re- 
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duction starts. Then another annular zone of ore and 
coal undergoes a similar treatment and so on succes- 
sively until the entire cylinder of mixture has been 
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SECTION A-B 


FIGURE 6,—CONVERS-DE SAULLES DISTILLATION FURNACE 


raised to the primary reduction temperature. The first 
(outer) zone enters the active distillation stage when 
the inner zones are in the process of primary action. 
This overlapping of primary and active reduction causes 
zinc vapor from the former and a relatively high per- 
centage of carbon dioxide from the latter to enter the 
condenser simultaneously. 

Inasmuch as zinc vapor is oxidized by carbon dioxide 
at definite concentrations and temperatures, there will 
be produced a certain amount of oxide product which 
has been named ‘‘blue powder” by the industry. The 
amount of blue powder produced is limited because of 
the termination of the primary reduction, when the 
entire content of the retort enters the stage of high- 
temperature reduction. Beyond this point there is 
but little, if any, chemical blue powder formed. If a 
properly heated retort were to receive continuously 
cold roasted ore and coal, primary reduction would 
continuously be taking place simultaneously with the 
active reduction, with the consequent result of continu- 
ous oxidation of the zinc vapor to the oxide product, 
chemical blue powder. Fortunately, more than two- 
thirds of the retort reduction takes place at high tem- 
perature, which condition makes possible the successful 
production of zinc in the unoxidized form. 

The process can be made continuous by ,performing 

‘the primary reduction in a separate furnace and feeding 
the partially reduced hot ore or briquettes into the 
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heated retort. The New Jersey Zinc Co. (14) reduces 
its zinc ores in this manner. The oxide ore is mixed 
with fine coal and a binder which, under the influence 
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of heat and pressure, cements the particles together 
in egg-shaped briquettes. These ‘‘eggettes’’ are then 
heated in a separate furnace to develop the primary 
reduction referred to and then delivered to the top of 
a large vertical retort. This retort is approximately 15 
inches in diameter and 30 feet in height. It is com- 
posed of a suitable refractory having a high thermal 
conductivity.. A certain portion of the retort is heated 
to the commercial reduction temperature while the 
upper portion, which is not externally heated, serves 
the special purpose of purification of the gas stream. 
This is particularly true with respect to lead. 

A possible explanation of the de-leading of the gas 
stream follows. Solid or vaporous lead oxide is re- 
duced to metallic lead by either carbon monoxide or 
solid carbon. Some of this metallic lead is in the state 
of vapor and it passes up with the zinc vapor through 
the cooler portion of the retort which is maintained at 
a temperature above the condensing temperature of 
zinc but below the condensing point of lead. However, 
some lead condenses in the upper, relatively cooler part 
on the zinc oxide eggettes. These eggettes containing 
the condensed lead gravitate through the heated zone 
below. Lead in the liquid metallic form has a rela- 
tively low vapor pressure at the temperature of the 
zinc oxide reduction, consequently the lead accompanies 
the de-zincked eggettes which are finally passed out 
of the bottom of the furnace. In this continuous proc- 
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ess, it is essential that the eggettes do not disintegrate 
physically and lose their form, otherwise the free pass- 
age of the zinc vapor and gases would become blocked. 
The condensers used in connection with these vertical 
retorts are very much larger than the standard vessel 
which is used with the usual horizontal retort. 


FUNDAMENTALS OF THE CONDENSATION OF ZINC VAPOR 


If a kettle of zinc were brought to the boiling point 
(930°C.) the atmosphere immediately above the bath 
would consist exclusively of zinc vapor; this atmos- 
phere would be under a pressure of 760 mm. of mercury 
at sea level. If an inert gas were substituted for half 
the vapor, then the latter would occupy one-half the 
total volume and accordingly would be under a partial 
pressure of 380 mm. of mercury. 

When zinc oxide is reduced by carbon, 


ZnO + C = Zn + CO, 


a mixture of carbon monoxide and zinc vapor is pro- 
duced in equal parts by volume. When zinc oxide is 
reduced by methane according to the reaction, 


ZnO + CH, = Zn + CO + 22, 


the gas mixture contains zinc vapor only to the extent 
of 25% of the total volume. Accordingly this vapor 
would be under a partial pressure of 190 mm. The dew 
points of the zinc vapor under three conditions stated, 
are as follows: 930°C., for the full atmosphere of 760 
mm.; 862°C., for 380 mm.; and 800°C., for 190 mm. 
Figure 7 shows the partial pressure of saturated zinc 
vapor at various temperatures, according to Barus. 

In a mixture of zinc vapor with other gases, zinc 
vapor starts to condense when the partial pressure of 
the vapor of the mixture is equal to the saturated vapor 
pressure of molten zinc (15). Zinc, therefore, will 
not start to condense from a mixture of gases at atmos- 
pheric pressure until a temperature considerably below 
that at which pure zinc vapor will condense is reached. 
Then, as zinc vapor condenses, the partial pressure of 
its vapor in the diluting gases is decreased and the 
temperature must be still further lowered to condense 
another quota of zinc. The temperature is continu- 
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FIGURE 7.—VAPOR TENSION OF ZN IN MM. OF HG vs, TEM- 
PERATURE IN °C. AS DETERMINED BY BARUS 
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ously lowered until the amount of vapor is depleted to 
an economic limit. This procedure is similar to the 
condensation of water vapor from air. 

Barus measured the vapor tension of saturated zinc 
vapor for various temperatures, and from the smooth 
curve representing this relationship any values for 
these coérdinates are easily observed. Richards (16) 
observed that the partial pressure of zinc vapor satu- 
rated at any temperature may be calculated for each 
temperature by correlating the changes in vapor ten- 
sion of Zn and Hg near their boiling points with the ab- 
solute temperature of these metals. Thus for Zn, 
the maximum tension increases 6.67 mm. for each de- 
gree C. increase in temperature near the boiling point, 
while the corresponding figure for mercury is 12.66 mm. 
If a comparison is made of the normal boiling points of 
Zn and Hg expressed in absolute temperature, with the 
observed variation in the vapor tensions near the 
normal boiling point, these ratios are equal, thus: 


variation of v. t. of Hg 12.66 = 1.90 

variation of v. t. of Zn 6.67 ‘ 
b.p. of Zn 930 + 273 
b.p. of Hg 357 + 273 





= 1.91 





This justifies the assumption that the vapor tension- 
temperature curve of zinc may be calculated directly 
from the mercury curve. The mechanics of this cal- 
culation follow: select a temperature on the mercury 
curve, convert to absolute temperature, multiply by 
the factor 1.91, and reconvert to Centigrade scale; 
the result is one codrdinate (temperature) for the zinc 
curve; the other coérdinate (vapor tension) is the same 
as that on the mercury curve, corresponding to the origi- 
nal temperature selected. The plotting of the calcu- 
lated points coincides practically with the Barus curve. 

In order to obtain effective condensation of zinc 
vapor it is necessary that the temperature of the con- 
denser be carefully lowered from 862°C. to 500° or 
600°C. It is also necessary that sufficient condenser 
surface be provided and so arranged that the zinc vapor 
need not diffuse through too great a distance in order to 
come in contact with this surface. The gas stream must 
pass through the condenser at low enough velocity to 
allow ample time for the required diffusion and for 
the coalescence and aggregation of small drops. 

Mr. F. T. Snyder (17), by examining the characteris- 
tics of the standard condenser, developed three factors 
that may be used for the design of large condensers. 
For example, he states as a first factor in condensing 
with a standard condenser that there is approximately 
0.4 g. of zinc condensed per hour per square cm. The 
second factor embraces the heat lost and this he found 
to be in the neighborhood of 0.21 Kg. calories per min- 
ute per squarecm. The third factor is the ratio of the 
diffusion velocity at right angles to the long axis of the 
condenser, to the longitudinal velocity of the gas 
stream. This ratio is the product of the equivalent 
diffusion distance and the longitudinal velocity; the 
mean figure is 9.5. 

It was previously stated that two-thirds of the zinc 
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distilled from the ore is condensed as a liquid and one- 
third is oxidized to a product known as blue powder.* 
The latter may be classified as chemical or physical, 
depending upon the method of its formation. The 
chemical variety is produced by chemical action: for 
example, the oxidation of zinc vapor by carbon dioxide, 
by air which may have diffused through the walls of 
the retort, by water vapor, or by the action of volatile 
sulfur or sulfide on the vapor. This powder cannot 
be melted in a commercial manner and hence it must 
be introduced with coal into other retorts for reduction. 
Physical blue powder is produced by cooling zinc vapor 
too rapidly. Most of the condensation takes place at 
the inner surface of the condenser wall. Heat is dis- 
sipated from the outer surface of the condenser and 
consequently the inner surface is always cooler than the 
vapor. This vapor must diffuse through an atmosphere 
of carbon monoxide in order to come in contact with 
the condenser wall. If there is not sufficient time pro- 
vided for this diffusion, or if the walls are cooled too 
rapidly, zinc will be condensed in the gas stream as 
minute droplets. All the zinc may be condensed in 
this manner by excessive cooling. This powder is 
nearly pure zinc and can be melted under pressure in a 
reducing atmosphere. 

The equilibrium conditions of the reaction 


16 Zn + CO; == ZnO + CO 


have been studied by C. H. Fulton (18), B. M. O’Harra 
(19), Stansfield (20), and O. C. Ralston (21). The 
equilibrium conditions of the reaction: 


2. CO, + C == 2CO 


have been studied most completely by Rhead and 
Wheeler (22). Inasmuch as both of these reactions 
take place in the pyrometallurgy of zinc, their equi- 
librium is of importance. Ralston proved that it was 
not possible to obtain a true sample of gases in a con- 
denser without removing the zinc from the field by alloy- 
ing it with another metal of low vapor tension. 

The practical interpretation of the equilibrium condi- 
tions of equation (1) is that an increase of concentra- 
tion of CO: requires an increase of temperature, while 
for equation (2) the equilibrium conditions are obtained 
with increasing concentrations of CO: by slightly de- 
creasing the temperature. The practical importance 
of this series of reactions, as O’Harra states, ‘‘is limited 
by the exceedingly low velocity of the reaction of 
2CO = CO, + C, under ordinary conditions, particu- 
larly in the absence of metallic iron which acts as a 
catalyzer by increasing the reaction rate.” 


PRACTICAL EXAMPLE OF DISTILLATION 


A mixture of 70 Ib. of roasted blende containing 72% 
Zn, 41 Ib. of coal, and 3 Ib. of salt, charged into a retort 
and heated to 1250°C., produces 34 Ib. to 37 lb. of con- 
densed Zn, approximately 6 lb. to 7 Ib. of blue powder, 
8 Ib. to 9 Ib. of condenser scrap, and 22 Ib. to 24 Ib. of 
residue. The overall recovery of a modern retort plant 


* Blue powder plus scrap. 
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is approximately 88% to 90% when all the by-products 
are re-treated. 

There is always a loss of zinc in the form of vapor 
escaping at the nose of the condenser. Under a fixed 
set of conditions in regard to charge weight, with con- 
stant zinc content and reducibility or when fired in a 
consistent manner, this loss is fairly constant. If the 
retorts are heated to a higher temperature than usual, 
the condenser will fail to condense the usual amount of 
zinc due to the increased volume of vapor. Thus, the 
operation of zinc retorts is narrowly restricted. 

When high prices for zinc prevail, furnaces are 
charged with greater density and fired at a higher tem- 
perature in order to increase the tonnage of condensed 
zinc. The loss of uncondensed zinc escaping at the 
nose of the condenser is thus increased (Table 2). 


TABLE 2 


THEORETICAL Loss oF ZINC ESCAPING AT THE NOSE OF THE CONDENSER 
FOR VARIOUS TEMPERATURES AT SEA LEVEL (BARUS CURVE) 


Tension on 
Temperature, Zn Vapor, Percentage of Zn 
"G mm. Escaping 
582 10 1.33 
600 11.5 1.53 
625 15 2.01 
650 19 2.56 


B. M. O’Harra and G. A. Zeller (23) have determined 
the temperatures and the rates of reduction for various 
varieties of zinc oxide and carbonaceous fuels. They 
found that although the best evidence points to approxi- 
mately 800°C., as the temperature at which continuous 
reduction first becomes possible at normal pressure, it 
does not attain a readily detectable rate until consider- 
ably higher temperatures are reached. They state 
that at a temperature above that at which reduction 
of zinc oxide becomes noticeable, the rate of reduction 
doubles with certain equal intervals of temperature. 
The various reduction temperatures for different varie- 
ties of oxide and carbonaceous fuel are due to surface 
conditions of the oxide and carbon particles. An ore 
in the process of reduction gradually becomes less 
susceptible to reduction due to poorer contact with 
carbon and to a lessened volume of carbon monoxide. 

H. A. Doerner (24) of the Bureau of Mines has ex- 
perimented with methane as a reducing agent. This 
reduction may be represented by the following equation: 


ZnO + CH, = Zn(vapor) + CO + 2H; (1) 


There are other reactions which may occur because of 
the carbon monoxide and hydrogen formed, thus: 


ZnO + CO 


= Zn(vapor) + CO, (2) 
ZnO + He = 


Zn(vapor) + H.O (3) 


Methane may be decomposed by a catalyst at low 
temperatures but its decomposition is slow below 
1000°C. ‘Reactions (2) and (3) are rapid but the equi- 
librium constants are such that only small concentrations 
of CO2 or H2O can be produced below 1000°C. Maier 
calculated that CO should not exceed 0.5% at 870°C., 
and the calculation for water vapor gives a still smaller 
order of magnitude.” 
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The following factors, peculiar to methane reduction, 
are given by Doerner: 


(a) Low operating temperature. The heat required to main- 
tain a temperature of 900° to 1000°C., is very much less than 
that necessary for the present retorts at 1200° to 1400°C. 

(6) Thermal conductivity of retorts. The thick clay retorts 
are poor conductors of heat. At temperatures below 1000°C., 
metal retorts are a possibility. 

(c) Thermal conductivity of gases. The gaseous products of 
methane reduction contain 50% He and equal parts of CO and 
zine vapor. Hydrogen is an excellent conductor of heat. 

(d) Continuous counter-current operation. Batch methods 
are thermally inefficient. Continuous counter-current operation 
is not only feasible, but practically essential when methane is used 


for reduction. 

(e) Radiation losses. The thin walls of the present furnaces 
radiate large quantities of heat. Retorts using gas for reduction 
can be included in furnaces having well insulated walls on all 


sides. 


The author states that the combination of Hz and 
CO resulting from reaction (1) will produce 2.76 times 
the endothermic requirements of that reaction. In 
the type of apparatus suitable for methane reduction, 
these gases can easily be utilized to heat the retorts. 
He estimates that in a furnace having a thermal ef- 
ficiency of 36.2% the exit gas from the retorts will 
maintain the reaction temperature. Zinc vapor is not 
oxidized in the effluent of the methane reduction, there- 
fore there can be no chemical blue powder. 


TABLE 3 
Zinc VAPOR PRESSURE AND CORRESPONDING TEMPERATURES NECESSARY 
TO PERMIT THE SAME PERCENTAGE LOss OF ZINC AS WHEN CARBON WAS 
Usep For REDUCTION (TABLE 2) 


Tension on 


Temperature, Zn Vapor, Percentage of Zn 
<. mm. Escaping 
515 3.37 1.33 
525 3.85 1.53 
535 5.03 2.01 
550 6.43 2.56 


(10) Marer AND Ratston, “Gaseous reduction of zinc,’’ Trans. 
Am. Electrochem. Soc., 51, 340 (1927). 

(11) W. R. InGALts, ‘‘Metallurgy of zinc and cadmium,” 2nd 
ed., McGraw-Hill Book Co., Inc., New York City, 1906, 
p. 202. 

. W. Ricuarps, “Metallurgical calculations,’’ McGraw- 
Hill Book Co., Inc., New York City, 1918, p. 63. 

(12) C. H. Futon, “A proposed plant for the electrothermic 
dry distillation of zine ores,” Eng. Mining J., 114, 13 
(1922). 

(13) D. Lippett, ‘‘Handbook of non-ferrous metallurgy,” 
McGraw-Hill Book Co., Inc., New York City, 1926, vol. 2, 
p. 1193. 

(14) U. S. Patent 1,749,127, New Jersey Zinc Co. (Mar. 4, 
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1930). 

(15) B. M. O’Harra, ‘‘Electrothermic metallurgy of zinc,” 
Bureau of Mines, Bull. 208, p. 79 (1923). 

(16) J. W. RicHarps, op. cit., p. 644. 

(17) F. T. Snyper, ‘‘Condensation of zine vapor,’’ Trans. Am. 
Electrochem. Soc., 19, 317-80 (1911). 

(18) C. H. Futon, “The condensation of zinc from its vapor,’ 
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The low proportion of vapor present in the gas 
stream, using methane as a reducing agent, will necessi- 
tate a lower temperature for condensation than in 
carbon reduction (Table 3). There is a greater loss of 
uncondensed zinc in the reduction of very high-grade 
ores than in those of lower grade due to the more rapid 
rate of distillation of the first part of the metal. 


RECOVERY OF ZINC IN RETORT RESIDUES 


The residue in the retort after reduction invariably 
contains zinc. The zinc amounts to approximately 8% 
to 11% of the total present in the original ore. The re- 
sidual carbon content is high and if sufficient contacts 
are made among the residual zinc particles, with the 
carbon particles at a suitable temperature (1300°C.), 
approximately 90% of this zinc is reduced and re- 
covered as an oxide product in the bag house. The 
Waelz process (25) accomplishes this specialized reduc- 
tion in the following manner. The residues are fed 
into a revolving, brick-lined, cylindrical steel kiln of 
the cement type, heated by the burning of fuel oil, 
natural gas, or powdered coal. The chemical reactions 
take place in two stages; first, a reduction of zinc 
oxide in the charge, and second, the oxidation of the 
metal vapor in the kiln atmosphere. The following 
equations represent these reactions: 

ZnO + C = Zn(vapor) + CO (1) 
Zn(vapor) + CO + O2. = ZnO + CO, (2) 


Theoretically, the heat generated by equation (2) 
balances that absorbed in equation (1), but in reality 
there is heat dissipated in heating up the charge, in the 
gas effluent, and in radiation through the kiln wall. 
This process is in effect a pyrometallurgical concen- 
trator. The zinc oxide produced is collected in a bag 
house and may then be treated as a high-grade ore. 
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SPECIAL EXERCISES for STU- 
DENTS in GENERAL CHEMISTRY’ 


IT. Electrochemistry 
G. BRYANT BACHMAN anb J. K. FARRELL 


The Ohio State University, Columbus, Ohio 


An experiment and the accompanying apparatus for 
a laboratory study of the dichromate battery and the proc- 
esses of electroplating and electroforming are described. 
Results obtained lead the student to a calculation of 
Faraday’s electrochemical equivalent. 


+++ + oe + 


WO of the more interesting electrochemical labo- 
ratory exercises which may be readily adapted to 
a course in general chemistry are (1) the assembly 
of a battery and (2) the verification of Faraday’s laws 
relating to the electrodeposition of metals from solu- 
tions of their salts. Experiments in both of these sub- 
jects may be readily carried out in the laboratory with 
the aid of the home-made apparatus shown in the photo- 

















graph. For students in whom the science of chemistry 
has awakened an especial interest and who are eager to 
perform extra experiments over and above those re- 
quired in the first-year course, this exercise is especially 
suited. The cost of the materials from which the ap- 
paratus was constructed amounts to about $2.50. 


CONSTRUCTION OF A DICHROMATE CELL 


The construction of the apparatus is evident from the 
photograph and the wiring diagram. The beaker on the 


* The first of this series appeared in J. Cuem. Epuc., 10, 241-2 
(Apr., 1933). 
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left is the battery container. In it are immersed a car- 
bon rod and two zinc rods which have been amalga- 
mated by dipping them into a mercuric chloride solu- 
tion for a few minutes. To complete the battery the 
student is directed to prepare a solution containing 50 
g. potassium dichromate, 100 g. concentrated sulfuric 
acid, and 400 cc. water. When the beaker is filled with 
this solution and the electrodes are immersed in it, the 
battery is ready for use. The voltage—about two 
volts—may be determined by making a connection 
through the push-button to the voltmeter. 


ELECTRODEPOSITION OF COPPER (QUANTITATIVE) 


As soon as the student has satisfied himself that the 
battery is in good working order and that it has at- 
tained the correct voltage, he is ready to deposit copper 
electrolytically. The deposition takes place in the 
right-hand beaker shown in the photograph. The 
plating bath is made by dissolving 200 g. of copper sul- 
fate pentahydrate and 80 g. sulfuric acid in 1 liter of 
water. A part of this solution is placed in the beaker 
and a copper strip anode hung over the positive pole 
into the solution. The cathode consists of a copper 
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Plating Bath 


WIRING DIAGRAM 


gauze (4 cm. square), soldered to a copper wire, in turn 
soldered to a strip of copper which makes contact with 
the negative pole. The gauze cathode is rinsed with 
distilled water, dried in an air blast or high over a Bun- 
sen flame, and carefully weighed when cool to the near- 
est hundredth gram. It is then suspended from the 
negative electrode in the solution. If directions have 
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been followed carefully the ammeter will immediately 
show a flow of current. The student should adjust 
this flow to 0.25 ampere by means of the controlling 
rheostat and from time to time correct any variation. 
The current is allowed to flow for a definite length of 
time, say 30 minutes; the cathode is then removed, 
rinsed, dried, and again weighed. The difference in 
weight represents the amount of copper deposited. 


CALCULATION OF FARADAY’S EQUIVALENT 


Quantity of electricity is measured in units called 
coulombs. To determine the number of coulombs 
which were necessary to deposit the copper in the previ- 
ous experiment, the time in seconds, during which the 
current flowed (30 X 60 seconds) is multiplied by the 
rate at which it flowed (0.25 ampere). The result (450 
coulombs) expresses the number of coulombs of elec- 
tricity consumed in depositing the copper. From this 
may be calculated the number of coulombs necessary 
to deposit one equivalent weight of copper. 


VERIFICATION OF FARADAY’S LAW 


If Faraday’s law is correct, it should require the same 
number of coulombs of electricity to deposit one equiva- 
lent of nickel or any other metal from its solution, as it 
took to deposit one equivalent of copper, provided, of 
course, that nothing else occurs to consume the electrical 
energy besides the deposition of the metal. This may 
be verified by replacing the copper-plating bath with 
a nickel bath and the copper anode with a nickel anode 
and electroplating nickel onto the gauze cathode. In 
this case as with the copper almost all of the electrical 
energy is used in depositing the metal; that is, the ‘‘cur- 
rent efficiency” is high. Unfortunately this is not true 
for all electrolytic processes. Often large amounts of 
heat are evolved, gases are given off, or secondary oxida- 
tion or reduction takes place and the current efficiency 
becomes much smaller than 100 per cent. The plating 
bath consists of a solution of 120 g. nickel sulfate 
heptahydrate, 15 g. ammonium chloride, and 15 g. boric 
acid in a liter of distilled water. 

It will be found in the case of nickel electroplating 
that a current of 0.25 ampere probably cannot be main- 
tained for thirty minutes, and that a current of 0.15 
ampere is more satisfactory. In this event, a longer 
time may be allowed to deposit sufficient nickel to weigh 
accurately. At the end of the experiment, the student 
should compare his results for nickel with those for 


copper. 
NICKEL-PLATING 


If further time remains the student may be interested 


(1) McPHERSON AND HENDERSON, “An elementary study of 
chemistry,’’ rev. ed., Ginn & Co., New York City, 1932, 
729 pp., Chap. 37. 

(2) BLum AND Hocasoom, “Principles of electroplating and 
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in nickel-plating some small personal article such as a 
key. The article should be carefully cleaned or bur- 
nished with steel wool, in order to obtain a durable coat- 
ing of nickel. It may be necessary to renew the battery 
solution if this has become exhausted. Both battery 
and plating solutions are stable and may be made up 
in larger quantities than are needed for one student. 


ELECTROFORMING 


Further use of the apparatus described may be made 
in electroforming one or more small objects. For this 
purpose a wax mold of the object is made in a small 
porcelain crucible. The wax is melted in the crucible, 
a wire or narrow strip of copper is immersed in it, and 
finally the object to be formed (lightly greased with 
vaseline or mineral oil) is supported in the surface of 
the melted wax in such a manner that it will leave the 
desired impression in the wax. When the melt has 
cooled and solidified, the object is carefully removed and 
the impression dusted with finely powdered graphite or, 
better still, bronze powder. The bronze powder must 
make good contact with all parts of the mold as well 
as with the copper strip which is imbedded in the wax 
and which acts as a conductor of the current during 
the electroplating. In order to form a strong shell the 
mold must be copper-plated for at léast one hour start- 
ing with fresh battery solution. When this has been 
accomplished, the mold is removed from the bath and 
dried with an air blast. Sufficient melted lead (or 
solder) is then poured in to fill the mold. The electro- 
formed object is removed from the crucible as soon as 
it is cool and cleaned witha cloth. It will be necessary 
to file off any excess lead which may have overflowed 
the mold and formed a projection at the side. 

In writing up the exercise the student is directed to 
tell briefly what he has done. He should diagram the 
apparatus, tabulate his data, and compare his results 
in the electrodeposition of copper -with those in the 
deposition of nickel. In these laboratories the values 
obtained for Faraday’s equivalent have been, on the 
average, as accurate as the weighing permitted, 7. e., 
to the nearest hundredth gram. For the historical 
derivations of the names of the various units of elec- 
trical measurement—volts, amperes, coulombs, ohms, 
etc.—the student is referred to a dictionary. He is 
also asked to state Faraday’s laws, and Ohm’s law, 
and to define the terms polarization and current ef- 
ficiency. Other appropriate questions will come to the 
mind of the individual instructor. 

For further reading on the subject of electrochemis- 
try, a bibliography is appended. 


electroforming,’’ McGraw-Hill Book Co., Inc., New York 
City, 1924, 356 pp. 

(3) Timm, ‘“‘An introduction to chemistry,” McGraw-Hill Book 
Co., Inc., New York City, 1930, 561 pp., Chaps. 34, 35. 













ANALYTICAL USES of COLOR 


M. G. MELLON, G. W. FERNER, anp J. P. MEHLIG 


Purdue University, Lafayette, Indiana 


Of the various physical properties utilized in the detec- 
tion and determination of constituents, color is one of the 
most valuable. In general, its numerous applications 
may be considered as a means of controlling general 
operations in analytical work and as a basis for methods 
of determining substances, both qualitatively and quanti- 
tatively. Examples of such uses are given. 


+++ + + + 


N MAKING quantitative chemical analyses use is 
frequently made of certain methods which have 
been classified by some authors as physico-chemical 

procedures. In general, the determination by such 
a method of the desired constituent in any given system 
is based upon the magnitude of some physical property, 
the value of which bears a definite and known relation- 
ship to the amount of the constituent present. Ex- 
amples of such properties are specific gravity, optical 
rotation, and color. 

Color has long been recognized as a distinguishing 


property of many kinds of matter in the various appli- 
cations of materials in art, industry, and science. Rec- 
ognition of certain metals and natural dyes by their 
hues must date far back in chemical history. This 
early beginning of the qualitative application of color 
has been greatly extended until now it is used as one of 
the important means of identification of many elements 


and compounds. In addition to this use of color in 
qualitative analysis there has been a constantly in- 
creasing development of colorimetric methods for deter- 
mining constituents quantitatively, striking evidence 
of which is furnished by Yoe’s recent book on colorime- 
try where procedures are given for the determina- 
tion of some thirty-five elements in addition to many 
compounds. 

In view of the extensive reliance upon this property 
by the chemical analyst the object of the present paper 
has been to collect and classify these applications, giving 
specific examples wherever possible. Details of the 
methods of application are not mentioned on account 
of limitations of space and because experienced analysts 
are familiar with them. Occasionally there was some 
uncertainty whether a given application should be 
classified under ‘‘A”’ or “‘B.”’ 

With the exception of a few recent quantitative stud- 
ies, analytical chemists have used the term color in its 
composite sense without attempting to designate the 
significance of the separate attributes, hue, brilliance, 
and saturation (colorimetric purity). Most chemists 
ordinarily use the general term color in situations where 
the term hue would more precisely indicate the intended 


meaning. It is in this general sense that the former 
term is used in the present outline, white and black be- 
ing accepted as valuable colorimetric terms even though 
they do not imply hue. Probably, however, a more 
detailed study of colorimetric phenomena of analytical 
value will reveal the desirability of utilizing all three 
characteristics of color for the fullest development of 
its application in chemical analysis. 


GENERAL OUTLINE 


The control of certain operations. The appearance or disap- 
pearance of color, or a change of color, is used in the course 
of various operations as an indication of different items or 
conditions, as outlined below. 


PREPARATION OF REAGENTS 
Stability of the system 
Fading or disappearance of the original hue. 
aqueous solution of permanganate.) 
. Appearance of a color 
a’. In the solution. 
droxide.) 

b’. Ina residue. (Aqueous solution of silver nitrate.) 
Correctness of procedure 
No color desired. (Phenoldisulfonic acid.) 
Characteristic color desired. (Ammoniacal cupric sulfate.) 


SELECTION OF SAMPLE 
Location to take material for a sample. 
of a vein of coal.) 

Type of material to take. (In heterogeneous material, such 
as many minerals, colored portions are either selected or 
rejected, or a representative mixture of both selected.) 


(Dilute, 


(Alcoholic solution of potassium hy- 


(Black out-cropping 


PREPARATION OF SAMPLE 
Undesirable reactions. 
Progress of preparation. 
hydrate to a fine powder.) 

SOLUTION OF SAMPLE 

Presence of certain constituents. (Green from manganese 
in rocks fused with sodium carbonate.) 

Completion of certain reactions. (Disappearance of black 
particles in fusing residue from iron ore.) 

Adjustment of the composition of solutions 

Addition of an excess of some reagent. (Reduction of a 
solution of ferric chloride with stannous chloride.) 
Attainment of desired pH value. (Neutralization indi- 
cators.) 

Removal of undesired constituent. 
nitrogen.) 

SEPARATION OF DESIRED CONSTITUENT (OR INTERFERING 
SUBSTANCES) 

Precipitation 

Formation. (Appearance of characteristically colored pre- 
cipitates, such as nickel dimethylglyoxime.) 

. Digestion 
a’. Attainment of desired physical state. (Change from yel- 
low to orange of freshly precipitated lead chromate.) 

b’. Change in pH value of solution. (Loss of ammonia 

changes color of an indicator.) 
c. Filtration and washing. (Disappearance of yellow chloro- 
platinic acid when washing potassium chloroplatinate.) 


(Oxidation of certain foodstuffs.) 
(Grinding cupric sulfate penta- 


(Boiling out oxides of 
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d. 
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b’. 


a’. 


b”. 


Cc. 
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a. 
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a. 


a’. 
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Ignition 

Completion of process. (Change from brown to yellow in 
annealing gold in assaying.) 
State of purity of the precipitate. 
from adsorbed iron.) 

Extraction 

Exhaustion of colored material from sample. 
potash extract of Para rubber compound.) 
Presence of desired material in solvent. (Separation of cop- 
per salt of proline with dry methanol.) 

Volatilization 

Attainment of conditions suitable for evolution. (Appear- 
ance of vapors of bromine and iodine on chlorination of 
mixed silver halides when proper temperature is reached.) 
Completion of evolution of constituent. (Cupellation of 
alloys in assaying, such as the disappearance of iridescence 
when lead is removed from gold.) 

Contamination by impurities. (Yellow ferric chloride in 
the residue when making constant-boiling hydrochloric acid.) 
Electro-deposition 

By means of the electric current 


(Brown barium sulfate 


(Alcoholic 


Formation of colored products in the solution. (Anodic 
color in a cyanide solution of silver.) 
Nature of the deposit during formation. (Bright vs. 


brown, spongy deposits of copper.) 

Nature of process of forming deposit. (Iridescent rings 
of lead peroxide under certain conditions.) 

Completion of the process of deposition. (Disappearance 
of the color of an ammoniacal solution containing nickel.) 
By displacement 
Progress of reaction. 
num.) 


(Separation of copper on alumi- 


MEASUREMENT OF CONSTITUENTS IN SAMPLE 


By gravimetric methods 

Gas-evolution 

Exhaustion of absorbing reagent. (Indicator solution in 
train in determining carbon in steel.) — 

Gravimetric precipitation. (Colorless, fused silver chloride 
indicates pure precipitate in determining atomic weights.) 
Solution and extraction. (See 5, b.) 

Partition. (Colorless ethereal layer indicates progress of 
Rothe separation of iron and nickel.) 

By titrametric methods 

Indication of end-point in titrations 

Standard solution serves as its own indicator 


Oxidation-reduction reactions—potassium permanganate 
Inside indicators 
a’’. Formation of a colored solution 
a’’’, One color process 
Neutralization reactions—phenolphthalein 
Oxidation-reduction reactions—starch 
Precipitation reactions—ferric alum 
b’’’. Two color process 
Neutralization reactions—methyl orange 
Oxidation-reduction reactions—starch (standardiz- 
ing sodium thiosulfate against potassium di- 
chromate) 
Precipitation reactions—dichlorofluorescein 
b’’. Formation of colored precipitate 
Precipitation reactions—silver chromate in determin- 
ing chlorides 
Outside indicators 
a’’. Formation of a colored solution 
b’’. Formation of a colored precipitate 


Precipitation reactions—potassium ferricyanide in 
determining iron 

By electrolytic methods. (Condition of dried deposit, such 

as colored film of oxide of copper.) 

By gasometric methods 

Exhaustion of reagents. (Change of color of Ascarite.) 

Progress of reaction. (Green color in absorption of carbon 


monoxide by Hoolamite.) 


e. 
a. 


pt 


Se 


= 


© 


*8 


a 


b 


a 


a 
b 
c 


'. Production of distinguishing spectral lines. 


bY 
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By physico-chemical methods 
Optical 

’. Colorimetric (See C, 1, a) 
Refractometric 

Light of definite hue (wave-length) 
Polarimetric 

Same as b’’. 

'. Spectrophotometric (See C, 1, b) 


The qualitative detection of constituents (macro- and micro- 
scopic) 
WITHOUT THE AID OF SPECIAL TESTS. (The general appear- 
ance and color of the material indicates its composition— 
gold, copper, and gems.) 
WITH THE AID OF SPECIAL TESTS 
Action of solids on certain white surfaces. 
make colored streaks.) 
Reaction on heating 
Heating alone 
’, Change in color 
a’’. Solutions. (Aqueous cobalt chloride from red to 
blue.) 
Solids 
. Change in residue. 
low.) 
Evolution of colored vapor 
Iodine, nitrogen tetroxide 
. Formation of tarry deposit 
Organic matter 
Formation of sublimate 
Arsenic 
’, Production of colored flames. (Sodium, 
use of cobalt glass in test for potassium.) 


(Some minerals 


ed 
tn 


a (Zinc oxide from white to yel- 


Bre 


mr 
c 


da’ v7 
strontium; 


(Lithium, 
thallium.) 

Heating in the presence of other substances 

’, With concentrated sulfuric acid 

a’’. Blackening. (Organic matter.) 
b’’. Formation of colored deposit. 
c’’. Formation of colored vapors. 
tetroxide.) 
On charcoal 

a’’. Alone. (White residue of calcium oxide.) 

b’’.. With sodium carbonate. (Colored beads or residues, 

as with gold or manganese.) 

’, On plaster tablets. (Different reactions, with and without 

reagents.) 

With beads. (Different colors with certain elements in 

borate and phosphate beads.) 

’. With other reagents. (Different colors with certain resi- 
dues, such as the blue with one containing aluminum when 
heated with cobalt nitrate.) 

Reaction in solution with reagents 

Reagent in test papers. (Litmus, silver nitrate for Gutzeit 

test.) 

Reagent in solution 

', Formation of colored precipitate. (Antimony trisulfide.) 

’, Formation of colored colloidal dispersion. (Gold.) 

’, Formation of colored solution. (Tetrammino cupric sul- 
fate.) 

Reaction to light (including ultra-violet radiation) 
Darkening of precipitates. (Salts of silver.) 

Fading of color in solutions. (Alcoholic solution of po- 
tassium dichromate decolorized by ultra-violet radiation.) 
Fluorescence. (Some varieties of Willemite assume char- 
acteristic hue under ultra-violet irradiation.) 

Type of extinction. (When examined microscopically cer- 
tain crystals exhibit different types of extinction by their 
different colorimetric phenomena.) 

Phosphorescence. (Certain substances phosphoresce after 
proper exposure to light.) 

Selective absorption. (Some substances, such as carbon 


(Sulfur, iodine.) 
(Bromine, nitrogen 


/ 
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monoxide in the blood, show characteristic absorption spec- 
tra.) 


The quantitative estimation of constituents 


c 
1. COLORIMETRIC METHODS 
a. Methods of comparison (visual and photoelectric) 
a. By standard sets 
a’. With transmission 
a’’. Solutions 
a’’’. Single series type 
1. Containing same material as that being determined. 
(Buffer solutions and indicators for pH values.) 
2. Containing permanent standards (usually inorganic). 
(Arny’s “‘Cu-Fe-Co” solutions.) 
Double series type. (Gillespie method for pH 
values.) 
. Wedge type. 
ents.) 
b’’. Glasses. 


a? 


tr 


c (Hellige method for various constitu- 


(Hellige discs.) 
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b’. With reflection. 
Munsell.) 
By dilution 
By duplication 
By balancing 
Methods of color-analysis (visual and photoelectric) 
. With spectrophotometer 
a’’. Monochromatic analysis. (Dominant wave-length, bril- 
liance, and colorimetric purity.) 
b’’. Trichromatic analysis. (Elementary excitation values— 
red, green, and blue.) 
c’’. Monochromatic transmission 
b’. With trichromatic matching instruments. (Lovibondtintome- 
ter, Guild colorimeter, Eastman colorimeter.) 
c’. With instrument using selected portions of spectrum. 
frich photometer.) 
2. MICROSCOPIC METHODS. 
of anisotropic substance.) 


(Color cards or plates, such as those of 


Fa o.9 


~ 


(Pul- 


(Thickness by polarization colors 





DOCTORATES mm CHEMISTRY and 
RELATED FIELDS CONFERRED dy 
AMERICAN UNIVERSITIES, 1932-33 


CLARENCE J. WEST anp CALLIE HULL 


Research Information Service, National Research Council, Washington, D. C. 


HE Research Information Service of the National 

Research Council again offers the following 

statistics concerning the doctorates in chemistry 
and related fields conferred by American universities 
during the academic year 1932-33. This is the ninth 
year in which this compilation has been made; previous 
lists have been published in the JOURNAL OF CHEMICAL 
EpucaTIONn, 3, 77-99 (Jan., 1926); 4, 99-109 (Jan., 
1927); 4, 1303-13 (Oct., 1927); 5, 1450-63 (Nov., 
1928); 6, 2209-23 (Dec., 1929); 7, 2966-82 (Dec., 
1930); 8, 2259-78 (Nov., 1931); 9, 1976-96 (Nov., 
1932). 

In this compilation the doctorates granted by the 
universities in agricultural chemistry, biochemistry, 
chemical engineering, metallurgy, and pharmacy have 
been listed under the separate headings but are in- 
cluded in the totals by university in the statistical 
tables. In selecting the titles to be included, those 
doctorates have been used, which, if published, would 
probably be abstracted in Chemical Abstracts. Atten- 
tion is again called to the fact that the compilers have 
only the title of the thesis and, in most instances, the 
department in which the doctorate was granted, to aid 
them in the subject classification. It is not always 
possible to classify correctly from this information, 
which may account for the inclusion or the omission of 
a given thesis. Corrections and suggestions as to this 
publication are always appreciated. 

There are nineteen universities which reported ten or 


more doctorates in chemistry and related subjects 
during the past academic year, the same number as 
last year. This year Wisconsin occupies first place, 
with 43 doctorates, one less than last year; Cornell is 
second, with 40 doctorates, an increase of 18 over last 
year; Columbia again occupies third place with 37 
doctorates, an increase of 7 over last year. The places 
of Pennsylvania and Cincinnati are taken by California 
Institute of Technology and Northwestern. Details 
are given in Table 2. In this connection it must be 
remembered that an examination of the dissertations 
probably would make a difference in this table, since 
some of the titles of doctorates give no clue as to their 
contents. It is also true that some of the doctorates 
granted in physics might properly be included in this 
list, with as much justification as we now include some 
of the doctorates in biochemistry. The order given 
above is, therefore, relative only but it still is an 
indication of the amount of graduate study being car- 
ried on at these institutions. 

Table 3 shows the total number of doctorates 
granted by the universities listed in Table 2 and those 
granted in chemistry and related fields. 

Information concerning all the doctorates granted in 
the sciences (1343 for the year 1932-33) will appear in 
a forthcoming number of the Reprint and Circular 
Series of the National Research Council (No. 105), 
copies of which may be obtained from the Publication 
Office of the Council. 
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TABLE 1 


DISTRIBUTION OF DocTORATES IN CHEMISTRY BY UNIVERSITY, By YEAR 
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Institution ‘27-28 '28-'29 '29-'30 °30-’31 ’31-’32 ’32-'33 

IRE Sic nce seewaswsas.e 1 2 3 3 1 ach 
IR diss 455: 5:6:46:40060 ee - 5 ox we 1 
Boston eee oe ‘na 1 ais — 1 
ene oe ea 4 4 6 4 8 4 
en ee _ 1 T 1 “% 
California. . DE Sinibeewae 9 13 15 13 14 19 
Calif. Inst. Tech. cee ee eesee 6 4 4 5  j 11 
Catholic. . se Batne we 1 2 1 1 1 2 
os iniews'y 19 24 37 22 44 29 
SO Tere er és 8 4 10 10 6 
RE Ti gelensewse Gens aes P _ ae ay 
eee ea 3 3 2 3 1 
SE Oe 23 25 18 26 30 37 
Peer Peer re 21 15 15 26 22 40 
RUNDE -o6Giorenigeus osu’ ais's - 4 2 3 5 4 
Fordham. . iad eewke 2 8 4 4 1 1 
Geo. Washington Laiansses 1 3 2 1 1 
TORO WE, 0 '56:040.08 40005 as a é — 1 
ae err ee 8 7 8 12 19 18 
eee ee es 16 16 24 25 24 33 
SEEM ics ta wis.6.99 50550 2 3 3 3 4 4 
| RE eer errr 16 13 12 16 19 14 
Iowa State.. puaapeag sis 13 13 12 24 30 12 
Johns Hopkins. ivakenos 17 21 21 16 29 25 
MANNS. 6 ccllenes $09 suiin0o0 3 5 5 “ 5 2 
Lawrence. Kesebseeeteees-0es eo ee ee oe 4 
Ee er re rer 3 2 2 10 1 5 
Mass. Inst. Tech.......... 7 11 12 13 20 16 
ee 8 13 15 11 15 27 
Mich. State Coll.......... “* a 1 3 2 1 
ION 5 i5505000400:000 15 15 16 17 23 26 
MIIIES 6 io 0's. 0 070 9:4'60.8.0'0:0 2 1 1 2 1 5 


TABLE 2 


Unrversities GRANTING 10 oR More DocroraTEs IN CHEmistrRyY, 1931-32 


Institution ’27-'28 °28-'29 ’29-'30 '30-’31 '31-’32 '32-'33 
ena ays 1 2 4 4 4 
New York.. Pass 6 a 7 13 6 7 
N. Y. State Coll. For. wees se 1 as a a< a es 
Wordh) Carola. ..<...s.e06 4 2 1 z 2 3 
Northwestern............. 5 3 7 8 6 10 
IIORTS TIRINE 6. ices ceceees aS 1 3 2 i 7 
TNR 5 (os :055 50:60:46 0-510 11 19 22 39 27 24 
Pennsylvania............. 3 3 7 7 11 6 
PR, SMU 6. s5'sinin'e kee “ 3 3 8 9 8 
ee, eH 9 7 11 6 15 11 
Un Ee ee 8 7 5 2 12 19 
Purdue..... ee ‘ie 2 2 1 5 
MEI 5) Sie naro- dager ise ss 1 1 Ae | a | 
cme SEPP 3 1 1 2 1 1 
i ee Pusdosesebsanee 1 d 2 es “s os 
TI 5 ise s aslo d ores 3 oe 2 4 2 3 
Rutgers. . 1 3 5 4 9 3 
St. Louis Univ.. 1 1 1 3 1 es 
Stanford.. 3 9 8 11 9 7 
State Coll. ‘Wash. . ee 1 axe 1 
i EE rae 1 2 1 : 1 
EEO DSC TOCE eee 1 a 1 9 
i ee a ec ee ae 
Li | ee ee . os ave ae ee 2 
6 ESR Se eee 2 3 4 2 2 2 
Wash. U., St. Louis....... as 2 1 1 2 2 
WAGIRMINORN, <6 «60:00 0 er0.0.56.6 1 4 2 3 7 c 
Western Reserve.......... sis aie 3 8 5 4 
LO ae 25 31 27 38 44 43 
PE og es ntie oerirals e pacele oes 19 19 24 25 20 20 

NOOR ii:a's ain Sigeelsiv.0-vle - 312 359 395 475 536 560 
. 4 
TABLE 3 


NuMBER OF Doctorates GRANTED IN CHEMISTRY COMPARED WITH TOTAL 
NUMBER IN ALL Scrgncgs, 1932-33 


Institution '26—'27 '27-'28 '28-'29 '29-"30 ’30-’31 '31-"32 ’32-'33 Institution Chemistry All Sciences 
Wisconsin......... 16 25 31 27 38 44 43 WME ons ores eigen eiceoapies - 4 87 
OS ae 16 21 15 15 26 22 40 a AR ea ee ee a 110 
MINER 5 506 «:s,0:0: 28 23 25 18 26 30 37 NMNMEIEI is 56.016 acaievoid porsialacclew.cts aieceets 37 71 
Illinois il 16 16 24 25 24 33 RRMEMOMEY a as iar cicvale win ai crs wine laceiaie nea Sisiear 33 63 
NINOS sins as 44,6 21 19 24 37 22 44 29 MID aos cini5 46s Ap eek own Gielasioccencacc, CD 73 
Michigan.......... 8 8 13 15 il 15 27 TEMMRID Taino sisi cis, eaves iea'eis’on/e cee einGse 27 81 
Minnesota......... 8 15 15 16 17 23 26 PIES vic a0 oo. 0% eicbinrctargcachenta hoa Ue 62 
Johns Hopkins..... 15 17 21 21 16 29 25 RAE OMNIA «6. o0'5\< is tco-aseeaba ad eu oa . a 68 
Ohio State......... 15 11 19 22 39 27 24 i a OSE Ie er ~ 53 
| SS 12 19 19 24 25 20 20 WBS Fa cieair son cic bcatin cider cut ninee be 20 50 
ae 16 9 13 15 13 14 19 NINE So. aig) 10 744.0 6 since a's Consiguiainicaiale 19 62 
Princeton........- 4 8 7 5 2 12 19 PIII ois 6.4:41vis one's sow cams weneen < 19 32 
ee ere 11 8 7 8 12 19 18 TEMES 6a rs dace cba -icca'e ean weathers ow 18 63 
Mass. Inst. Tech 6 7 11 12 13 20 16 Biles. Tee, Tees svc ck éccnce cathe an 16 30 
NR ee 9 16 13 12 16 19 14 Iowa. . Ses ahi acai ig, WLaclice: vanish eR « 2 48 
Iowa State........ 7 13 13 12 24 30 12 Iowa State Reecnsicastaigsavn dis eo wnararecieca rebate 12 31 
Calif. Inst. Tech... a 6 4 4 5 7 11 Calif. Inst. Tech.. sic eraverpneieapraia eines ll 36 
ce. a 10 9 : f 11 6 15 11 WRRMMIININER 355.010 wes G5 0:0 Sis arp'elwaleaiein ueie 11 20 
Northwestern...... 3 5 3 7 8 6 10 Fe OEE LEE TELE RE Te - 20 17 

CHEMISTRY 


Brown University 


SrvertT N. Giarun, “Studies relating to the germanyl and 
alkyl germanyl groups in liquid ammonia and ethylamine.” 
WINSTON Marve_ MANNING, “I. The photochemical decom- 
position of nitrous oxide sensitized by mercury vapor. II. A 
spectrographic study of ozone formation.’”” JoHN FRANCIS 
Ryan, “I. The reduction of phenylated olefins with alkali 
metals in liquid ammonia solution. II. The action of sodium 
on certain organic halides in liquid ammonia solution.”” FRANK 
EARL TOONDER, ‘‘Methyl gallium derivatives.” 


California, University of 


HERBERT JAMES ALmguist, “The absorption of oxygen by 
benzaldehyde.” 


RicHARD Scott Bear, ‘“‘A determination of 


the energy levels of the samarium ion in various crystal environ- 
ments from the behavior of the absorption spectra at low tem- 
peratures.”” Norz STANLEY Bay.iss, ‘‘The continuous absorp- 
tion spectrum of chlorine.” RicHarD WuiTING BLUuE, ‘‘The 
entropies and vapor pressures of hydrogen sulfide and nitrous 
oxide.” EpWarD JOHN CZARNETZKy, ‘‘Studies on the com- 
bination of amino acids and proteins with gaseous acids and 
bases in the dry state.’”” LAURANCE HENDERSON DONNALLY, 
“‘Aldehyde-bisulfite systems.” ASTaA OHN Ges, “A study of 
pectin.”” JOHN FRED Gross Hicks, Jr., ‘‘The entropy of sul- 
fate ion in aqueous solutions.”” WILLARD FRANK LIBBY, ‘“‘Radio- 
activity of ordinary elements, especially samarium and neo- 
dymium; method of detection.” Duncan Peck MacDouGALL, 
“The production of temperatures below 1° absolute by means 
of the demagnetization of Gd2(SO,)38H20.” ANDREW Mc- 
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KELLAR, ‘“‘The relative masses of the lithium isotope from the 


spectrum of Liy.”” Att MoHammap, ‘“‘The kinetics of the reduc- 
tion of hydrogen peroxide by iodide ion. The salt effect.” 
CHARLES WoopwaRpD Montcomery, ‘Photochemical reactions 
of phosgene.” 


California Institute of Technology 


R. C. Barton, ‘Studies of various methods for the separation 
of the common elements into groups. The activity coefficients 
of hydrochloric acid in aqueous solutions containing sodium 
dithionate and perchloric acid.””. LAWRENCE Brockway, “‘Elec- 
tron diffraction and the molecular structure of gases; crystal 
structure of chalcopyrite.”’ C. E. Hasiutze, “The effect of 
lead oxides on the oxidation of hexane.” RALPH HULTGREN, 
“T. The spark-in-flame method of spectrographic analysis. 
II. Equivalent chemical bonds formed by s, p, and d eigen- 
functions. III. The crystal structure of sylvanite.”’ W. B. 
Lewis, “Dissociation constants of para-substituted benzoic acids 
in alcoholic solutions.”” JoHN McMorris, “I. The thermo- 
dynamic constants of iodine monobromide, of iodine mono- 
chloride, and of cyanogen gas. II. A photochemical reaction 
involving zinc oxide and oxygen.’”’ R. S. Ross, “I. The 
catalytic decomposition of n-butyl alcohol; the equilibrium 
between the three normal butenes. II. The use of croton- 
aldehyde in the synthesis of lepidine.”” H. F. Scnort, “‘Reversi- 
bility in biological oxidation.” M. D. SHAPPELL, ‘‘The crystal 
structure of bixbyite and the C-modification of the sesquioxides. 
The cleavage of ionic minerals.”” J. W. Urmston, “I. The 
separation of the two types of iodine molecule and the photo- 
chemical reaction of gaseous iodine with hexene. II. The 
photochemical reaction of gaseous bromine with platinum.” 
E. B. WILSON, JR., ‘‘Wave functions for simple atoms.” 


Catholic University 


GrorcE ANTHONY BaumstaRK, “The potential of the lead 
amalgam-lead sulfate electrode and the application of the 
Debye-Hiickel theory to dilute solutions of sulfuric acid.” 
SISTER Mary Dorcas Smit, “The activity coefficients of 
hydrochloric acid in sulfate solutions of different valence types.” 


Chicago, University of 


KENNETH Howarp ApaMs, ‘‘The pinacol-pinacolone molecular 
rearrangement: I. The rearrangement of pinacol and of tetra- 
methylethylene chlorohydrin. II. The rearrangement of #- 
aminotetramethylethanol.’”’ JoHN GROVER ALBRIGHT, ‘‘The 
crystal structure of lithium sulfate.”” THomas MILTON BECK, 
“The direct auration of aromatic nitriles.” PAUL VERNON 
Brower, “The pinacol-pinacolone molecular rearrangement: 
the rearrangement of 2-phenylaminotetramethylethanol.” KEN- 
NETH NIELSEN CAMPBELL, ‘‘A study of the action of the Grignard 
reagent of aromatic oximes.’”” LOREN BENJAMIN GRIMSLEY, 
“‘Studies of conjugated systems. I. The preparation and 
properties of 1-phenyl-4-anilidobutadiene and  1-phenyl-4- 
aminobutadiene. II. The addition of bromine, hydrogen 
bromide, and hypobromous acid to 1-bromobutadiene.”’ EpitH 
SAWYER HammMonp, ‘‘The ammines of chromous chloride.” 
Ropert Ray Haun, “I. The vibration of atoms at the end of 
organic molecules; the Raman effect and the carbon-chlorine 
bond. II. The Raman spectrum of germanium tetrachloride.” 
Joun MartHews Jackson, “I. A spectroscopic study of the 
decomposition and synthesis of organic compounds in electrical 
discharges. II. The electrodeless and glow discharges.” 
RAYMOND WRIGHT JOHNSON, ‘‘Velocities of hydrolysis of stereo- 
isomeric hydrazones and oximes.’’ AARON BAKER KENDRICK, 
“‘Studies on the action of nitric oxide on hemoglobin.”” JAMES 
Stewart MACH8IN, ‘Variation of the heats of dilution of sodium 
chloride solutions with temperature.”” BENJAMIN LEO MAIZEL, 
“A study of cyanogen bromide and unsaturated compounds, 
especially of the enolic type.” Rose LeEDrev Mooney, “The 
crystal structure of potassium permanganate.” THOMAS 
CHARLES POULTER, “‘Epoxy acids from oleic and elaidic acids.” 
ROBERT SAMUEL SHANE, “‘The peroxide effect upon the addition 
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of hydrogen bromide to unsaturated compounds.” JoHN 
HENRY SHROYER, “The preparation of colored derivatives of 
5-phenyl-5-ethylbarbituric acid.” VERNE DONALDSON SNYDER, 
“A study of the absorption spectra of sulfides, thiosulfates, and 
thionates with reference to structural relationships.” Roy 
Witson Wamp ter, “The activity coefficients and adsorption 
of n-butyl alcohol in aqueous solution.’”” AusTIN BIRDINE 
WILDER, ‘Metal catalysts in biologic oxidations. I. The 
simple systems: thioglycollic acid, buffer, metal, dithioglycollic 
acid. II. Tissue inhibitors.” Carvin SrockTon YorAN, 
“The sulfonation of 5-phenyl-5-ethylbarbituric acid.” 


Cincinnati, University of 


LESLIE GERMAN, “Factors affecting the electrode potential 
of cobalt.” KeENNETH L. Misteap, ‘‘The action of hydrogen 
peroxide on glycolic and lactic acids.’”’ WILLIAM ALBERT 
Moomaw, ‘‘The synthesis and resolution of asymmetric amines; 
effect of negative substituents on their stability and optical 
rotation.” SIstER IGNATIUS SANCHE, “‘Stereoisomers of a@,8,y- 
trimethylglutaric acid.’”” ROLAND MICHAEL SCHAFFERT, ‘‘The 
infra-red absorption spectra and molecular structure of NO» 
and N 204.” 


Columbia University 


REGINALD AUCHINCLOSS, ‘‘The effects of glucose and fructose 
on the sucrose content in potato slices.’ Ray PARKIN CHAPIN, 
“A reversible oxidation-reduction indicator of high potential 
especially adapted to oxidimetric titrations.’’ RIcHARD BROWN 
CoNKLIN, ‘‘Research in the acenaphthene field.’”’ Haroip 
CorBIN Downes, ‘‘Indicator studies of acids and bases in ben- 
zene.”” SyLVAN MILTon Epmonps, ‘Oxidation potential indi- 
cators and their application to the volumetric determination of 
vanadium and iron in the presence of each other.’? RICHARD 
WILLIAM FESSENDEN, ‘“‘The chemical kinetics of high valence 
type electrolytes in dilute aqueous solutions.” Vicror GEORGE 
FourMaAN, ‘Catalytic dehydration of ionone and related com- 
pounds.” JosEPH GREENSPAN, “The kinetics of a general ionic 
reaction: the saponification of acetylated hydroxy acids.” 
HENRY BENJAMIN Haropt, “The dissociation pressures and the 
ignition of magnesium ammonium phosphate hexahydrate.” 
JoHN GRANT HILDEBRAND, Jr., ‘“‘The constitution of lactams 
resulting from the Beckmann transformations of certain cyclic 
aliphatic ketoximes.’?’ ALEXANDER F. J. KNOLL, ‘‘Reactions of 
organic compounds at the surface of heavy metal sulfides.” 
Smmon JASPER Marion, “The occurrence of u-nonane in the 
volatile oil of Sarotha gentialoides L.’”” DoNatp Davip Moss- 
MAN, “Bergamot oil. A monograph including original contribu- 
tions concerning the analysis of the oil.” EpwrNn ALLIN RoBIN- 
son, “Substituted 5,6-benzocinchoninic acids.’”” GERHARD Mar- 
TIN SALZMANN, ‘“‘The action of aqueous alkali on starches and 
their amyloses.’””’ THOMAS JOHN ScHocH, “Studies on the nature 
of potato starch.” James CLAUDE THOMSON, ‘“‘A study of 
Chinese wood oils.” LAURENCE ADNA WEBER, “‘A contribution 
to the photochemistry of phosgene.”” Paut JoHN WITTE, ‘“‘A 
method for the determination of water and carbon dioxide by 
the conductivity change of liquid absorbents.’”’” JAMES HEy- 
WARD YOUNG, “Experimental studies on Bredig gold sols.” 


Cornell University 


ArpitH PauL Davis, ‘Reactions in the brush discharge.” 
IstporR FANKUCHEN, “The crystal structure of the uranyl 
acetates of sodium and potassium.” ESTHER COE FARNHAM, 
“Alumina lakes.’”” Norris WHITNEY GoLpsmitH, ‘“‘A study of 
overvoltage by the use of a string galvanometer.”” LAWRENCE 
Prasopy GOULD, ‘“‘The hydrols.’”” BARBOUR LAWSON HERRING- 
TON, ‘‘Some physico-chemical properties of lactose.” DaAvip 
HALBERT HowarbD, JR., ‘Equilibrium studies in the systems 
hydrazine, ammonia; ammonium trinitride, ammonia; hydra- 
zine trinitride, ammonia.””’ JuLruS ANSON Kuck, “‘A study of 
aliphatic boric acids.’”” PAuL PENDLETON McCLBLLAN, ‘‘The 
higher saturated fatty acids of peanut oil.” WILLIAM JOSEPH 
O’Leary, ‘“‘The analytical reactions of rubidium and cesium.” 
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James ALBERT RayNotps, “The synthesis of branched-chain 
fatty acids.”” RICHARD ALVIN REINECKE, “‘The rearrangement 
of furylethylenic compounds.’’ Harris WHITE ROGERS, ‘‘The 
colors of the copper salts.”” GrorGE Lewis Royer, “Indium.” 
ROBERT SCHEMBER SHELTON, “‘I. Synthesis of some substituted 
symmetrical aryl mercury compounds. II. Studies of deriva- 
tives of aryl germanic anhydrides.”” GEORGE FRANKLIN STEW- 
ART, ‘‘Shell characteristics and weight losses of hen’s eggs.’ 
Joun WILLIAM THEN, “‘Effects of a magnetic field upon chemical 
reactions.” EUGENE WAINER, ‘‘X-ray spectrography in chemi- 
cal analysis.” CHARLES OLIVER WILLITS, ‘‘Reactions of Nes- 
sler’s solution.’”” ROBERT WYLLIE Work, “The action of am- 
monia on monochloromonogermane and dichloromonogermane.” 


Duke University 


Louis BERTRAM COOK, “The action of fluorine on naphthalene 
and some of its derivatives.” ATHEY GRAVES GILLASPIE, ‘‘An 
investigation concerning the relative stabilities of aromatic 
ald-chlorimines and their geometrical configuration.”” JOHN 
HERBERT PEARSON, ‘‘The action of fluorine on certain aromatic 
organic compounds under various conditions.’”’ Grapy TaR- 
BUTTON, “‘The system lead acetate, acetic acid, water and a vol- 
taic cell with aqueous acetic acid as the solvent.” 


George Washington University 


Witt1aM OTHO PooL, “The preparation and properties of 
some 1,3-dialkyl ethers of glycerol.” 


Georgetown University 


JosEPpH ANTHONY MATHEWS, “‘The initial rates of decomposi- 
tion of levulose in aqueous solutions of varying pH.” 


Harvard University 


LUTHER BISHOP ARNOLD, Jr., “‘I. The absorption spectra 
of organic molecules at low temperatures. II. The homogene- 
ous thermal decomposition of ethylene iodide in the gas phase.” 
ROBERT PERCY BARNES, ‘“‘The reactions and keto-enol equilibria 
of an a-diketone.’’ CHARLES FREDERICK BICKFORD, “I. The 
electrical conductance of aqueous solutions of electrolytes. II. 
Preparation of methyl, ethyl, and n-propyl benzyl amines and 
methyl §-phenethyl amine from the corresponding p-toluene- 
sulfonamides.’”’” FRANK PARKHURST BRACKETT, JR., ‘‘Photo- 
chemical processes in the ultra-violet.’”” ALBERT QuiGG BUTLER, 
“TI. The atomic weight of titanium. II. The atomic weight 
of iodine.’”’ RicHARD Burt Dow, “The viscosity of mixtures 
of liquids at high pressures.”” HrRVEY BERTRAND ELKINS, 
“TI. Electrochemical and optical studies of fused salts. II. 
Refraction of ultra-violet light by salt solutions.”” LAURENCE 
DAVID FRIZZELL, ‘‘I. The atomic weight of arsenic. II. The 
aqueous pressure of hydrated crystals: NazS.03;-5H2O, NaHe- 
PO,2H20, and Na;PO412H20.”’ RoBERT GORDON GOULD, JrR., 
“I. The electron affinity of certain free radicals. II. Some 
synthetical experiments with §-ionone.’”” GEORGE HERBERT 
Hitcuincs, ‘‘The separation and estimation of adenine and 
hypoxanthine.”” RicHARD HAzEN KIMBALL, ‘‘Hydroxyl and 
ketonic derivatives of a,y-diphenylbutyric acid.’’ WimILLarpD 
DovuGLas PETERSON, “I. The rate of coupling of diazonium 
salts with naphthols. II. Some transformations in the pyrrole 
series.” HERBERT SILAS RHINESMITH, “The action of the 
Grignard reagent on the esters of propiolic acid.’”” SAMUEL 
KINTER TALLEY, ‘‘Precision viscometry of dilute aqueous solu- 
tions.’”” ALBERTO FREDERIC THOMPSON, JR., “I. The free 
energy of enolization of substituted acetoacetic esters in the 
gaseous phase. II. Syntheses with tetrahydroionone.’’ JOSEPH 
THOMAS WALKER, ‘“‘Syntheses in the allene series.’’ NATHAN 
WEINER, “I. The mechanism of acylation and alkylation. II. 
The reactions of phenylbenzhydrylglyoxal and the structure of 
the reaction products.” 


Illinois, University of 
The activity of the cupric 
The detection of chlorides 


WILLIAM FLEMING BAILEY, “I. 
ion in solutions of ammonia. II. 
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in the presence of bromides.”” Lewis WILLIAM Butz, ‘‘The 
chemistry of some physiologically active proteins.’’ CHIN 
CHANG, “‘Stereochemistry of dipyrryl and dipyrrylbenzenes.”’ 
TskE-TsING Cuu, ‘‘The structure of azoxy compounds.” JOHN 
DeEVRrRIES, ‘‘The band spectra of boron hydride.’”’” Homer Rus- 
SELL DuFFEy, ‘“‘A study of the equilibrium between propylene, 
hydrogen sulfide, and isopropyl mercaptan.”’” FRED ALEXANDER 
Dyxins, ‘‘Preparation of a palatable sirup from Jerusalem arti- 
chokes.” JosEPH BayLiesS HALeE, “I. Stereochemistry of 
2,2’,6-trisubstituted diphenyls. II. Polymerization: (A) Inter- 
molecular esterification of hydroxy acids. (B) Condensation of 
mesitylene and carbon tetrachloride.”’” JESSE Harmon, “TI. 
Synthesis of certain phenyl substituted aliphatic acids. II. 
Tetraphenyldi-(3-ethyl-3-methylpentynyl-1)-ethane.”” WILLIAM 
HENRY Horne, “I. The reaction between diethylamine and 
ethylene oxide. II. Some new local anesthetics: (A) p-Amino- 
benzoates of dialkylaminoethoxy alcohols. (B) p-Aminophenyl- 
urethans of dialkylamino alcohols. III. The action of optically 
active nitrates on ketones.’”” ELMER ELy JuKKoLa, “The 
preparation and properties of some rare earth metals.”” WALTER 
KLABUNDE, ‘Magnetic moment of the iron atom.” ERvIN 
CARLETON KLEIDERER, ‘‘The preparation and properties of . 
2,2’,6,6’-fluorinated diphenyls.”” ALBERT ENSIGN KNaur, ‘‘The 
stereochemistry of diisoduryldisulfonic acid and certain JN- 
phenyltriazoles.”” Epwin GegorceE Kocnu, “Preparation and 
properties of the alkali and alkaline earth metal perchlorate 
ammines.” MILForD RHODES LEHMAN, “The polymerization 
of bromoheptyl- and bromodéctyldimethylamines.”” Marion 
Etstz Maciean, “I. A _ study of the stereoisomerism of 
some sulfur compounds. II. A search for a new type of 
stereoisomerism.”” JOHN Nem Mrcupicu, “I. An X-ray 
diffraction study of high-tension impregnated paper cables. II. 
An X-ray diffraction study of the effect of rachitis upon the 
structural characteristics of bone.’”” HARLAN WILLIS NELSON, 
“A study of the oxidation of pyritic sulfur in bituminous coal.” 
JoHN ORION Pace, “Studies on enzyme action”? ARTHUR 
Warp SADDINGTON, ‘“‘Temperature-solubility relations in liquid— 
vapor systems under pressure ’’ WILLIAM EDWARD SOHL, “The 
preparation and properties of compounds related to cusco- 
hygrine.’””’ DoNaLp Tarvin, “The methane fermentation of 
organic acids.’”” CARL DENISON THOMPSON, “I. The polymeri- 


zation of w-halogenated tertiary aliphatic amines. II. Sym- 
metrical di-tert-butyl-di-tert-butylethinyldiphenylethane.” JUNE 
CuIEN-Yu TSAO, ‘‘Rearrangement of polyines. Tetrabiphenyl- 


tert-butylethinylethane.”” Mitton HEINS Wan8L, ‘‘The forma- 
tion of hydrogen peroxide in the water vapor discharge.” 
CHARLES ORVILLE WERNER, ‘‘A study of the formation of molecu- 
lar addition compounds by means of crystal diffraction data.” 


Indiana University 


FRANK EUGENE DOLIAN, “‘Some physical properties of solutions 
of certain salts in non-aqueous solvents.’”” MAuRICcE MONROE 
FELGER,- ‘‘Addition agents in stannous sulfate-sulfuric acid 
refining electrolytes.’” RoBERT CuMMINS Gorg, ‘‘The dielectric 
constants of solutions of some organic acids in ethyl alcohol and 
benzene.’”’ Davip DoucLass Hart tey, “Synthesis in the bi- 
phenyl series. I. The electrolytic reduction of isomeric mono- 
nitro biphenyls in alkaline solutions. II. A new series of di- 
phenylbenzidine dyes.” 


Iowa, University of 


RAYMOND LOGAN ALBROOK, ‘‘The preparation of d-glutamic 
acid.” Howarp M. BENNINGHOFF, “‘Preparation of glutamic 
acid from Steffen’s waste.’”’ Atvin Percy Back, ‘The deter- 
mination of the hydrogen-ion activity and buffer capacity of 
natural and treated waters.’”” MARION ALEXANDER BUCHANAN, 
“Identification of non-fermentable sugars present in ‘Hydrol.’ ”’ 
FREDERICK CLARK FREYTAG, ‘The unsaponifiable lipids of beef 
liver.” Jor L. Hermanson, “Zinc alkyls with monochloro- 
amine and nitrogen trichloride.’ Grorce E. HONEYWELL, 
“The preparation and resolution of 6-methyltaurine.”” GrrRALD 
O. INMAN, “The migration of acidic groups from nitrogen to 
oxygen in o-aminophenols.’”’ ApDRAIN C. Kuyper, “Biochemical 
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studies of citric acid.”” Roy DoNALD MAXWELL, “‘The reaction 
of potassium amide in liquid ammonia with chlorine derivatives 
of substituted ethenes and ethanes.’”’ ArtHurR F. NELSON, 
‘Vapor pressures of aqueous perchloric acid solutions.’”’ Lrg D. 
Oucu, “‘Electromotive force and free energy relationships in 
aqueous solutions of potassium ferrocyanide.”” VERDA I. WIRTH, 
“‘Electromotive force and free energy relationships in aqueous 
solutions of potassium iodate.”’ 


Iowa State College 


RICHARD LINDLEY Fostksr, ‘‘The production of furfural from 
concentrated solutions of xylose.” EDMUND BARBER TOWNE, 
“Organolead compounds.”’ GEORGE F. Wricut, ‘‘Furfural and 
some of its derivatives.” 


Johns Hopkins University 


WILLARD EvaN BLEICcK, ‘The mutual repulsive potential of 
closed shells.” STEPHEN BRUNAUER, “Studies in the thermo- 
dynamics and kinetics of surface nitride formation on iron 
synthetic ammonia catalysts.’ THomas Cross, Jr., ‘The 
relative oxidizability of organic compounds by gaseous oxygen.” 
JosEPH GREENBERG, “Properties of ketene.” Linpsay HELM- 
HOLZ, ‘‘Lattice energies of rubidium bromide and sodium chloride 
and electron affinities of their halogens.”” WiLL1AM REDMOND 
JounstTon, “Activation energies in thermal organic decomposi- 
tions.’””, WILLIAM EvERETT LAND, “‘A study of the influence of 
capillarity on the melting point of iodine.’ Isapor Levin, 
“X-ray study of so-called amorphous varieties of silica.’”” Wu.- 
LIAM HowarD Lockwoop, “Catalytic oxidation.’”” JoHN HER- 
PicK Lone, ‘‘A study of the structure and the activity of mixed 
metal catalysts.” RAYMOND NATHAN Love, ‘‘A study of the 
distribution of solutes in gels.’ JacoB RoBERT Merapow, 
“Ring compounds and polymers from polymethylene dihalides 
and dimercaptans.”” JoHN WoxLcotr Murray, “The Raman 
spectrum of the benzene ring as shown by some benzene com- 
pounds.” REUBEN ROSEMAN, ‘The preparation of very pure 
solutions of titanic sulfate and titanous sulfate and the estima- 
tion of iron in solutions containing both bivalent iron and tri- 
valent titanium.’”’ THOMAS FRANCIS SHEA, “Adsorption on a 
plane surface.’’ FRED BARNES SLAGLE, “X-ray studies of fatty 
acids and mixtures of fatty acids.” ROBERT DANIEL STIEHLER, 
“Equilibria in azine oxidation-reduction systems.’’ DoNALpD 
ALVIN WILSON, ‘‘X-ray studies of long-chain compounds at low 
temperatures and at room temperature.” 


Kansas, University of 


J. ALDEN Murray, ‘‘Some reactions of the ethyl esters of 
certain urea-, thiourea- and guanidine-carboxylic acids.”” FRANK- 
LIN STRAIN, ‘‘Certain iodo and other derivatives of diphenyl 
ether.” 


Maryland, University of 


THOMAS BENTON SMITH, ‘‘The decomposition of ethylene 
glycol in the presence of catalysts.’”” GLENN STATLER WEILAND, 
“A study of the factors influencing the yield of ascaridole in 
Chenopodium ambrosoides L., var. Anthelminticum.” 


Massachusetts Institute of Technology 


WILLIAM SIDNEY BENEDICT, “The absorption spectra of 
nitrogen dioxide and nitrogen tetroxide.” Ecr Victor FASscE, 
“‘The relative reactivities of the carbon-chlorine bond in benzoyl 
chloride and certain of its derivatives.” Lours GoLpMAN, ‘‘The 
synthesis of ammonia in the electrodeless discharge.’”’ HELEN 
FARNHAM TUCKER, “The effect of substituents on the thermal 
stability of certain derivatives of malonic acid.” 


Michigan, University of 


ARTHUR ADEL, “The carbon dioxide molecule, its infra-red 
spectrum and mechanical structure.’”’ HENRY Brown, “‘Inter- 
facial tension relationships between contiguous fluids.” FRANK 
Lar Nor Cuan, ‘‘On the determination of calcium as oxalate by 
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the use of urea and formic-formate buffer.” JuLrian L. CuL- 
BERTSON, “‘A study of the contact angles formed by liquid-air 
and liquid-liquid interfaces on silica, gold, and platinum.’”’ He- 
MAN CHARLES Foc, “‘A study of the precipitation of gallium 
hydroxide and basic gallium sulfate by means of urea.’’ SHER- 
MAN LEIDICH GERHARD, “The infra-red absorption spectrum 
and the molecular structure of ozone.’”’ ROBERT LORIMER 
Grant, ‘‘The preparation and properties of some products of 
the partial hydrolysis of fibroin of silk.’ CLINTON SHELDON 
Hart, “The composition of a cobalt compound of thioglycolic 
anilide.’”” HARLEY YOUNG JENNINGS, “‘Study of pressure of dis- 
placement methods for measuring adhesion tension.’’ JOHN 
GIsBERT MALong, “‘The use of the Drude method and the 
development of a voltage tuning resonance method for the 
measurement of the dielectric constant of aqueous solutions of 
electrolytes and gelatin.’”” RICHARD WERNER STENZEL, “A 
study of the behavior of liquid-liquid interface in vitreous capil- 
lary tubes.” CHARLES WILLIAM WALTON, Jr., “Alteration of 
the surface properties of stibnite as revealed by adhesion tension 
studies.” 


Michigan State College 


FRANCES WILLARD LAMB, “I. The free surface energies and 
parachors of some derivatives of benzylated phenols. II. The 
determination of adsorption from mixed gases by the recording 
interferometer.”’ 

Minnesota, University of 


ANncus Ewan CAMERON, “‘The sorption of bromide and iodine 
vapor by highly activated silica gel and coconut charcoal.” 
DoNALD LEASK FULLER, ‘‘The solubility of various gases in 
various liquids at high pressures. I. The system hydrogen 
chloride-propane.”” KEREN ELIZABETH GILMORE, ‘Effects pro- 
duced by radon on the system: hydrogen-iodine—hydrogen io- 
dide.” JoHN REHNER, JrR., ‘The activity of silver acetate and 
similar salts in the presence of electrolytes.’’ CHARLES PARKER 
Rog, ‘‘The solubilities of various gases in various liquids at high 
pressures. II. Thesystem hydrogen chloride-krypton.’’ CHEs- 
TER HINES SHIFLETT, ‘“‘The temperature coefficient of the com- 
bination of hydrogen and oxygen under alpha radiation.””’ Mar- 
vIn ANDREW SPIELMAN, ‘‘A study of the molecular rearrange- 
ments of the a,@-unsaturated ethers.” VERNON ARTHUR 
STENGER, ‘“‘The adsorption of cations from ammoniacal solutions 
by silica gel.” FRANK Haroip Sropora, ‘“‘The addition of 
bromine to pentene-2.” AuGust WILLMAN, “Glacial acetic 
acid as a solvent for acids and bases.’”’ JOHN LEWIS WILSON, 
“The activation of molecular oxygen by electron impact.”’ 


Nebraska, University of 


LYLE VERNON ANDREWS, ‘‘The oxidation potential of the alka- 
line lead oxide, lead dioxide electrode.’”’ Howarp THOMPSON 
BonneTT, ‘‘The action of barium hydroxide on certain of the 
monobasic sugar acids.’”” JAMES OAKLEY LAWRENCE, ‘The 
azo derivatives of arsono naphthalénes.’’ ALBERT LIGHTBODY, 
‘Properties of binary system: alcohol—benzene and the varia- 
tions due to the presence of water.”’ 


New York University 


FELIX BRAUDE, ‘‘The synthesis of certain oxindole derivatives.” 
ALFRED Drxon CALLIHAN, “Raman scattering by crystalline 
hydrogen halides and aqueous solutions.’”” THomas B. Fi1z- 
GERALD, “The reaction of amines with sulfur dioxide.’’ CLar- 
ENCE RICHARD HERMAN, ‘‘The thermal decomposition of diethyl- 
amine.’”’ EDWARD Lewis Kropa, ‘‘The preparation of certain 
a-substituted cholines.’”’ Epwin Tower Layne, ‘‘The thermal 
decomposition of propyl mercaptan.’’ WILLIAM FRANCIS 
WALDECK, ‘“‘The aqueous solubility of salts at high temperatures.” 


North Carolina, University of 


Jacos ADDLESTONE, “‘A study of the soda-alum system.” 
BERNARD LaRS JOHNSON, “‘A study of the aging of rubber.” 
Tuomas LutrHER KING, “The nitration of 2,6-dibromo-1,5- 
dihydroxynaphthalene.”’ 
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Northwestern University 


ArTHUR RayMonp Go .psBy, “The behavior of the normal 
butenes and pentenes at decomposition temperature.’”’ RALPH 
NEIL JONES, “‘Studies of ketenes and allenes.”” GLENN WILLIAM 
KLINGMANN, “The reaction of carbon suboxide with the Grignard 
reagent.’”” RAYMOND WILSON McNamegE, “Alkyl allyl ethers of 
phenol and resorcinol and their rearrangement.” EUGENE 
WILKIN Morrett, “The preparation, physical properties, and 
identification of some aliphatic amines.’”” ELMER BERNHARD 
OserG, “A study of the monoalkyl esters of sulfuric acid.” 
CHARLES ITHAMER ParRIsH, ‘‘Unsaturated ethers of pyrogallol.”’ 


Notre Dame, University of 


LAWRENCE HENRY BALDINGER, “I. The preparation of some 
alkyl phenylacetonitriles in liquid ammonia. II. The relation 
of some physical properties to bactericidal action of some phenyl- 
substituted acids.” LAWRENCE ANDREW O’LEary, ‘Reactions 
and properties of boron fluoride in methyl] alcohol.’”’ MERRITT 
MICHAEL OTTO, ‘‘The electric moments of acetylenic compounds.”’ 
HENRY ANTHONY PERSYN, “Thermal conductivity of condensing 
vapor films in vertical tubes.”” FRANCIS JOSEPH Sowa, ‘“‘Organic 
reactions. Condensations and rearrangements with boron 
fluoride.” RAYMOND JOHN SPaAnR, ‘‘Organo-mercuri-acetylides.” 
ELMER THEODORE WEIBEL, ‘‘Some reactions of acetylene and 
potassium acetylide in liquid ammonia.” 


Ohio State University 


CLARENCE BREMER, “The synthesis of phthalimide deriva- 
tives.’ ALAN THEODORE CHAPMAN, ‘‘The accurate determina- 
tion of the specific heat of nitric oxide gas from its boiling point 
to 150°C. by the velocity of sound method.”” ELMER WILLIAM 
Cook, ‘Electrolytic reductions.’”” Davip HaiGH DAWSON, 
“Investigations in the spectrum of the OH molecule.”” ROBERT 
KRIEGBAUM Fox, ‘“‘The oxidation of activated and non-activated 
carbon in the presence of certain carbonates and oxides.”” ALFRED 
BENJAMIN GARRETT, ‘‘A study of the amphoteric character of 
silver oxide from solubility measurements in alkali and in alkaline 
salt solutions.”” Ray Leroy McCreary, ‘‘The action of oxygen 
upon mono- and polysulfides, mono- and polyselenides, and mono- 
and polytellurides of sodium.’””’ Mary ANNETTA MAGILL, ‘“‘A 
spectrophotometric study of unsaturated hydrocarbons and their 
color reactions.” JOHN DONALD Piprr, ‘‘A study of the effect 
of separating the chromophoric groups of disazo dyes.”” VERNON 
LESLIE RICKETTS, ‘‘The calculation of molecular dimensions from 
diffusion rates.”” JAMES GREEN STEED, “‘Quantitative spectro- 
scopic analysis of solutions.” Dwicut LESTER WarRIcK, “A 
copper membrane gas molecular sieve: Callendar’s theory of 
osmosis.’”” EDWARD FLoyp WeEsp, ‘‘A spectrophotometric study 
of the ferric iron-phenol color reaction.’”” SOLOMON FREDERICK 
WHIRL, ‘‘The effect of solid matter on boiler-water foaming at 
pressures higher than that of the atmosphere.””’ Haro.tp Mon- 
ROE WHITACRE, “An alkali-stable complex carbohydrate from 
Aerobacter aerogenes.”” DorotTHy JANE WOoopDLaNpb, ‘An in- 
vestigation of the relation between surface energy and curvature 
of surface.”’ 

Pennsylvania, University of 


CLaupE Knauss DEISscHER, ‘‘The ratio of mercury to chlorine 
in mercuric chloride.” ARTHUR OSOL, ‘“‘The ‘salting-out’ and 
‘salting-in’ of weak acids. The activity coefficients of the 
molecules of certain substituted benzoic acids in aqueous salt 
solutions.”” JOHN HENRY RUSHTON, ‘‘Rate of solution of mag- 
nesium in acids.’”” KAMENOSUKE SHINOHARA, “I. The kinetic 
study of oxidation of cystine by iodine. II. Stability of cystine 
in acid solutions.’”” JOHN KENSON Srmons, “Some tolyl deriva- 
tives of germanium.” 


Pennsylvania State College 


James Marion Cuurcu, “‘The development and certain 
applications of the technic of ozonolysis.’”’ AuGust HENRY 
HomeEyErR, ‘“‘Studies on ¢ert-butylacetic acid and neopentyl- 
ethylene.”” Davin Percy LANGLOIS, “Studies in intramolecular 
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rearrangements.’”’ JOHN DEHAVEN Lona, ‘‘The effect of tem- 
perature on the time-lag of fibering in rubber.”” WILLIAM 
ERNEST SINGER, ‘‘The structure of rubber as shown by the time- 
lag of fibering.”’ 

Pittsburgh, University of 


LesLi—e Henry ANDREWS, ‘Catalytic reduction of azo and 
anthraquinone types of compounds.’ CHESTER L. ARNOLD, 
‘The isolation and study of the humic acids from peat.”” Mav- 
RICE HUBBARD BIGELOW, “‘A study of the sodium series of 
selenium glass.”” CATHERINE MITCHELL BrIDGHAM, “A study 
of the chemical nature of lemon albedo pectin.” Hucu E. 
GILLANDER, ‘“‘A study of the factors involved in the weathering 
of creosotes.’”” SAMUEL MANER MarrTIN, Jr., “The distribution 
of gum-forming constituents in a cracked gasoline.’”” GERALD 
McKinney Petty, “The system sulfur-octachlorobiphenyl.” 
FoRREST WESTERN, “The atomic weights of radioactive sub- 
stances. Actinouranium and the problem of geologic time.” 


Princeton University 


FREDERIC HENRY ADAMS, ‘‘An experimental study of the spa- 
tial configuration of the valence in tricovalent carbonium ions 
and free radicals.” NELSON ALLEN, ‘‘New analytical methods 
for fluorine.’”’ ROBERT WALLACE Bonn, ‘“‘Some reactions be- 
tween alkylene oxides and hydroxylamine derivatives.’”’ TuNc- 
Cuinc CuHow, ‘‘On the spectrum of sulfur dioxide.’”” Epwarp 
Morris Co..ins, ‘‘A new method of measuring aqueous tensions 
in salt hydrate systems.” PHiLtip DartT HAMMOND, “‘The reac- 
tion of sulfur with benzene and the synthesis of some aryl sul- 
fonium salts.’”” Curtiss SUMMERS HitcHcock, ‘‘Dipole rotation 
in crystalline solids.” JoHN Howarp, “The adsorptive and cata- 
lytic properties of chromium oxide.” K1a-KHwe Jgu, ‘“‘Com- 
parative inhibitory powers of organic substances in chain reac- 
tions.’”” SAMUEL EDWARD KAMERLING, ‘Studies in dielectric 
polarization. I. Someorganicsolids. II. The polymethylene 
bromides.’”” WALTER BARKER KEIGHTON, Jr., ‘“‘A study of 
catalysts for the removal of thiophene from benzene by hydro- 
genation.”” DoNnaLp Apo.Lpuus Lacoss, “Influence of intensive 
desiccation on certain physical properties of benzene.’”’ CHARLES 
Ha.sey LINpsLey, ‘‘The cryoscopic study of certain aliphatic 
alcohols.”” JoHN MacLeop Morton, “The kinetics of the disso- 
ciation of some typical hydrocarbon vapors.’”’ WENDELL PHILLIP 
Munro, “‘The mechanism of the slow oxidation of propane.” 
ALBERT SHERMAN, “Experimental and quantum mechanical 
studies of some chemical reaction rates.’”” CORNEILLE OSBURN 
StrotHER, ‘‘Adsorption of hydrogen by zinc oxide and promoted 
catalysts.” WENDELL HERTIG TayLor, “Studies in thiophenol 
chemistry. I. Thiophenol-aldehyde condensations. II. A 
general condensation reaction between thiophenols and condensed 
aldehyde-ammonias.””’ WILLIAM SPARKS WALLS, “Dipole mo- 
ment, molecular shape, and valence angle.” 


Purdue University 


WALLIS REMAN BENNETT, “Determination of geological time 
by radioactive disintegration: volumetric determination of 
uranium in radioactive minerals.” JoseEPpH EMERY HECK, 
Rhythmic precipita- 
tions. II. Adsorption of cations.’”” GporGE ALLEN SCHERER, 
“Potential of the magnesium electrode in ether-solutions and the 
free energy of formation of magnesium bromide.” 


Stanford University 


ERNEST Joy Batpwin, ‘‘The design and construction of a 
vacuum monochromator and a photochemical study of the 
oxygen-ozone reaction.” Horace ALBERT BARKER, ‘The 
chemistry of egg-albumin, with special reference to the phe- 
nomenon of heat denaturation.”” RoBErT Drxon Brown, 
“The kinetics of the homogeneous decomposition of the aliphatic 
aldehydes.”” FRANK ALLEN Lucy, ‘“‘Photochemical and spectro- 
graphic studies of three nitrobenzaldehydes.”” RAYMOND ARCHIE 


MortTENSEN, “The photolysis of some organic compounds of 
lead.” 
glasses.”’ 


Monroe EpwarD SPAGHT, “Physical studies on simple 
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Syracuse University 


DorotHy Mary FITZGERALD, “The ion yield in the decomposi- 
tion of ammonia by alpha rays.” 


Texas, University of 


BuRNARD StTorREyY Buccs, “The isolation of certain kero bases 
and a study of their reactions.’”” CHARLES Masry Biarr, ‘The 
hydrolysis of hydantoin-oxindoles and the number of structurally 
isomeric aliphatic compounds.”” FRANK WELDON JESSEN, “The 
heat capacities and free energies of formation of the methyl- 
amines.’””’ LucrEN JEAN BaTISTE LaCosTE, ‘‘The crystal struc- 
ture of the aragonite group.”” JoHN TAyNTON MuRCHISON, 
“a-Substituted ethyl -butyl ethers. Utilization of a-chloro- 
and a-cyanoethyl ethers for the synthesis of typical alkoxy alkyl 
derivatives, n-C,sHy-O-CHXCH3.”” THOMAS SMITH PERRIN, 
“Cumulative extractions as a means of segregation of kero bases 
obtained from petroleum. Isolation and identification of 2,4,8- 
and 2,4,5-trimethylquinoline.”” JUDSON STERLING SWEARINGEN, 
“Gaseous reactions produced by high frequency discharges; 
effects due to variations in frequency.” 


Vanderbilt University 


L. DeLoss Parsons, ‘‘Neutralization reactions of phosphoric 
acid and calcium acid phosphate.”’ 


Virginia, University of 


Davip EuGENE Morris, ‘‘Studies in morphine chemistry. 
(A) The desoxymorphines. (B) The thiocydides and thelanino.” 


Washington, University of 


HERBERT KENNETH McCrain, “Nernst and electrokinetic 
potential behavior.’”” KEITH MortTON SEyYMovr, “‘A study of the 
adsorption at the benzene-sodium oleate solution interface.” 
BERTRAM Davip Tuomas, “The electrical conductivity of sea 
water.” 


Washington University, St. Louis 


THOMAS FRANCIS MCDONNELL, “I. Some derivatives of deca- 
hydronaphthalene. II. A study of the constitution of aloin.”’ 


Western Reserve University 


WILL1AM DuNCAN STILLWELL, “The fluorination of trichloro- 
silane.’ CARL FRANCIS SWINEHART, ‘“‘The measurement of the 
critical constants of various fluoride gases and the preparation 
of the fluorochlorosilanes.”’ 


Wisconsin, University of 


ARTHUR BERNHARD ANDERSON, ‘‘Dehydroperillic acid, an 
acid from western red cedar, Thuja plicata Don.’’ WALTER 
HERMAN Bauer, ‘The photobromination of cinnamic acid.” 
Haro_tp EvuGENE Burpick, ‘‘The hydrogenation and hydrogen- 
olysis of compounds containing the furane nucleus.” MrILForp 
ALTON CowLEy, “‘Studies on certain derivatives of levulinic acid, 
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a sucrose degradation product.’”’ RICHARD FRANCIS BUCHANAN 
Cox, ‘‘A study of the mechanism of the acetoacetic ester con- 
densation.”” ALFRED WINSHIP Downegs, “The chemistry of 
indium.”’ ERNEST WILFRID GREENE, ‘‘The temperature varia- 
tion of the dielectric constants of gases and vapors.’’ ROBERT 
CLINTON Harino, “A study of certain factors affecting the auto- 
oxidation of stannous chloride.” MERLE ALFRED Heatu, “A 
study of the effect of salts on the catalytic decomposition of 
hydrogen peroxide by colloidal platinum.’”’” VERNARD OBERDON 
HEsToN, “‘Activity studies in glacial acetic acid.” BEN WILSON 
Howk, ‘The reactions and structure of a-benzoyl-a-bromo 
esters.”” Harry NoBLE HuNTZzICcKER, “The relation of hydrogen 
to nickel with special reference to the catalytic power of the 
latter.” Suto ARTHUR KaryjaLa, ‘‘The stereochemical con- 
figuration of ephedrine: sulfur-containing local anesthetics.” 
EpwarpD NoBLE Kramer, ‘The oxidation of selenium in the 
glow discharge.’”” GLEN MarcELLUS KUETTEL, ‘“‘The chemical 
nature of dyestuffs in pine wood pulps.’”’ ERvin FRANK KurtTH, 
“Contributions to wood chemistry: the chemical nature and 
distribution of extractives.” Davin Matcotm McQueen, ‘“‘An 
electrokinetic investigation of the mutual coagulation process.” 
RayMOND LUTHER MITCHELL, ‘‘Contributions to wood chem- 
istry: some chemical properties of lignin.”” JoHN LAWRENCE 
ONCLEY, ‘‘The frequency variation of the dielectric constant of 
dilute non-aqueous solutions.”” EpwWARD ALBERT PRILL, “A 
study of the condensations of w,w-dicarbethoxydialkyl methyl- 
amines by means of sodium ethoxide.’”” WaLTER HAMMOND 
SARTMAN, “The hydrogenation and hydrogenolysis of certain 
organic compounds.’”’ EUGENE WILHELM SCHOEFFEL, ‘The 
preparation of glucuronic acid from gum arabic.’”” CLARENCE 
WILLIAM SONDERN, “‘Thymotinic compounds: a chemical study 
of thymol derivatives.” JOHN FRANKLIN STEINER, ‘‘Studies on 
the passive state of metals.”” FRANK HENRY VERHOEK, ‘I. The 
dissociation constant of nitrogen trioxide. II. The kinetics of 
the decomposition of trichloroacetic acid and its salts in various 
solvents.”” CHARLES FRANCIS WINANS, ‘‘The hydrogenation of 
organic nitrogen compounds.” 


Yale University 


ELTON Straus Cook, ‘“‘The synthesis of ester derivatives of 
2-dialkylamino-3-hydroxytetrahydronaphthalene.”” LAWRENCE 
STAMPER DarRKEN, ‘The dissociation constants of cyanoacetic 
and glycollic acids from conductance measurements.” JOHN 
CLaRK DEAN, Jr., “Alkyl and  arylaminopyrimidines.”’ 
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SIMPLE VACUUM TUBE OSCILLATOR 
for CONDUCTIVITY EXPERIMENTS 


J. H. SAYLOR anp J. M. A. DEBRUYNE ‘ 


Duke University, Durham, North Carolina 


HE microphone hummer which is the usual source 
of alternating current for conductivity experiments 
is a rather expensive piece of apparatus. The 
cheaper buzzer which is sometimes substituted is 
unsatisfactory, as students usually have difficulty in 
obtaining good minima when using it. In this labora- 
tory a simple vacuum tube oscillator with one stage of 
amplification is being used. This oscillator in the 
hands of beginning students in physical chemistry gives 
results equaling if not surpassing those obtained with 
the microphone hummer. ‘ 
The oscillator-amplifier and bridge circuit is shown 
in the accompanying diagram. The oscillator and 





amplifier both are operated on the 115-volt direct cur- 
rent laboratory line. The chief novel feature about the 
oscillator is the use of a Crosley type B audio trans- 
former, from which all the iron core has been removed, 
for the oscillating coils. The oscillators built gave 
approximately a 1000-cycle note although no attempt 
was made to adjust the frequency precisely. The fre- 
quency can be lowered by reinserting part of the iron 
core in the transformer. In one of the oscillators built, 
it was found necessary to place a switch in the plate 
circuit of the oscillator tube. This switch was used to 


break the plate circuit momentarily so as to incite the 
oscillations. 


The oscillator and amplifier can be built 
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at a cost of approximately five dollars by buying the 
parts from one of the numerous companies specializing 
in radio parts. 

It is not possible to use this oscillator with the usual 
low-resistance, slide-wire Wheatstone bridge. It is 
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the setting on the resistance box R;._ By replacing the 
cell C with another resistance box, the value of the 
ratio of the two resistors Re can be determined. 

For resistances up to approximately 500 ohms, the 
minimum can be determined to within 1 ohm, while for 









































OSCILLATOR-AMPLIFIER AND BRIDGE CIRCUIT 


P, S are primary and secondary coils of an audio transformer, from which the iron core has been removed. 7,;— 
audio transformer; 7,—low impedance, 1 to 1 ratio, audio transformer; R:—400-ohm Truvolt 50-watt resistor; 


R.—1000-ohm resistor, General Radio Co., type 500-H; R;—resistance box; C—conductivity cell. 


may be inserted at X to start oscillations.) 


necessary to use two 1000-ohm resistors, Re, as two arms 
of the bridge. Fixed resistors, type 500-H made by 
the General Radio Company and adjusted to 0.5%, 
were found to give good results. The bridge must be 
grounded in order to obtain good minima. The resist- 
ance of the conductivity cell, C, is read directly from 


(A knife switch 


a resistance of 5000 ohms it can be determined to within 
10 ohms. Incidentally, the microphone hummer gives 
better results if the ordinary low-resistance slide wire 
of the Wheatstone bridge is replaced by the two 1000- 
ohm resistors and settings made directly on the re- 
sistance box. 





The FRACTIONATING COLUMN 
in PREPARATION of ACETONE 


G. ROSS ROBERTSON 


University of California at Los Angeles 


Isopropyl alcohol, now available at low cost, is readily 
converted into acetone in an experiment sutted to be- 
ginners in organic chemistry. The yield 1s high tf the 
temperature of oxidation be kept low. The resulting 
aqueous acetone solution is then completely distilled 
twice; first by the ordinary method and then through 
a fractionating column. The difference in boiling point 
between acetone and water 1s just sufficient to give a clear 
demonstration of the superiority even of a commonplace 
column. 


+++ + + + 


SPECIFIC demonstration of the value of a frac- 
tionating column in organic synthesis is generally 


not provided in laboratory manuals. To be 


sure, one may find the common but arbitrary scheme 
of mixing two unrelated solvents. The student has the 
task of undoing this unnecessary operation, and may 


not have great intellectual respect for the assignment. 
Much better is a genuine organic synthesis requiring 
the use of a column for purification. Unfortunately, 
the few examples of such a separation in standard 
manuals, such as alcohol from water after a fermen- 
tation and benzoyl chloride from phosphorus oxy- 
chloride, have drawbacks. 

The preparation of acetone by oxidation of isopropyl 
alcohol is so much more satisfactory than by the 
conventional acetate-dry distillation method that its 
inclusion very early in an elementary course is prac- 
ticable. The aqueous solution obtained by the oxida- 
tion process is readily fractionated. The 44° interval 
between the boiling points of acetone and water is 
just sufficient to make the limited virtues of a simple 
column stand out. The accompanying figure shows 
the behavior of the same aqueous acetone when dis- 
tilled with and without the column. 
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The oxidation of hot isopropyl alcohol by the drop- 
wise addition of dichromate, with prompt expulsion 
of the volatile ketone, similar to the procedure in pre- 
paring acetaldehyde, is largely a failure on account 
of the continuation of oxidation to the acetic acid- 
carbon dioxide stage. A reduction of temperature 
to 40° or less almost entirely stops the second oxidation, 
and a large yield of acetone is at once available. The 
following directions, obviously intended for beginners, 
give good results in the hands of careful inexperienced 
students: 

To a 700- or 1000-cc. flask containing 25 cc. water 
add carefully 50 cc. concentrated sulfuric acid, and 
mix by gentle shaking of the vessel. Cool the flask 
under the tap; then add 100 cc. water and one-half 
mol isopropyl alcohol (33 g. of the commercial aqueous 
alcohol contains approximately this amount). 

Provide an ice-and-water bath of size large enough 
to permit the complete immersion of the body of the 
flask. This bath should contain at least 500 g. finely 
crushed ice, together with enough water to facilitate 
frequent introduction and removal of the reaction 
flask. Dissolve 52 g. sodium dichromate in about 
25 cc. hot water; this quantity is slightly in excess of 
the theoretical requirement. 

A thermometer is now mounted in the flask in such a 
manner that it is held rigidly, with its bulb in the 
reaction mixture, but with some arrangement for adding 
a liquid reagent from time to time. A common cork, 
bored to receive the thermometer, and with one side 
cut off, is satisfactory. 

Immerse the flask in the ice bath, and add the 
dichromate solution in from ten to fifteen portions. 
After each addition shake the vessel momentarily in the 
open with a gentle rotary motion, and immediately 
plunge it into the ice bath. If the temperature 
threatens to rise above 40°, remove the flask from the 
bath, shake again momentarily and return promptly 
to the ice bath. As soon as the temperature falls to 
25°, add a new portion of dichromate. Do not try to 
lower the temperature below 25°, lest unreacted ma- 
terial accumulate. At the end of this operation the 
color should be green, possibly with a slight olive tint, 
indicating excess of dichromate. 

When the temperature of the reaction mixture shows 
no further tendency to rise spontaneously, transfer the 
material to a 500-cc. distilling flask containing boiling 
stones. Distil rapidly, using a 100- or 125-cc. distilling 
flask as receiver. A receiver with low sidestem is pref- 
erable, so that the difference in the two redistillations 
will be accentuated. When the temperature of dis- 
tillation finally reaches the boiling point of water, 
allow 10 cc. of distillate to collect at this temperature, 
and then discard the residue in the boiler. 

Attach the distilling flask, with its accumulation of 
crude aqueous acetone, and some fresh boiling stones, 
to the condenser, and provide a bent adapter to convey 
the next distillate to a 50- or 100-cc. graduated cyl- 
inder, which is used as a receiver. In warm weather 
stand this cylinder in ice water. 
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Now distil the entire contents of the flask as rapidly 
as the following program of observations will permit. 
(Note that a slow distillation, permitting excessive 
reflux, will obscure the point of the experiment as far as 
manipulation is concerned.) At each 2- or 3-cc. 
interval record in the notebook the boiling point and 
yield so far collected. A few drops of relatively less 
volatile liquid will always be found as residue in the 
distilling flask. Investigate this material; is it pure 
water? 

Transfer the distillate from the graduated cylinder 
to a 200-cc. round-bottomed flask to which is fitted a 
small Hempel or other fractionating column. From this 
flask and column redistil the aqueous acetone slowly, 
(about 2 drops per second) making a record of tempera- 
tures and yields just as in the previous distillation. 
There must be no interruption of the distillation while 
these data are being taken. Watch out particularly 
for drafts in the laboratory which cause irregular 
cooling of the column. Any fall in temperature is 
definite evidence that the apparatus is not being 
manipulated properly. 

As the rate of distillation falls, gradually heat the 
flask more strongly. When the temperature at the top 
of the column reaches 65°, substitute a test-tube for 
the graduate and set aside the distillate as your prepa- 
ration of acetone. As soon as possible place the 
emptied graduate back in position, add to it whatever 
material has accumulated in the test-tube, and con- 
tinue the distillation until you can get no more liquid 
to go over into the receiver. 

The product from this experiment may be treated 
with about 5 g. of coarsely crushed quicklime, and 
allowed to stand overnight. When finally distilled 
from the lime, the resulting liquid should be high- 
grade acetone of narrow boiling range. 

Draw on a single piece of cross-section paper a graph 
representing the two distillations, with and without 
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the column. In this graph plot the boiling points as 
ordinates, and yields in cubic centimeters as abscissas. 








MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


California Institute of Technology, Pasadena, California 


PROBLEMS 41-45 


SOLUTIONS of the following problems will be given 
in the December issue. 


41. 


43. 


36. 


Raoult’s law states that 


P-P_ _=™ 
Po N+n 


where is the vapor pressure of pure solvent, 
p the vapor pressure of the solution, ” the num- 
ber of mols of solute, NV the number of mols of 
solvent, and x is the mol fraction of solute. 
Show that this is equivalent to p = poy, where y 
is the mol fraction of solvent = N/(N + n). 


In the de Broglie relationship \ = h/mv, d is the 
wave-length associated with a particle of mass 
m moving with the velocity v, and h is Planck’s 
constant, 6.55-:10-*" erg sec. The kinetic energy, 
'/omv?, in ergs, of a particle of charge e which has 
been accelerated through a potential of E electro- 
static volts is Ee. One electrostatic volt is 
equal to 300 International volts. Derive the ex- 
pression \ = 12.2/V'” Angstréms, which gives the 
wave-length associated with an electron (charge = 
4.774:10-" e. s. u.; mass = 9-10-78 g.) which has 
been accelerated through a potential of V Inter- 
national volts. 





= X, 


A quantity of a compound A2B3;, with an excess 
of compound Ag, was heated at a given tempera- 
ture until equilibrium was established in the de- 
composition according to the reaction: 


44, 


2AcBs3 = 2Ae + 3Be 


Analysis showed the’ following partial pressures 
of the different compounds present: pa, 
0.3 atm., pp, = 0.2 atm., pap, 0.7 atm. 
What is fa,p, at this temperature when pa, = 
Ps, = 1 atmosphere? 

The equilibrium constant for the reaction 


2Fett++ + 2Hg = 2 Fett + Hg,tt 


is 0.0180 at 25°C. and 0.0539 at 35°C. (J. Am. 
Chem. Soc., 55, 2648 (1933)]. Using the inte- 
grated van’t Hoff equation 


K, _ AH(T2 — T)) 
K, 2.308 RTT; 


estimate the equilibrium constant at 45°C. AH 
is the heat of the reaction, R is the gas constant 
(1.987 cal./deg.), and K, and Ke are the equi- 
librium constants at the absolute temperatures 
T; and 7», respectively. 

M 


n> — 1 h is th 
ea} 7°© ere ” is the 
refractive index, M the molecular weight, and 
d the density. Molar refraction is also equal to 
the sum of the atomic refractions. The atomic 
refractions of carbon, hydrogen, and iodine are 
2.501, 1.051, and 14.12, respectively. Estimate 
the refractive index of ethyl iodide, C,H;I (M = 
155.97 and d = 1.938). 





log 





Molar refraction, R = 


SOLUTIONS OF PROBLEMS 36-40 
Se 
[J. Cuem. Epuc., 10, ‘ (1933) ] 


(a) a/v? must have dimensions of pressure, or force per unit 
area. 

Dimensions of a/v? = 
Dimensions of v? = /, 
Dimensions of a = ml—t-2.16 = ml5t-2, 

b obviously has the dimensions of volume or /°. 

(a is usually expressed in atm. cc.? and 6 in cc.) 

Let p and v be the pressure and volume of one mol of 
gas at a given temperature. Consider 1 mols of gas at 
the pressure p and the volume v’ = nv. The volume 
correction is proportional to the quantity of gas, so the 
van der Waals volume is (v’ — nb). The pressure cor- 
rection is independent of the quantity of gas, or is 
equal to a/v?. In terms of v’ this is n*a/(v’)?. 
Dropping the prime notation, the van der Waals equa- 
tion becomes (p + n?a/v*)(v — nb) = mRT. 


F/l? = mlit-21-? = ml-4-3, 


(0) 


37. 
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(pb. + a/v?) (v — 6) = RT. 

pv? — p.bv? + av — ab — RT,v? = 0. 

v? — (b + RT./p.)v? + (a/b.)v — ab/pe = 0. 
Expanding (v — v,)? = 0, 

v3 — 3v,v? + 30,27 — v2 = 0. (2) 
Equating coefficients of like powers of v in (1) and (2), 


(1) 


3u, = 5 + RT./ Pe, (3) 
3u,2 = a/Pe, (4) 
v2 = ab/p-. (5) 


From (4), a = 3p,0,?. 

From (4) and (5), 6 = »,/8. 
Substituting this value of 6 in (3) gives 
R = 8p.,/3T,. 
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38. Under critical conditions, 
be = RT./(v. — 6) — a/v,*. (1) 


op/ov rei —RT./(v. — 6)? + 2a/v,? = 0. (2) 
d2p/dv2 = 2RT./(v. — b)? — 6a/v.4 = 0 (3) 
oor (2) and (3) for 6 gives 

= 2,/3. (4) 
oe (4) in (1) and (2) gives 
2(p- + a/v,")v, — 8RT, = 0. (5) 
2a/v,2 — ORT,/40,2 = 0. (6) 
Solving (5) and (6), 

= 3pu,, = 8p.0,/3T,. 


39. (ap, + 3p.0-?/ B*v,*) (Bu, re v,/3) = 8p.0-yT,/3 Pe; 
(a + 3/8?) (8 cn 1/3) Deve = 8p.0-vT./3T., 
(a + 3/6*) (88 — 1) = 8y. 
40. From the van der Waals equation 
a = RTv*/(v — b) — pr. 
Substituting numerical values 
= 31122.4-10°/(2000 — b) — 14-960-4-108 (1) 
= 31122-4-108/(20000 — b) — 1.5500-4-108 (2) 
Subtracting, clearing of fractions, and solving the resulting 
quadratic equation for 6 gives b = 50 cc. 
Substituting this value of 6 in (1) or (2) gives 
= 4-108 atm. cc.? 
(a) Substituting v = 4000 and the above values of a and b 
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in the van der Waals equation (RT = 31122) and solv- 
ing for p gives p = 7.629 atm. 

(b) (4 + 4-108/v?) (v — 50) = 35800. 
Clearing of fractions and reducing the coefficient of v* 


to unity.* 

v? — 9-105? + 10% -— 0.05-109 = 0. (1) 
Substituting v = x + 9-103/3, 

x3 — 26-10% — 51.05-109 = 0. (2) 


(—51.05-10°)2/4 + (—26-10%)3/27 = 0.0056-10?°. 
Thus there is one real root and two conjugate imaginary 
roots. 
The real root, which alone can have physical significance, 
is equal to A + B, where 
A = [25.525-10° + (0.56-1018)'/2]'/2 = 2915.2. 
rer in — (0.56-1018)'/2|'/2 = 2972.9. 
A + B = 5888.1. 
x + 3000 = 8888.1 cc. 


B = 
= = 
Vv = 
(c) From the results of part (a) and problem 37 or 38, 
Ue = 
Pe = 
T, = 


3b = 150 cc. 
a/3v,2 = a/27b? = 59.3 atm. 
8p.0./3R = 8a/27Rb = 289°K. 





* Methods of solving cubic equations are usually given in sci- 
entific handbooks familiar to chemists. 


Sa— 


CORRESPONDENCE 


BALANCING EQUATIONS 


To the Editor 
DEAR SIR: 

The inquiry of A. W. S. Endslow [J. Cuem. Epuc., 
8, 2453 (Dec., 1931) ] about an algebraic method for bal- 
ancing equations, and the numerous responses to it, 
[ibid., 9, 358-63, 560, 751-4, 944-5, 1124-6, 1299-1301 
(1932), and 10, 250 (1933) ] leads me at this late date to 
call your attention to a paragraph on page 70 in “A 
Textbook of Elementary Chemistry, Theoretical and 
Inorganic” by George F. Barker, M.D., second edition, 
revised and enlarged, 1891, in which the “algebraic 
method of simultaneous linear equations” is mentioned 
and illustrated by means of an example. 

The statement from Barker’s “Chemistry” 
follows: 


is as 


In some cases, however, where the reaction is a complex one, 
it is convenient to be able to calculate the number of molecules. 
This may readily be done by the use of the algebraic method of 
simultaneous linear equations, which may be illustrated as fol- 
lows:* Suppose it be required to write the reaction where tin 
acts on nitric acid, the products being stannic oxide, nitrogen 
dioxide, and water. Using letters to indicate the number of 
molecules, we have the equation: 

aSn + bHNO; = wSnO, + xN2O02 aa yH2,0 
Since the number of atoms of each element must be the same on 
the two sides of the equation, we have for the tin, a = w; for the 
hydrogen, b = 2y; for the nitrogen, b = 2x; and for the oxygen, 
3b = 2w + 2x + y. Assuming b = 1, and solving these equa- 





* As suggested by C. E. Munroe. 


tions, we find a = 3/4,x = !/2,y = 1/2, and w = 4/4; or, clearing 
of fractions,a = 3,6 = 4,w = 3,x =2,andy =2. Substituting 
these numerical values now for the literal ones above given, we 
have the correct equation: 


3Sn + 4HNO; = 3Sn0; + 2N202 + 2H20 


I have not been able to learn when the first edition of 
this book was published or if it contained this procedure. 

While Professor of Chemistry in George Washington 
University, Dr. Munroe gave this method to his classes 
from 1892 to 1918. Since then I have continued the 
practice though emphasizing the knowledge of chem- 
istry that will enable the pupil to write the products of a 
reaction rather than to balance precisely a complex 
equation, which result may be more misleading than 
useful in the matter of showing the true course, or 
courses, of the reaction. 

In these later years when new ideas of valence, 
oxidation-reduction, and ion transfer have unduly 
magnified the business of balancing intricate chemical 
reactions, my pupils take with avidity to this method 
which is given once only and after the other methods 
have been thoroughly exemplified, and they often tell 
me that they prefer it to any other method that has 
been presented. 

Very truly yours, 
H. C. McNEIL 


GEORGE WASHINGTON UNIVERSITY 
WASHINGTON, D. C. 
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KEEPING UP WITH CHEMISTRY 


Corn silk. Anon. Ind. Bull. of Arthur D. Little, Inc., 80, 
3-4 (Aug., 1933).—Zein derived from corn, heretofore known 
only in the laboratory or the museum exhibit of interesting curi- 
osities, seems now ready to join the list of industry’s low-priced 
raw materials, with possible applications in the fields of plastics, 
adhesives, films, sizing, and filaments. It is a vegetable protein 
extracted from corn-gluten, a by-product in the manufacture of 
corn starch. It forms a hard, colorless, amorphous solid of horn- 
like character. Zein, when crude, contains corn oil and other 
impurities, but properly manufactured is tasteless and odorless. 
It was first described in 1821 and its composition is perhaps better 
known than that of any other protein. Its resemblance to cellu- 
lose and cellulose derivatives makes it important. Like them, 
it softens slightly but does not dissolve in water. It is insoluble 
in absolute alcohol, though it is readily soluble in less-concen- 
trated alcohol solutions, such as 80% (by volume), and in many 
other solvents. The plastics and resins are apt to be influenced 
by this raw material. Solutions of zein when evaporated to 
dryness leave a transparent continuous film capable of being 
dyed, filled, and plasticized like cellulose derivatives; or as 
zein is miscible with numerous cellulose derivatives, it may be 
used as a filler in sheets or molding compounds. Filaments of 
zein have been made also in the laboratory. Being of protein 
material, they more nearly approximate natural silk in chemical 
composition. At present this possibility is hindered by the physi- 
cal properties of zein, but its possibilities are interesting and 
worth thinking about. Its resistance to water, non-inflammabil- 
ity, and ‘“‘non-putrescence”’ indicate its advantage as an adhesive 
in sizing and coating paper and textiles, and in finishing leather. 
It has also been suggested as a reinforcing compounding material 
for rubber. Since it dissolves readily in dilute caustic solution 
with the formation of sodium zeinate, zein may be used for a 
water-soluble as well as for a spirit-soluble base. G. O. 

Sodium, the metal. Anon. Ind. Bull. of Arthur D. Little, 
Inc., 80, 4 (Aug., 1933).—Sodium, the metal, is a stranger to most 
people, and yet it is one of our commonest elements in the crust 
of the earth. It is exceeded in plentifulness only by the metals 
calcium, iron, and aluminum and the non-metals, oxygen and 
silicon. Scientifically known since 1807, it is made on a large 
scale by the electrolysis of caustic soda and sells for about 20¢ 
per lb. in drum lots and as 12 lb., or smaller, cast bricks, 99.9% 
purity. For the same-sized piece sodium conducts electricity 
as wellasdoescopper. Weight for weight it is three times as good 
an electrical conductor. Cost for cost, it ischeaper as an electrical 
conductor than is either copper or aluminum. In a few perma- 
nent installations, such as those made at the Dow Co. in 1931, 
where large currents are to be carried, metallic sodium cast into 
large iron pipes may prove to be even the cheapest conductor for 
the work in hand. Sodium may be melted and handled in iron 
and steel pipes and vessels but not safely in other metals in gen- 
eral. Properly controlled, sodium is a powerful reagent for 
certain chemical reactions, including dehydration, reduction, 
polymerization, decolorizing, and deodorizing. Various forms 
may be used including ribbon, wire, shot, and alloys with lead 
and other metals. 

Sodium tetrathionate and methylene blue in cyanide and car- 
bon monoxide poisoning. J. H. Draize. Science, 78, 145 
(Aug. 18, 1933).—Sodium tetrathionate was found to be more 
effective against cyanide and carbon monoxide poisoning in ex- 
perimental animals than methylene blue. Larger doses of tetra- 
thionate were tolerated by the animals. a Sem 

Selenium as an insecticide. E. N. Nerson, A. M. Hurp- 
KarRRER, W. O. RosBINSON. Science, 78, 124 (Aug. 11, 1933).— 


While selenium compounds used as insecticides may be washed 
from fruits and vegetables, making them safe, readers are warned 
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that selenium compounds (probably all kinds) may poison the 
soil. Soil containing fifteen parts per million of selenium as 
selenate hinder development of wheat plants. Quantities smaller 
than this do not poison the plant noticeably but produce in it 
(protein?) compounds toxic to experimentalanimals. E. C. K. 
The production and uses of solid CO... H.G.Litrter. Chem. 
& Ind., 52, 533-7 (June 30, 1933).—Solid carbon dioxide was dis- 
covered by Thilorier in 1835, but it was produced commercially 
for the first time in 1924. The first important commercial use 
was the conserving of ice cream while in transit. Applications of 
thermodynamics have greatly increased the efficiency and lowered 
the cost as compared with the earlier processes. Some of the ad- 
vantages and disadvantages, and special precautions which have 
to be followed in the use of solid carbon dioxide as a refrigerant 
and as a source of gaseous carbon dioxide are briefly described. 
E. R. W. 
Mid-Continental brine yields bromine and salt products. 
EDITORIAL STAFF REPORT. Chem. & Met. Eng., 40, 414-6 (Aug., 
1933).—The Texaco Company at West Tulsa, Oklahoma, has com- 
bined two industries in a novel manner. Brine is pumped from 
a 3500-ft. well. It is first treated with lime to precipitate the 
magnesium salt present as magnesium hydroxide. The remain- 
ing brine is used as a cooling solution in the oil-refinery stills. 
This evaporates it enough to crystallize out the sodium chloride. 
After its removal bromine is obtained from the bittern by the 
action of chlorine. Subsequently further evaporation gives cal- 
cium chloride. The magnesium hydroxide is made into Epsom 
salt by sulfuric acid. The bromine is made into ethylene-dibro- 
mide for use in anti-knock fuels. ja: S 
Making sulfur in city gas a profitable by-product. R. S. 
McBripe. Chem. & Met. Eng., 40, 398-401 (Aug., 1933).—In 
the ammonia-thylox process the gas first goes through the usual 
condensing and ammonia removal equipment. It is then passed 
up through a grid-filled tower absorber through which a solution 
of ammonium thioarsenate flows. 99% of the H2S is removed. 
The solution from the base of the tower is pumped to the top of 
an actifying tower through which air is blown. Elementary 
sulfur is thus released in fine form and skimmed from the top of 
the tower overflow by arotary filter. The sulfur is further melted 
down and cast into blocks or burned to make sulfuric acid. It 
costs 0.8 cent per thousand cubic feet of gas to carry out this 
process. Ds WE 
What steel to use at high pressures and temperatures. J. L. 
Cox. Chem. & Met. Eng., 40, 405-9 (Aug., 1933).—This article 
discusses two metallurgical problems: (1) creepb—or the gradual 
continuous distortion of metals under continued load below that 
producing prompt fracture—making it unsafe to use at elevated 
temperatures the usual rules of design based on tensile strength 
or proportional limit; (2) hydrogen corrosion—or the effect of 
hydrogen at high pressures and temperatures on the constitution 
and structure and consequently upon the properties of metals. 
The steels best suited to different conditions and processes are 
recommended. a ees 
Use of de-airing for clays and other plastic products. H.R. 
STRAIGHT. Chem. & Met. Eng., 40, 410-2 (Aug., 1933).—De- 
airing is the partial evacuation of air or any other gases present. 
Augers feed the clay into a de-airing chamber and seal the intake. 
Pugging knives cut through and work the clay masses ahead 
while they are in the rarefied atmosphere. The expressing auger 
seals the outlet. Improvements following de-airing are (a) 
greater strength, (0) less resilience, (c) increased plastic dried and 
fired strength, (d) vitrification in less time and at lower tempera- 
ture, (e) greater resistance to abrasion, (f) longer life of ware. 


There are many other applications of de-airing in other fields. 
J. W, Bi. 
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Lavoisier’s early work in science, 1763-71. A. N. MELDRUM. 
Isis, 19, 330-63 (1933).—Lavoisier took his place at the 
Académie des Sciences on the 1st of June, 1768, about 3 months 
before he reached the age of 25 years, his scientific work already 
meriting the recognition. In 1768, too, he commenced his 
work upon the nature of water, and was able to meet the costs 
of experimentation from his income as an official. Professor 
Meldrum’s paper contains an account of Lavoisier’s training in 


ADMINISTRATIVE PROBLEMS AND DEVICES; CURRICULA 


The background of science education. C. A. Kraus. Rep. 
New Eng. Assoc. Chem. Teachers, 34, 92-9 (May, 1933).—No 
two individuals are alike in native ability, in objectives, or in 
their social background. Yet in attempting to provide an educa- 
tion for every individual we are forced to adopt educational 
methods in which the individuality of the student cannot be 
taken into account. 

All students intending to enter the sciences should be required 
to have an adequate preparation in French and German before 
they enter college, to have the maximum preparation in mathe- 
matics that the secondary schools afford, to continue the study 
of mathematics throughout their college course, and in college 
to work in at least two sciences. In order to carry out a program 
of this kind the prevailing notion of a cultural college course would 
have to be given up so far as the sciences are concerned. A 
broad knowledge of the sciences has a very definite cultural 
value and offsets the loss sustained in other directions. 


Reduction in federal aid for the land-grant colleges. Epiror. 
Science, 77, 599-600 (June 23, 1933).—Federal aid has been re- 
duced from last year’s total of 15,669,096 to about 11,750,000 
for next year. The appropriations for scientific work in various 
government bureaus have also been reduced. The Bureau of 
Standards must probably meet a reduction of 60%. ~ 

E.C.K 


EDUCATIONAL MEASUREMENTS AND DATA 


Research studies relating to the teaching of science. C. J. 
Pieper. Sct. Educ., 17, 138-50 (Apr., 1933).—This bibliog- 
raphy lists the investigations relating to the teaching of science 
that were published during the period June, 1931, to December, 
1932, inclusive. 

It supplements another list published in volume sixteen of 
Science Education. Research studies are compiled under the fol- 
lowing headings: (1) references containing bibliographies, digests, 
and abstracts; (2) references containing suggestions for problems 
and critiques of studies; (3) general references on educational re- 
search; (4) investigations: (a) history of science teaching; (0) 
present and past status of general aspects of conditions in the 
teaching of science; (c) sequence and articulation of courses in 
science; (d) general objectives of the teaching of science; (e) 
selection and organization of the content of courses in science; 
(f) prognosis and diagnosis of abilities in science; (g) psychology 
of learning in science; (h) methods of teaching science; (7) in- 
structional materials in science; (j) measurements of learning 
products in science; (k) education, demand, and supply of teach- 


PROFESSIONAL 


Academic requirements necessary to teaching science. C. M. 
Pruitt. Sci. Educ., 17, 48-56; 112-7 (Feb. and Apr., 1933).— 
The first part of the article lists the state certification require- 
ments necessary to teach science in each of the states. 


GENERAL 


The scientific work of the government. G. B. PeGcrRaM, A. H. 
Compton, B. Davis, D. StncLair, W. F. BRown. Science, 78, 
122-3 (Aug. 11, 1933).—An appeal to the presidettt on behalf of 


HISTORICAL 


study of the academic requirements necessary to teach science in 
71 cities in the United States. 


the scientific work of the government, recently much curtailed 
by cuts in appropriations, has been circulated in New York for 
signatures. 
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science, of his early work in meteorology (commenced in 1763), 
of his plans for improving the lighting of Paris at night (1764), 
of his work in mineralogy and geology (commenced in 1763), of 
his interest in improving the water supply of Paris (1769), and of 
his work on hydrometry (1768), on the analysis of water, and on 
the density of water at various temperatures. 
(The paper is to be continued.) 
x al Fa) 3 


Scientific textbook selection. M.E. Herriotr. Sci. Educ., 
17, 98-105 (Apr., 1933).—The author outlines a rather detailed 
scientific procedure for selecting science textbooks. A detailed re- 
port on the procedure as applied to selecting a biology textbook is 


given. The procedure has proved most satisfactory in the Los 
Angeles schools. C. M. P. 
Education and the future. R. M. Hurcuins. High Sch. 


Quart., 21, 119-25 (Apr., 1933).—The author maintains that in 
the future the length and variety of education supplied at public 
expense will be multiplied and extended. The present diminu- 
tion and agitation for curtailment is only temporary. As far as 
higher education is concerned, the question is not who should go 
to college, but what kind of college he should go to. Education 
needs to adjust the system to the individual through a thorough- 
going revision of its methods, its curriculum, and its organization. 
It is suggested that the work of the primary school can be 
accomplished in six years followed by a three- or four-year secon- 
dary school. After completing this course several alternatives 
might be offered. One would be a general education course whose 
purpose would be neither vocational nor professional training, 
but understanding. Other alternatives would be general college 
courses, technical courses, and business courses. The credit sys- 
tem should be abolished; time requirements should disappear; 
compulsory classroom attendance and course examinations 
should vanish never to return. C. M. P. 


ers in science; (/) supervision and administration of science in- 


struction; (m) the teaching of science in foreign schools. The 
list includes 235 titles. Cc. MP. 
Academic requirements necessary to teaching science. See 


this title below. 

Does science teach scientific thinking? E.R. Downinc. Sci. 
Educ., 17, 87-9 (Apr., 1933).—A test involving some of the ele- 
ments and safeguards of scientific thinking were given to 2500 
pupils from the eighth to the twelfth grades, inclusive. Results 
obtained from the test warrant the conclusion that there is no 
evidence in the data given that high-school pupils acquire skill in 
scientific thinking as a necessary by-product of the study of 
scientific subjects as at present taught. C..M.P. 

Lists and abstracts of masters’ theses and doctors’ disserta- 
tions in education. C. E. Derrinc., Teachers Coll. Record, 34, 
490-502 (Mar., 1933).—This is an arfnotated bibliography of the 
known available lists of theses and dissertations in the field of 
education. CUM. P. 


The second part of the article is a résumé of a questionnaire 


Cities were grouped according to 
population. C.M. P. 
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RECENT BOOKS 


THE DISCOVERY OF THE ELEMENTS. Collected reprints of a 
series of articles published in the JouRNAL OF CHEMICAL 
EpucaTion. Mary Elvira Weeks, Assistant Professor of 
Chemistry at The University of Kansas. Illustrations col- 
lected by F. B. Dains, Professor of Chemistry at The Univer- 
sity of Kansas. Mack Printing Company, Easton, Pa., 1933. 
iii + 363 pp. 15.2 X 23 cm. Paper-bound $1.50, cloth- 
bound $2.00. 


A copy of this book was allowed to circulate in the reviewer’s 
class in the history of chemistry. At the end of the hour a num- 
ber of students asked its price and inquired where it could be pur- 
chased. Several graduate students (specializing in organic chem- 
istry as it happened) saw the book, bought it, and have reported 
that they read it in the evening as they would reada novel. They 
have also been seen reading it while eating their lunch or during 
the gaps and periods of waiting which occur while research is in 
progress. That is the kind of book that it is. And these were 
students who had already passed their examinations. 

This book ought to be in the hands of every teacher of general 
chemistry and in every high-school library or other library which 
is designed to promote an interest in science. It is up to date, 
containing accounts of the discoveries of the newest elements 
and of the methods by which they have been made. It is pro- 
fusely illustrated with portraits, many of them new, of contem- 
porary chemists, with pictures of places and of apparatus, with 
facsimiles of title pages, letters, etc., and with ornamental repro- 
ductions of old cuts at the ends of the chapters. It is a pleasant 
book to handle. The excellent index makes it possible quickly 
to find the discussion of a particular subject. The Chronology, 
pp. 346-55, is more than a mere list of dates; it is a cross-section 
of the history of inorganic chemistry from January 25, 1627 
(birth of Robert Boyle), to October, 1931 (Papish and Wainer 
obtain spectroscopic evidence of element 87). The book will 
be of interest and of service to students of the history of culture. 
We are grateful to the publishers for bringing Miss Weeks’s essays 
together in a manner to increase their accessibility and useful- 
ness. 

TENNEY L. Davis 


Mass. Inst. oF TECHNOLOGY 
CAMBRIDGE, Mass. 


Tue Conpuctiviry oF So.tutions. Cecil W. Davies, D.Sc. 
(Wales), Senior Lecturer in Physical Chemistry, Battersea 
Polytechnic. Second edition, revised and enlarged. John 
Wiley & Sons, Inc., New York City, 1933. x-+ 281 pp. 32 
Figs. 14 X21.5cm. $4.00. 


The wide interest and prolific activity in the field of solutions is 
attested by the demand for a second edition of this book within 
a period of three years. To bring the book up to date without 
adding unduly to its length has required a rearrangement of much 
of the material in the first edition. 

The author devotes the first 37 pages to a concise review of the 
essentials of the conductivity theory of Arrhenius, the anomaly 
of strong electrolytes, the activity treatment, and an elementary 
but clear presentation of the Debye-Hiickel picture of inter-ionic 
attraction before tackling the main purpose of the book 
(Part II); namely, a description of the experimental methods 
and the results of conductivity measurements in aqueous and 
non-aqueous media in the light of recent developments. 

The practical questions which conductivity measurements can 
answer are treated in detail in Part III. They comprise: the 
strengths of acids and bases discussed from Brgnsted’s generalized 
point of view; solvolysis; complex ion formation; a modern 
treatment of amphoteric electrolytes; ionic mobilities; conduc- 
tivity titrations and numerous miscellaneous applications. 

The author makes no pretense of treating the detailed mathe- 
matical developments of the Debye-Hiickel theory, which can 


be read with profit only by the expert. The mathematical treat- 
ment is restricted throughout to the elementary limiting forms. 
Nevertheless developments such as Onsager’s revision of the con- 
ductivity equation and the Gronwall-La Mer solution of the 
higher term problem are considered and their important influence 
upon the interpretation of experimental results is clearly stated. 
The theoretical aspects of conductivity dispersion, viscosity 
corrections, and the Wien effect are also mentioned but the re- 
stricted mathematical viewpoint permits only a qualitative treat- 
ment. 

The first edition was marred by the acceptance of values (pp. 
89, 93) of the Debye-Hiickel universal constant, derived from 
certain experimental investigations which were approximately 
20% lower than the theoretical value. In the second edition, 
the author is more critical (pp. 107-8) of the conclusions drawn 
from these data and accepts the theoretical value. The discus- 
sion of the strong and weak points of the physical and chemical 
theories of the degree of dissociation of electrolytes (Chap. 18) is 
much improved and is well worth reading. 

The reviewer would question whether all the bi-bivalent sul- 
fates listed on page 110 are as incompletely dissociated as the 
author thinks. It appears that the Onsager equation has been 
employed for solutions too concentrated for exact calculation of 
the degree of dissociation. 

The book will not appeal to the expert searching for a detailed 
analysis of the most recent developments. On the other hand, it 
can be heartily recommended for the teacher and for the student 
who desires a useful, lucid, and fairly comprehensive survey, not 
only of conductivity, but of the general field of solutions. 

Victor K. LA MER 


CoLuMBIA UNIVERSITY 
New York City 


MISCELLANEOUS PUBLICATIONS 


INDUSTRIAL RESEARCH LABORATORIES OF THE UNITED STATES, 
INCLUDING CONSULTING RESEARCH LABORATORIES. Fifth edi- 
tion. Compiled by Clarence J. West and Callie Hull. Bulletin 
of the National Research Council, No. 91. Washington, D. C., 
1938. 223 pp. 16.5 X 24.7cm. $2.00. 


“As in previous editions of this bulletin, the material as pre- 
sented was furnished by the directors of the laboratories, and may 
be considered correct as of January 1, 1933. 

“The present edition contains information regarding 1575 in- 
dustrial and consulting laboratories as compared with 1625 in the 
fourth edition. Of the laboratories listed in the previous bulletin, 
about 110 reported that research work had been temporarily or 
permanently discontinued, 25 reported that they had been com- 
bined with other existing laboratories, while 90 failed to respond 
to three requests for a revision of the published information re- 
garding their research activities. About 170 laboratories have 
been included for the first time, although this does not mean that 
these laboratories have been established since the last bulletin 


was published.” 


Pfaliz & Bauer, Inc., 300 Pearl Street, New York City, announce 
that they are now ready to distribute new catalogs and litera- 
ture on scientific instruments manufactured by C. Reichert, 
Vienna, Austria. The instruments described are: micro- 
scopes (research, biological, dissecting, petrographical, metal- 
lurgical, fluorescence); apparatus (microphotographic, pro- 
jection, drawing, blood-testing); objectives (achromatic, 
fluoride, apochromatic); eye pieces (Huyghenian, compen- 
sating, planatic); binocular stero-attachments; dark-field and 
other condensers; saccharimeters; hemoglobinometers; spec- 

mechanical stages and other micro- 


troscopes; polarizers; 
scopic accessories. The literature will be gladly furnished on 
request. 
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HERMAN BOERHAAVE (1668-1738) 
Painting by Aert de Gelder (1645-1727) in the Mauritshuis at the Hague. (See p. 732.) 


Contributed by Tenney L. Davis 








EDITOR’S OUTLOOK 


INTS TO PROSPECTIVE MOTHERS. Ge- 

nius is traditionally a law unto itself. It is 

hampered. by no commonly accepted conven- 
tions; it is never overawed by the opinions of consti- 
tuted authorities. 

It is often erroneously assumed on this account that 
disrespect for authority and disregard for rules are, 
per se, marks of genius. Indeed, one occasionally en- 
counters the perverted notion that, since rules are ap- 
parently made to be broken, they are not worth know- 
ing. It is too often overlooked that it is one thing to 
ignore rules intelligently and quite another to be ig- 
norant of them. 

One wisecracker has pointed this moral by saying 
that a gentleman differs from a boor in that he is never 
unintentionally rude. Our grammar teachers used to 
try to make us see it by warning us that only he who 
knows the rules thoroughly can afford to risk breaking 
them. Chess students soon learn that the unortho- 
doxies of a Niemzowitch or a Reti are matters quite 
different from the gaucheries of a novice. 

It may be true in the fields of the arts, though we 
doubt it, that untutored genius sometimes makes its 
mark by reason of its freshness of outlook and freedom 
from pedantry. It certainly is not true in science. 
Offhand we can recall no instance of a fruitful theory 
introduced by a person who found it less trouble to 
make up his own than to master those already current. 
Yet every editor is well acquainted with the scientific 
crank who is prevented from leading the world out of 
darkness only by a conspiracy of suppression among 
those in authority. 

The crank, however, is but an extreme caricature of a 
type of writer who must be taken seriously and who 
occasions editors more grief than amusement. This 
type of writer submits a paper that is far from obviously 
absurd—it merits and receives careful study, but 
ninety-nine times out of a hundred it is refused. Why? 

We can best answer that question by considering 
the hundredth paper, which is accepted. It presents a 
new theory or hypothesis, and it very properly recog- 
nizes the fact that, generally speaking, there is a vast 
overproduction of hypotheses. It therefore begins with 
consideration of the question: Is a new one necessary? 
In that consideration it displays a thorough knowledge 
of existent relevant hypotheses and a clear appreciation 
of their merits and shortcomings. It then states the 
hypothesis proposed and indicates wherein previous 
hypothetical defects have been avoided. The question 
of plausibility or general compatibility is then dis- 
cussed. Is the proposed hypothesis inconsistent with 
any established (i. e., generally accepted) scientific 
principles? If so, is the inconsistency significant? 

It is at this point that many promising hypotheses 
begin to break down. Nobody feels it worth while to 


discard a half-dozen principles, theories, or hypotheses 
with which he is entirely satisfied in order to embrace a 
new one that does not of itself replace them. The net 
loss is too great. 

Assuming, however, that this hazard has been safely 
passed, it remains to consider the experimentally ex- 
aminable implications of the hypothesis. If there are 
no implications which can be tested experimentally the 
whole thing is essentially meaningless. If significant 
implications exist, evidence of their validity should be 
advanced. 

No paper of reasonable length which satisfies all the 
requirements outlined will be refused by a competent 
editor of a journal to which its subject matter is appro- 
priate. The greater its originality, the more desirable 
it will be—although, at the same time, the more strictly 
will it be scrutinized. 

An editor’s lot is not altogether a happy one. Ap- 
pearances to the contrary notwithstanding, most editors 
are as tender-hearted as the Lord High Executioner. 
They do not reject papers upon which they know au- 
thors must have expended time, labor, and thought with- 
out regret. Unfortunately they cannot as a rule enter 
into detailed expositions of their reasons for rejection. 
They have to spend some of their time in editing. 

Furthermore, many of them are modest men with a 
keen sense of their own fallibility. They are always 
uncomfortably conscious of the fact that, even with the 
aid of the best advice they can command, they may go 
wrong. Nevertheless, like umpires, they occupy posi- 
tions in which decisions must be made, and if they are 
blessed with little natural egotism they must cultivate a 
certain courage of conviction. 

However, it was not our original intention to present 
an apology for editors. We merely offer the eugenic 
suggestion that judicious birth-control and scrupulous 
prenatal care, as applied to hypotheses, would prevent 
many still-births and conduce to healthier progeny and 
happier parentage. 





The lure and mystery of the gem 
stones have been interwoven into 
the mythology, legend, and history 
of the human race from time im- 
memorial. No jewel has been 
prized by man longer than the gar- 
net. Today, tt is less mysterious 





than formerly and some of its sup- 
posed virtues are heavily dis- 
counted, but if it fatls to ward off 
plague and thunder, tt does render 
some less spectacular services with 
eminent efficiency. The cover cut 
Photo by 





depicts a quarry scene. 
courtesy of The Carborundum Co. 
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GARNETS 


JOSEPH W. HOWARD 


State University, Missoula, Montana 


Garnets are among the oldest known gem stones. They 
have the general formula M";M''',(SiO,)s, the most 
common metals being Ca, Mg, Al, Fe, Mn,and Cr. They 
occur in a wide variety of colors. In addition to use for 
gems they are used chiefly as watch jewels and abrasives. 


++ eee + 


‘ 


" HERE is no lore older than the lore of jewels—no 
trade older than the jeweler’s’ (1), and among 
the jewels of which man has had knowledge since 

earliest times is the garnet. It has been found among 

the ornaments and necklaces adorning the oldest 

Egyptian mummies. It was used as one of the inlay 

stones in the mosaic work of Anglo-Saxon jewelry. 

Under the name of carbuncle, garnet is mentioned 
in the literature of all ages. At one time this name 
was applied to nearly all red gem stones, but is now 
limited to garnets cut in the cabrochon shape (2). 
According to the Talmud it was the only light which 
Noah had in the ark. There are many Oriental tales 
of the size and brilliancy of carbuncles owned by 
potentates of the east. Occasionally they were en- 
graved and some exceptional garnet intaglios are still 
known. 

Marie Antoinette, while passing through Freiburg, 
on her way to marry the Dauphin was presented with a 
thousand garnets. 

The virtues ascribed to the garnet in earlier times are 
similar to those of the ruby. Emblematic of con- 
stancy, it was supposed to preserve health and reconcile 
differences between friends. Suspended from the 
neck it was believed to ward off plague and thunder 
and to increase riches and honor. 


NOMENCLATURE AND CLASSIFICATION 


Garnet derives its name from the Latin word granatus. 
This is in allusion to the resemblance of its crystals 
in color and size to the seeds of the pomegranate. 

The general formula usually assigned to a garnet is 
M"3M’"’2(SiO«)3, in which M” is a divalent and M’’’ 
a trivalent metal. A given garnet crystal seldom 
corresponds to this formula, because it is generally an 
isomorphous mixture of several such silicates or is a 
single silicate mixed with metallic oxides (3). 

Classification is based on the predominating silicate 
present and leads to the following six classes: 


Name Formula 
Comore 307 5.0. eee CasAle(SiOx)s 
Pyr EOE RCM Ee toa er eee Mg:Ale(SiO,)s 
PUTIN So 6G. sig hee esee ciee FesAl.(GiO,)s 
PIARIOMET ORS 55a... 5.0310 tonea ne woe Mn;Al.(SiO,)s 
MRR 2 os sk ok ected Ca;Fe. (SiOx); 
VERNER Sia op wre thei one's ess ols Ca;(Cr, Al)2(SiO,)s 





713 





American Museum of Natural History, N. Y. 


A Gem CRYSTAL OF SPESSARTITE IN MATRIX 


There are many sub-classes based on mixtures (4) anda 
few rare cases in which the metals vanadium, titanium, 
yttrium, and cesium enter into the compositions (5). 

Sources, varying from gooseberries to Russian counts, 
have been used in selecting the names of these classes. 

Grossularite, because of its pale green color, gets 
its name from the Latin word, grossulari, for goose- 
berry. 

Pliny named a stone which he found at Alabanda, 
a town in Asia Minor, alabandicus. This was finally 
changed by Karsten to almandite. 

Pyrope was named for the Greek word meaning 
fiery-eyed, in allusion to its deep red color. 

Spessartite derives its name from Spessart, Bavaria. 

Andradite was selected in honor of d’Andrada, the 
Portugese mineralogist who made a special study of 
garnets. 

Uvarovite is named after a Russian minister, Count 
Uvarov. 

It has also become a common custom to use names 
suggestive of more valuable gems as American, Ari- 
zona, Colorado, Cape, and ‘Rocky Mountain ruby; 
Uralian emerald; or South African jade. 

The so-called precious garnet is either pyrope or al- 
mandite. 


PROPERTIES 


The colors of garnets are as varied as the composi- 
tions. Red, brown, yellow, green, black, or colorless 
ones are the most common. In fact, blue seems to be 
the only color not observed. Colors not traceable to 
the composition of the garnet itself are most often due 
to the oxide of iron, manganese, or chromium, or toa 
mixture of these oxides. Pyrope, for example, owes 
its fiery red to such a mixture. While grossularite is 
usually green, nature has often varied the proportions 
of these oxides to make it amber, yellow, brown, or 
rose-red. 
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Almandite is a deep red, often with a violet tinge. 
A mixture of pyrope and almandite gives a delicate 
rhododendron red called rhodolite (6). Spessartite is 
yellow, brown, or red. Andradite and uvarovite are 
most often rich greens but may shade into browns and 
yellows. Melanite is a dull black andradite. Due to 
its high dispersion (0.057) andradite is often further 
characterized by great brilliancy and fire. 

While compositions and colors vary so greatly the 
other properties of garnets are more closely associated. 
They crystallize with cubic symmetry, usually as do- 
decahedrons, the faces of which have the shape of 
rhombs, or in the 24-sided form called a trapezohedron, 
or a combination of these two with 36 faces. The 
hexoctahedron is also found but the octahedron is rare. 
The structure of the crystals may also be regarded as 
being made up of a series of similar pyramids whose 
vertices meet at the center. In fact, many garnets can 
be easily separated into parts corresponding with these 
pyramids (7). The crystals often attain considerable 
size, weighing as much as fifteen pounds. 

The hardness of the different varieties varies from 6.5 
to 7.5 on Mohs’ scale (4). On this same scale diamond 
has a hardness of 10, sapphire of 9, and quartz of 7. 

Specific gravities run from 3.4 to 4.3 and the indices 
of refraction from 1.705 to 1.895. For most varieties 
the dispersion is 0.024 to 0.028. 


OCCURRENCE 


Garnet occurs as an accessory constituent of meta- 
morphic and igneous rocks. The most characteristic 
location is in mica and hornblende schists and in 
gneisses. A garnet often encloses another mineral, 
a grain of quartz or calcite being found at the center. 
It is of special interest in this connection that pyrope 
enclosing diamond crystals is found in the Kimberly 
diamond mines. 

Granular rocks composed entirely of garnet are 
known as well as garnet layers between other minerals. 
The lighter quartz is often blown or washed away leav- 
ing garnet deposits on beaches. It is not uncommon 
to find them about ant hills, having been removed by 
the ants. 

The geographical occurrence is almost world-wide. 
They have been reported from Bohemia (8), South 
Africa (9), Brazil, Ceylon, India, Japan, Australia, 
Tyrol, Uruguay, Finland, Mexico, Norway, Tasmania, 
Hungary, Russia, Saxony, Italy, Canada, Switzerland, 
Bavaria, Alaska, and the United States. 

At one time the district near Mittlegeburge in Bo- 
hemia was the garnet center of the world, ten thousand 
men being employed in various capacities. The 
material left after picking out the pyropes suitable for 
gem cutting is used for graveling garden walks (3). 

The deposits in the United States are found in Ari- 
zona (10), Utah, Colorado (11), California, Idaho, 
New York (12), Massachusetts, New Hampshire (13), 
North Carolina (14), Georgia (15), Pennsylvania, and 
Montana. Many of these are worked either for gem 


stones or abrasives. 
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MINING AND MILLING 


Mining methods differ with the nature of the deposit. 
Many garnets are obtained by picking them out of 
weathered and disintegrated rocks or from stream beds. 
If it is necessary to blast loose the surrounding rock, 
black powder is preferred to dynamite, because of its 
less shattering action. In Alaska almandite is freed 
from the mica schists by placing quicklime in the bore 
holes. Some of the operators hand-pick the shattered 
rock, others run it through a mill (16). 

Two methods of milling are used. In the wet mill 
the rock is further crushed, screened, and concentrated 
on jigs resulting in “concentrate,’”’ “‘middlings,” and 
“tailings.” The middlings are again crushed and run 
through the mill. 

The dry mill differs from this in that the crushed 
material is run through a direct heat dryer and screened. 
The oversize from the screens goes back to the crusher 
while the undersize is separated on dry tables into 
concentrate, middlings, and tailings. The air blast 
on these tables is so adjusted as to yield concentrate 
particles of the desired size. 


SYNTHETIC GARNETS 


Synthetic garnets have been prepared by such meth- 
ods as fusing pipestone clay with manganese chloride 
(17) or heating a mixture of aluminum oxide, silicon 
dioxide, and manganese chloride (18). Morozewicz 
(19) prepared a garnet of the formula NasAl,(SiO,)3 by 
fusing silicic acid, aluminum hydroxide, sodium and 
calcium carbonates. He gave it the name lagoriolite 
after A. Lagorio. 

None of these methods have attained any commercial 
use because of the wide occurrence and reasonable price 
of natural garnets. 


IDENTIFICATION 


Physical properties, especially crystalline structure, 
hardness, and color, are the means most often employed 
to identify a garnet. If it is desired to carry the 
analysis further and state to which class of garnets it 
belongs, a chemical analysis may be necessary. 

Those containing iron fuse readily to magnetic 
globules. Andradite is difficultly soluble in hydro- 
chloric acid and gelatinizes poorly on evaporation. 
The other garnets are practically insoluble in hydro- 
chloric acid, but will dissolve after fusion, giving a 
solution which gelatinizes on evaporation. Uvarovite 
is almost infusible. 

The different red garnets are often confused with 
each other and with the ruby. The Ruby River in 
Montana was so named by the early settlers because 
they believed the red garnets found along its banks to be 
rubies (20). 

Pyrope may be distinguished from red almandite 
both by its lower refraction and lower specific gravity. 

Garnet can be distinguished from ruby in several 
ways. It has a lower hardness and a single refraction 
of light. When placed in a dichrodscope ruby shows 
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two shades of red, while garnet shows 
only one. In artificial light the red of 
the garnet borrows a yellow tinge, the 
red of the ruby becomes more intense. 

Cinnamon stone, a cinnamon-colored 
variety of grossularite, is often mis- 
taken for hyacinth (zircon). It has a 
lower specific gravity. 





USES 


The oldest use is that of a gem stone. 
Size, transparency, and color are the 
chief qualifications for this purpose. 
Garnet is the‘ birthstone for January 
and some people still believe that its 
use imparts magical properties to those 
born in that month. 

It is estimated that 250,000 garnets 
are used monthly to make watch jewels 
and bearings for scientific instruments 
(16). Sapphire and ruby are considered 
better than garnet for this purpose be- 
cause of their greater hardness. 

U. S. Patent 1,192,394 (July 25, 
1916) describes a process for making 
ferrosilicon and a highly aluminous abrasive from al- 
mandite. 

Small amounts are being used as a facing on tile and 
concrete where it gives an ornamental and wear-resist- 
ant surface. 

The largest commercial use of garnet is that of an 
abrasive. It has peculiar properties especially fitting 
it for this purpose. On crushing it forms cubes with 
many sharp chisel-like cutting edges. In use these 
edges break to further sharp edges rather than to a 
smooth surface, thus prolonging its usefulness. Placed 
on a paper backing these cubes have enough flat sur- 
faces to permit attachment and still expose their 
cutting edges on the same plane. The material is at- 
tached to a backing by passing cloth or paper through a 
trough of glue, and then beneath a shower of sized 
garnet. Any excess garnet is shaken off and the surface 
is treated with a coat of glue. The best abrasives are 
made under laboratory control where the size of the 
grains, viscosity of the glue, and the quality of the 





Barton Mines Corp., North River, N. Y. 


A GARNET QUARRY 


raw and finished products are constantly examined 

Garnet abrasives work especially well on soft and 
resinous woods and will cut from two to six times as 
much hardwood as sandpaper of the same grade. 
They leave a smooth surface, very satisfactory for 
varnishing or shellacking. 

While not hard enough for use on some metals, garnet 
will abrade copper, brass, or bronze. It cuts leather 
evenly and rapidly and puts a good finish on rubber, 
bakelite, celluloid, or the softer ornamental stones. 
A 200- to 325-mesh powder is being used in increasing 
amounts for polishing plate glass. 

Chemical analysis is of little or no use in determining 
the value of an abrasive. The most satisfactory test is 
to compare it with a standard on the same piece of mate- 
rial under identical conditions. 

In the words of Farrington (2) “‘Garnet perhaps con- 
tributes more largely to the ,comfort and happiness 
of the world than when it was the property only of 
kings.”’ 
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MEMORIAL TABLET TO JOSEPH BLACK 





This tablet stands in the Greyfriars Churchyard, 
Edinburgh; the burial place belonged to the Fergu- 
son family to whom Black, who never married, was 
related. His mother was a cousin of Dr. Adam Fergu- 
son, Black’s intimate friend and obituarist (Zrans. 
Royal Soc. Edinburgh, vol. V, part 3, p. 106). In 
October, 1893, the town council of Edinburgh, after 
considering a report on certain of the old tombstones 
in the historic cemetery, resolved “to put in a slab 
of Craigleath stone, letter and restore the monument 
of Dr. Joseph Black.” The original inscription was 
reproduced on the new stone and a short statement 
was added recording the change, and the date, 1894, 
at which the work was completed. 

The inscription reads: 





Josephus Black, M.D. 
in sinibus Galliae 
sed e parentibus 
quorum alter Hiberniam 
altera vere Scotiam patriam habuit 
civis Britanniarum natus. 

Academiae primo Glasguensis 

Edinburgensis deinde alumnus 
chymiam in utraque summa cum laude 

profitebatur: felix naturae interpres; 

in scrutando perspicax; cautus solers; 

in narrando disertus; aeris fixt 

et caloris latentis primus monstrator; 
obtit anno aetatis 71 A.D.1799. Amici 
qui eximiam ejus virtutem et ingenium 
colere solebant 
locum hunce corporis receptaculum 
dum momentum hocce supersit 
sic designatum 
voluere 
Hunce lapidem in locum marmoris veteris 
ponendum curavit Municipium Edinburgense 


A.D. 1894 


A very free rendition of this inscription would read 
about as follows: 

Joseph Black, M.D., though born in France, was a British 
citizen, as his father was Irish and his mother Scotch. An alum- 
nus first of the University of Glasgow and then of Edinburgh, 
he taught chemistry in both of these institutions with the greatest 
distinction. An apt interpreter of nature, an alert observer, he 
had a well endowed intellect and was an eloquent lecturer. He 
was the real discoverer of fixed air and the first to prove the ex- 
istence and significance of latent heat. He died in 1799, aged 71. 
Friends wishing to commemorate these abilities and talents have 
resolved that this place shall be fittingly marked as long as his 
remains rest here. 

The City of Edinburgh has caused this slab to be erected in 
place of the original marble tombstone. 


The photograph is by courtesy of Dr. Sigmund 
Waldbott, Cincinnati; the information relative to the 
legislation by the Edinburgh Town Council was se- 
cured for me by Professor Andrew N. Meldrum, 
Edinburgh. Contributed by Ralph E. Oesper, 


University of Cincinnati 














DEVELOPMENTS in CHEMICAL 


ENGINEERING EDUCATION 


D. B. KEYES 


University of Illinois, Urbana, Illinois 


The modern curriculum in chemical engineering 
stresses the three fundamental sciences; chemistry, 
physics, and mathematics. Chemical engineering sub- 
jects are largely confined to a quantitative treatment of 
unit operations and unit processes. Attempts are being 
made to teach methods of research and to improve the 
pedagogy of individual courses. The primary desire 
on the part of the instructor is to create in the student the 
ability to think for himself and make good use of his 
fundamental knowledge. It should be remembered that 
a four-year course in chemical engineering 1s merely a 
beginning. The successful student continues his studies 
as long as he is in the profession. 


+++ + + + 


States is in an exceedingly interesting period of 

development. The first book! on the principles 
of chemical engineering was published in this country 
less than a dozen years ago. Since that time only two 
others have appeared. While it is true that many 
colleges and universities in the United States have 
offered a course of study in the general subject, never- 
theless the elements or principles of chemical engi- 
neering, as now defined by the Educational Committee 
of the American Institute of Chemical Engineers, have 
only recently been taught. 

Modern development of this particular brand of 
engineering education is due mainly to the above- 
mentioned committee. Special mention should be 
made of Dr. A. D. Little, Colonel William H. Walker, 
and Professor W. K. Lewis, who were largely instru- 
mental in proposing the foundation for this work. 
Prof. H. McCormack, of the Armour Institute of Tech- 
nology, was a pioneer in chemical engineering educa- 
tion in the Middle West. 

The first published definition of chemical engineering 
was given in the report of the Chemical Engineering 
Education Committee of the A.I.Ch.E. in 1922, and 
read as follows: 


eer engineering education in the United 


Chemical engineering, as distinguished from the aggregate 
number of subjects comprised in courses of that name, is not a 
composite of chemistry and mechanical and civil engineering, 
but is itself a branch of engineering, the basis of which is those 


* Presented as a contribution to the symposium on “High 
Lights of Modern Industrial Chemistry,” Division of Industrial 
and Engineering Chemistry of the A. C. S. at the Chicago meet- 
ing, September 12, 1933. 

1 WALKER, LEWIS, AND McApams, “Principles of chemical 
engineering,’?’ McGraw-Hill Book Co., New York City, 1922. 
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unit operations which in their proper sequence and coérdination 
constitute a chemical process as conducted on the industrial scale. 


Since that time these ‘“‘unit operations’ have come 
to mean the physical processes common to the chemical 
industry; for example—distillation, evaporation, crush- 
ing, grinding, filtration, absorption, etc. It is inter- 
esting to note that these are distinctly physical rather 
than chemical processes. 

The average student in chemical engineering, as well 
as the chemical engineer working in the industry, of 
course, cannot confine his attention solely to these ‘‘unit 
operations.’’ He must also include a working knowl- 
edge of the chemical unit processes, such as oxidation, 
reduction, hydrolysis, hydration, and such organic 
chemical unit processes as nitration, sulfonation, esteri- 
fication, etc. There has therefore been a tendency in 
recent years to develop courses along this particular 
line. It has been hampered by the fact that very little 
has been published covering the details of design, 
construction, and operation of equipment involving 
these processes. 

Of course it can be argued that these so-called unit 
processes may be split into the physical unit operations 
with modifications made necessary by chemical reac- 
tions. It should be remembered, however, that all of 
the physical unit operations can in turn be split into 
two subjects: (1) material flow, and (2) heat flow. 
It is more satisfactory from a pedagogical standpoint 
not to reduce these processes and operations to their 
ultimate subdivisions, principally because the lack of 
data handicaps the presentation of the subject in such 
a manner. 


CHEMICAL ENGINEERING CURRICULUM 


When the chemical engineering profession obtained 
a clear conception of what the subject really was, the 
program of development of the chemical engineering 
curriculum was outlined. The outstanding change in 
recent years has been to increase the study of the basic 
sciences—chemistry, physics, and mathematics; de- 
crease the amount of engineering subjects; and elimi- 
nate entirely from the curriculum all specialized sub- 
jects. 

Perhaps the real reason for this particular develop- 
ment has been the demand on the part of the employer 
in industry for students better equipped in the funda- 
mental sciences. The modern chemical engineer, it 
should be appreciated, is required to handle problems 
in many fields. It is impossible to train the specialist 
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with any degree of satisfaction, certainly in a four-year 
course in college. It has seemed wise, therefore, not 
only from the standpoint of industry, but from the 


standpoint of college and university administration 


to cover the fundamental sciences as thoroughly as 
possible and not to attempt to give any more than the 
general principles of application. A brief outline of the 
common subjects taught in our chemical engineering 
curricula today will illustrate this point. 

Physical chemistry has become the most essential 
course in chemistry to the young chemical engineer 
because it is in this course that he obtains the underlying 
principles of the science. We may go even further 
and include in our principles of chemistry, organic chem- 
istry. This subject has especial significance because of 
the predominant position of organic industries in the 
United States. Metallurgy and metallography, on the 
other hand, although they employ the principles of 
chemistry, nevertheless have declined in importance 
in comparison to organic chemistry. 

Quantitative analysis, which used to be largely em- 
pirical, has now become a study of some of certain 
simple principles of physical chemistry. Years ago 
most of the opportunities for young chemical engineers 
were in the analytical laboratories in industry. This 
is no longer true, with the result that empirical and 
technical methods of analysis no longer are required in 
the curriculum. 

Freshman chemistry, with qualitative analysis, has 
been changed to meet the modern requirements and has 
become a course in the more simple principles of chem- 
istry. Qualitative analysis has disappeared from the 
elementary curriculum and reappeared as a highly 
specialized graduate subject. 

The modern physical chemist has become a physicist, 
and has left the classical field of physical chemistry. 
He is now chiefly interested in sub-atomic phenomena. 
On the other hand, the physics required for the cur- 
riculum of chemical engineering has not changed very 
much in the last few years, except that there is a dis- 
tinct tendency to increase the amount of instruction. 

The so-called electrical engineering taught our 
chemical engineering students is really electrical phys- 
ics, and should be so considered. This is also true of 
mechanics, which always has been a part of physics. 
One might go still farther and say that the engineering 
thermodynamics taught by our mechanical engineering 
departments to chemical! engineering students is still 
another type of physics. 

Mathematics through calculus is now required in 
nearly all chemical engineering curricula. A few 
schools have attempted to add differential equations. 
Success or failure in this field largely depends, however, 
on the attitude of the instructor, and not on the sub- 
jects taught. It has been clearly demonstrated that 


the instructor of mathematics for students in this cur- 
riculum should be at least interested in engineering 
problems. 

Other sciences have appeared from time to time in 
the chemical engineering curriculum. One prominent 
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chemical engineer has said that no such curriculum is 
satisfactory unless it includes the elements of bacteri- 
ology. Others have favored geology. Practically all 
authorities have been inclined to recommend the ele- 
ments of economics. 

The actual number of supplementary engineering sub- 
jects included in the curriculum of the prospective chem- 
ical engineer at the present time is relatively small. 
Usually a laboratory course in the testing of mechanical 
engineering equipment is required. 

Of course mechanical drawing is still favored by 
nearly every school. This is thought by some to be un- 
fortunate because there are very few practicing chemi- 
cal engineers who spend much time over a drawing 
board. On the other hand, practically every chemical 
engineer is required to make at least one rough sketch 
per day to illustrate his ideas. The sketch may be 
made on a piece of waste paper, on the side of a wall, 
or even in the gravel of a roadway. It would seem to 
be highly necessary, therefore, that our chemical engi- 
neering students be taught how to make simple free- 
hand sketches. Unfortunately, this fact is not ap- 
preciated and students are permitted to go into indus- 
try wholly unprepared in this respect. 

Some engineering courses have developed into re- 
port-writing studies. In spite of the fact that the stu- 
dent objects to this attitude on the part of engineering 
instructors, it is felt by many that teaching a student 
how to make a readable and worth-while report is far 
more important to him than forcing him to memorize 
engineering facts. 


CHEMICAL ENGINEERING SUBJECTS 


Besides the subjects of unit operations and unit proc- 
esses in chemical engineering, we have always had a 
subject known as industrial chemistry or chemical 
technology. Many bitter arguments have taken place 
over what this particular course should contain. It 
usually involves a study of the modern industrial chemi- 
cal processes in which the student memorizes a vast 
number of facts and does not solve any quantitative 
problems. One prominent educator has maintained 
that this is an economic waste, because the student 
can obtain, for ten dollars, a book on the subject which 
gives him all the information he desires and can be 
looked at when needed. He not only saves his money 
by this method, but he saves an enormous amount of 
time and energy. It has also been said by men in 
industry that most of the processes taught the students 
are out of date even before they are published in book 
form and their only value to the student is that some- 
times they teach fundamental principles, but it is 
thought these facts can be more easily obtained in 
other ways. 

In recent years there has been a sincere attempt to 
make the subject quantitative. Industrial stoichi- 
ometry has appeared along with industrial chemical cal- 
culations. These subjects, however, are quite far re- 
moved from the old-time chemical technology. They 
represent largely applied thermodynamic problems in 
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industry, problems not given by the instructor teaching 
the fundamental subject, thermodynamics. The result 
has been quite satisfactory and the courses have been 
popular, but this does not solve the question of what 
should be done with the strictly industrial chemical 
course. 

It is quite evident that the modern graduate leaving 
the university should know the modern chemical proc- 
esses, at least in a general way. Three methods are 
now employed in bringing about this result. One is 
to give these processes in connection with other courses; 
for example, with the course in organic chemistry or 
with the course in inorganic chemistry. Another 
scheme is to give a seminar course based on recent jour- 
nal articles and treat only the most modern processes 
and the most interesting processes. Still another 
method is being tried, and that is to give a review of 
the more important processes used in the chemical in- 
dustry early in the curriculum and make the course of 
such a character that it will be of interest not only to 
chemical engineers, but to chemists and those who 
never expect to go into the chemical industry. It re- 
mains to be seen which of the three methods will prove 
most satisfactory. 

Perhaps one of the most important supplementary 
courses in the chemical engineering curriculum is 
chemical engineering economics. Many leaders in the 
field of engineering have admitted that their personal 
successes have been due to their knowledge of the eco- 
nomic factors underlying the technical development of 
their companies. On the other hand, most of the fail- 
ures have not been due to a lack of brain capacity or a 
lack of technical knowledge, but rather to a lack of un- 
derstanding of the essential economic facts involved in 
their particular work. It is easily understood by 
every one why our chemical engineering curricula should 
stress the significance of economics applied to industry. 
Unfortunately, there is a dearth of published informa- 
tion on this particular subject, and it is this lack of 
information that has prevented the universal develop- 
ment of satisfactory courses in chemical engineering 
economics. 

Allied to this subject of economics should be con- 
sidered the subject of chemical patents. After all, the 
most tangible evidence of a man’s success in research 
and development work in the industry is the number 
and quality of patents bearing his name. It is to be 
deplored that our engineering schools are sending men 
into the industrial research organization with no knowl- 
edge whatsoever of patent procedure. Oftentimes 
these same graduates finally occupy high executive 
positions in industrial concerns where they are forced 
to pass on patent questions without adequate advice 
from those who know. The result of such a procedure 
invariably means the loss of large sums of money for 
the particular company. 

The subject of patents may be considered to be an 
essential part of chemical engineering economics in 
that no industrial chemical process can be adequately 
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appraised from an economic standpoint without a 
satisfactory knowledge of the patent situation involved. 
The accurate appraisal of chemical processes and chemi- 
cal equipment is absolutely vital in the successful 
development of industry. 

If we look into this matter more deeply, we find that 
chemical engineering economics not only includes fun- 
damental economics and patent procedure, but is an in- 
tegral part of chemical plant and equipment design. 
All courses now given on chemical plant design strongly 
accent chemical engineering economics. It is probably 
because of the economic features that these courses 
have been unusually popular with students. The in- 
structor, however, is heavily handicapped by a lack of 
published information. 

It can be stated without fear of contradiction that all 
engineering is tied up with economics and cannot be 
separated. The two must go hand in hand, and the 
subjects must be taught together. 


RESEARCH 


There is a common belief, even among research men, 
that methods of research can never be standardized. 
They feel that the successful researcher is born, not 
made, and his ability depends upon an attitude of 
mind, on an acute imagination, and upon the love for 
investigation. Undoubtedly, these factors are impor- 
tant, but it has been definitely shown that it is possible 
to standardize methods of research. It has also been 
shown that it is quite possible to teach these methods of 
research and improve the ability of the student to do 
this kind of work. If one will scrutinize the actual 
procedure that took place when a chemical invention 
was made, follow it through in all of its details, and do 
this for several cases, he will be astonished at the simi- 
larity of method exhibited. 

All of our chemical engineering departments permit 
the students to do at least a small amount of so-called 
research. The general method is to tell the student 
each day just what he is to do and how he is to do it, 
or to give him a problem and leave him strictly alone. 
Neither of these methods of procedure is satisfactory 
from the student’s standpoint. He wastes an enor- 
mous amount of time, either doing manual labor for 
some one else or floundering around trying to find some 
way to solve the particular problem. How much more 
beneficial it would be if the student were first shown the 
general methods of procedure, together with plenty of 
actual examples given in great detail, of successful 
research investigations. He then could be allowed to 
take a laboratory course, could be given a problem 
and permitted to follow one of these standard methods, 
using any ingenuity or any special knowledge that he 
was able to obtain. He would no longer feel that he 
was merely a pair of hands to help develop the reputa- 
tion of an instructor or that he was an unfortunate 
being, blunderingly attempting to solve a difficult prob- 
lem with no conception of how it should be done. 
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PEDAGOGY 


There has been a marked tendency in recent years 
to teach all courses in chemical engineering subjects 
from a quantitative standpoint. This is an excellent 
idea. However, in order to do this, data have been 
extrapolated far beyond the point where they have 
any practical significance. Equations and formulas 
have been developed which are merely empirical, and 
sometimes these empirical equations are only accurate 
over a short range of conditions. 

There has been a sincere attempt to develop theoreti- 
cal equations which, though of no practical impor- 
tance, are fundamentally correct from an academic 
standpoint. This is, no doubt, justified, but it is 
believed that this desire to obtain quantitative data 
for use in courses has been carried to such an extent that 
the value of semi-quantitative facts which are of real 
practical significance has been lost sight of. The stu- 
dent, after graduation, finds when working in the indus- 
try that he is able to apply but a very small proportion 
of the formulas that he learned in school. It takes him 
some time to realize that the chemical engineering 
he learned as a student is only a basis for his later work. 
He oftentimes looks in vain in his notes for practical 
suggestions that will help him, and it is due to this fact 
that our students often complain about the instruction 
they received at the university. 

A concrete example of such a case will perhaps be 
helpful in understanding this important point. It has 
long been recognized that the heat transfer coefficient 
through a boiling liquid film cannot be accurately esti- 
mated. In other words, there are not available suf- 
ficient data to develop even an empirical formula which 
can be used to calculate this coefficient under various 
conditions found in practice. It is true, of course, that 
for certain specific liquids and solutions we do have 
rough approximations. Most of the work done makes 
use of polished metal surfaces never found in practice. 

The young man working in industry fresh from the 
university has not only very little knowledge to help 
him in such a calculation, but also fails to appreciate 
the very important factor that the character of the 
metal surface (its roughness) materially affects the heat 
transfer from the metal to the boiling liquid. In this 
connection, he does not know that it is necessary to 
have a high temperature potential between the metal 
and the liquid in order to operate a commercial boiler 
at a reasonable capacity, and that this temperature dif- 
ference depends upon the character of the surface. 
He is, therefore, unable to see the possibility of appre- 
ciably increasing the efficiency and capacity of his unit 
by producing an inert but rough heating surface. He 
may discover this by accident. If he does, it becomes 


the basis of a new chemical engineering operation, 
whereas it should be merely an example of good chemi- 
cal engineering technic. 

Let us suppose, on the other hand, that the student 
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chemical engineer had been taught to appreciate the 
significance of the physical characteristics of the heating 
surface in this particular type of operation. He would 
be ina position to suggest immediately that an attempt 
should be made to roughen the metal surface, and there- 
by cut down the temperature potential and increase 
the capacity of the unit. He also would be able to 
point out that the roughened surface must be inactive 
as far as the boiling liquid is concerned. Otherwise, 
this physical state would not bé permanent. The psy- 
chological result, as far as the young engineer is con- 
cerned, would be that his colleagues would consider 
him a man capable of individual thought along construc- 
tive and practical lines. In certain groups he might 
even be thought of as a genius. In brief, his own pro- 
fessional reputation would be increased and both he and 
the concern for which he is working would profit there- 
by. 
Another interesting question in pedagogy which has 
been argued for several years is how chemical engineer- 
ing laboratory work should be conducted. The com- 
mon method at the present time is to utilize semi-scale 
equipment for simple preparations and at the same time 
run heat and material balances on individual pieces of 
equipment. Another method used by the Massa- 
chusetts Institute of Technology, which has proved 
very successful, is to require the student to run these 
tests on full-size equipment in actual commercial 
operation. This is known as the _ practice-school 
method. The writer much prefers the latter method 
because he has found that the average young chemical 
engineer obtains a more accurate conception of chemi- 
cal engineering unit operations and processes in the 
chemical plant than he does in a university laboratory 
unless the operations and processes in the laboratory 
are carried out on sufficient scale to be commensurate 
with a plant operation, This, of course, is usually 
out of the question from the economic standpoint. 
There is still another benefit derived from the practice 
school, and that is the contact between educational in- 
stitutions and the industry. The greater this contact, 
the better it is, not only for the engineer in industry 
and the instructor in the university, but also for the 
student. German universities have shown this to 
be a fact. 
THE ULTIMATE 


The highest aim in chemical engineering education, 
as in all education, is to train the student to think for 
himself. Any curriculum, any subject matter, or any 
type of pedagogy that will accomplish this result will 
justify its existence. Our industrial and academic 
leaders have pointed out this fact again and again. 
The history of the activities of our graduates has shown 
conclusively that our greatest teachers have been the 
men who have inspired their students with a desire 
for accomplishment in their field—a desire that can be 
fulfilled only by creative thought. 

















THE REMAINS OF A SPLENDID 
Juntor HicH ScHooL PLANT 
IN LonGc BEACH 


The caretaker (standing) under the tree 
in the lower right-hand corner) was ‘‘mak- 
ing the rounds” at 5:55 p.m., locking doors 
and windows for the night, when the earth- 
quake struck. He had just finished lock- 
ing the front door and turned around to 
unlock the steel door shown at the left ‘of 
the picture when the building started to 
crash down around him. In his frantic 
haste to let himself out of his miniature 
jail, his key broke off inthe lock. He was 
finally rescued, fifteen minutes later, thor- 
‘oughly frightened, but unhurt. Only the 
fact that the vestibule was of Class A con- 
struction (reinforced concrete and steel) 
saved him from death. 
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PUBLIC LIABILITY and 
CHEMICAL EDUCATION 


IT. Earthquake Precautions in the Chemistry Laboratory 
PARK LOVEJOY TURRILL 


Glendale Junior College, Glendale, California 


No section of the world is wholly immune from seismic 
disturbances. Definite precautions should be taken by 
every chemist, whether in industry or educational institu- 
tion, to guard against outbreaks of fire and explosions 
resulting from chemical mixtures brought together due to 
earthquake shocks. Most chemical reactions are not in- 
herently causative of danger. Fire-producing chemicals 


++ + 


N PART I* attention of chemists was called to: 
(a) the possibility of damage suits arising out of 
accidents in the laboratory, and (0) methods of 

guarding against them. This applies chiefly to those 
of us engaged im chemical education, since in all but 
six states the Workmen’s Compensation Statutes 
cover liability of companies employing chemists in 
industrial plants, and usually visitors to either plant or 
laboratory are required to sign “‘release slips’? upon 
entering. 

Since the preparation of Part I, an earthquake of 
severe intensity shook a portion of Southern California. 
This afforded an opportunity to check up on observa- 
tions and to determine useful precautions in laboratory 
supervision everywhere, for, according to seismologists, 





* J. Cue. Epuc., 10, 552-5 (Sept., 1933). 


ik floods, are as inevitable as the weather. 
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should be properly stored in sturdy, double-walled con- 
tainers in earthquake-proof structures. Falling walls, 
collapsing shelves, bursting containers, and the “‘inevi- 
table’’ fires and explosions dreaded by the chemist must be 
foreseen and logically planned for. The lessons taught 
by the recent upheavals in Southern California are here- 
with outlined. 


++ + 


no particular portion of this planet is wholly immune 
from these natural manifestations of the power of earth 
movements to destroy poorly constructed buildings. 
(It is also reasonable to assume that precautions out- 
lined herein would apply to laboratories liable to de- 
struction by tornado or cyclone, such as periodically 
visit many parts of the United States. Shortly after 
the Los Angeles Basin quake of March 10, 1933, a 
tornado of high destructive power crossed the state of 
Tennessee and damaged the city of Nashville. Since 
then several other tornadoes and cyclones have visited 
the nation, snuffing out more lives than were lost in the 
Los Angeles Basin quake.) 


EARTHQUAKE-RESISTANT CONSTRUCTION 


Seismic disturbances, like tornadoes, lightning, and 
They are 
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Mowry’s Photo Service 
ADMINISTRATION BUILDING, HUNTINGTON PARK HIGH SCHOOL 


A charred mass of ruins is all that is left of the magnificent 
administration building of Huntington Park High School. 
This unit housed the chemistry laboratories, which were 
immediately above the reinforced concrete vault which came 
through the fire unscathed. The fire did not start in the 
wreckage of the chemistry laboratories, however, but found its 
genesis in crossed wires and broken gas pipes, according to 
one eyewitness who saw it start. 


particularly likely to occur in certain favored, or 
“seismic,” zones on the earth.' Fires and explosions 
may be caused by chemicals mixing, due to collapsing 
shelves, overturned reagent bottles, and falling walls 
and roofs, unless precautions are taken against those 
occurrences. 

All buildings used for chemistry laboratories or for 
chemical storage anywhere in the world should be of 
Class A construction (reinforced concrete and steel). 
This is particularly essential in a seismically unstable 
area. If, for economic reasons, this is impractical, 
then for earthquake zones construction should be of 
strongly braced wood frame (which is elastic), covered 
with concrete stucco placed on chicken wire (or better, 
metal lath), or other fire-resisting material of high 
tensile strength which automatically braces the build- 
ing against horizontal or lateral stresses. 

A fire-retarding roof (slate, asbestos-filled shingles, 
tile, or galvanized sheet iron for plant laboratories) 
and concrete or composition flooring are also advisable. 
In the report of the National Research Council com- 
mittee on laboratory construction and equipment, these 
points are recognized. Only permanent Class A build- 
ings are considered suitable for the housing of the 
chemistry unit.? Class C construction (brick and 
wood) is utterly inadequate for seismic areas unless 
strongly reinforced and braced, particularly against 
lateral stresses. Hollow tile will not withstand earth- 
quake shocks. Lime mortar for masonry work is 
highly impractical. 


UNIFORM BUILDING CODE 


In addition to the above, other lessons were taught 
by the 1906 San Francisco, the 1925 Santa Barbara, 


1 Day, “Our mobile earth,’’ Charles Scribner’s Sons, New 
York City, 1926, p. 6. 

2 National Research Council Committee Report, ‘The con- 
struction and equipment of chemical laboratories,’’ The Chemi- 
cal Foundation, Inc., New York City, 1930, pp. 45, 46. 
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and the March 10, 1933, Los Angeles Basin quakes. 
The Pacific Coast Building Officials Conference set 
about the compilation of a uniform building code. 
This official set of regulations has been adopted by one 
hundred fourteen cities; it contains more than two 
hundred pages of specifications pertaining to building 
construction, and is probably the most stringent anti- 
earthquake measure in existence. 

Some of its salient features of interest to school 
men are as follows: 

1. All new schools of two stories or more in height 
must be of reinforced concrete or structural steel frame 
construction. One-story schools must have fire-resist- 
ing walls and floors, and fire-retarding roofs. ° 

2. All public buildings, including schools, must 
provide for lateral or horizontal stresses that develop 
during earthquakes. 

3. The use of lime mortar is strictly prohibited. 


MOST CHEMICAL REACTIONS NON-PRODUCTIVE OF FIRE 


For laboratories operating in permanent, Class A 
buildings, a great deal of latitude may be taken in the 
handling and storage of chemicals; for all others cer- 
tain precautions are advisable. 

Consider the common types of reagents as ordinarily 
used in a general chemistry course, including qualita- 
tive analysis. Practically all are inorganic, except a 
few organic solvents. Some are solids; some are in 
aqueous solution, ranging in normality from 0.1 to 36. 
In the earthquake ruins of such a laboratory, where 
all reagents, including solids, would be thrown to the 
floor and allowed to mix heterogeneously, the chances of 
a fire resulting from such a mixture are slight. Most 
of the chemical reactions taking place in such a mix- 
ture, including neutralization, hydrolysis, displace- 
ment, and metathesis, even though strongly exo- 
thermic, would not be sufficiently violent to heat them- 
selves or their environment to the kindling tempera- 
ture. Large quantities of ammonium chloride smoke 
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EARTHQUAKE DESTRUCTION ON THE COMPTON HIGH SCHOOL 
AND JUNIOR COLLEGE CAMPUS 


The large concrete platform (right center) supported a 
huge dome-like brick and tile ornament. This slid off onto 
the lawn and crumbled into a mass of wreckage. 
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would be produced from such a reaction mass, but no 
fire.* 
HAZARDOUS CHEMICALS 


Now consider the more dangerous chemicals of 
those ordinarily used (particularly so in a seismic zone, 
where a laboratory or stockroom might be reduced to 
a heap of wreckage). 
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3. Metallic sodium, potassium, etc., can be stored 
as usual under kerosene in either glass-stoppered bottles 
or metal containers, the whole inserted in a larger metal 


_can with tight cover, with asbestos or mineral wool 


between. 


THE LOS ANGELES BASIN QUAKE OF 1933 


A questionnaire was sent out to various laboratories, 





THE SoutH END OF THE EAST WING 
OF THE SCIENCE BUILDING, 


4 
Compton HiGcH ScHOOL 





AND JUNIOR COLLEGE 
Sd 


The walls of many buildings were 
stripped clean of growingivy. The build- 
ings in back of this unit housed the or- 
ganic chemistry laboratories, the supplies 
of which were thrown into a heterogeneous 
mass of organic chemicals and apparatus, 
but no fire resulted. 


Reducing Agents Oxidizing Agents 


Potassium chlorate (solid) 
Potassium permanganate (solid) 
Perchloric acid 

Nitric acid (15 N) 

Bromine (liquid) 

Chromic acid 

Hydrogen peroxide (30%) 
Iodine (crystals) 


Potassium (metallic) 
Sodium (metallic) 
Aluminum (powdered) 
Magnesium (powdered) 
Zinc (powdered) 
Phosphorus (white) 
Phosphorus (red) 
Sulfur (powdered) 


Organic Chemicals 


Carbon disulfide 
Diethyl ether 
Petroleum ether 


Alkyl or aryl peroxides 
Picric acid 
Other trinitrated aryls 


PRECAUTIONS IN CHEMICAL STORAGE 


The following recommendations are made for the 
storage of the above hazardous chemicals in a seismic 
zone :! 

1. All shelving employed should be extra wide, 
strongly braced, and if open, abundantly protected by 
batting. Closed cupboards, although more expensive 
and not so convenient, are preferable, in that they 
localize damage. 

2. Only very small amounts, sufficient for current 
daily needs, of the hazardous chemicals should be 
placed on the laboratory reagent shelves. 





* It is strongly probable that heats of reaction would be suffi- 
cient to heat CS, to its kindling temperature, if the bottle con- 
taining the latter broke. However the CCl, bottle (immediately 
adjacent in the alphabetical arrangement), if ruptured, would 
release enough CCl, vapors to smother the CS, fire. 

t The same recommendations apply to storagé of apparatus, 
except there is no fire hazard in this field; merely the possibility 
of heavy material loss in the case of earthquake disturbance. 
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educational and industrial, that suffered damage in the 
earthquake that struck the Los Angeles area last 
March. Data collected from these sources are shown 
in Tables 1 and 2. 

Many of the laboratories suffered only slightly; the 
tables include only those where damage to the extent of 
twenty dollars or more resulted. The written data 
were supplemented by numerous personal inspection 
trips and interviews with chemists whose laboratories 
suffered damage in the shake-up. 


TABLE 1 


SUMMARY OF DAMAGE IN CHEMISTRY LABORATORIES IN SCHOOLS AND 
COLLEGES 


Los ANGELES BASIN EARTHQUAKE, MARCH 10, 1933 


boiler room 


Open 
‘Open Shelves Build- 
School Fire Apparatus Shelves Pro- ing 
or Fire Caused and or tected Special Con- 
College in by Chemicals, Closed by Storage of  struc- 
Num- Labora- Chemi- Estimated Cup- Bat- Na, K, and tion 
ber tory cals Damage boards ting White Ps Class 
1 None a hier $ 23 Both No No € 
2 None mene $ 100 Both No Yes B 
3 Yes, Doubtful $2500 Both Yes No Cc 
Total loss 
5 No are $ 100 Both No No c 
9 No ee $ 20 Closed ... Yes B 
21 Yes Doubtful $ 500 Open No In reserve B 
22 Yest Yes Not Open No Fire-prooff C 
Inventoried vault 
23 Yes, VYes* $2500 <— Questionnaire not returned —> C 
Total loss 
24 Yes Yes** $2000 Both No No A 
30 No see $ 200 Open No No B 
31 No ne $2000 Open No No Cc 





* According to Fire Department. 
t Fire was confined to storage vault 
** Fire confined to stockroom only. (Class A Construction.) 
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THE RUINS OF 


CoMPTON JUNIOR HicH ScHOOL 


5 


This picture illustrates the inadequacy 
of brick and wood construction (Class C) 
for the housing of school units, theaters, 
churches, and buildings in any seismic 
zone where a high concentration of human 
life may be expected. 


Mowry’s Photo Service 


TABLE 2 
SUMMARY OF EARTHQUAKE DAMAGE IN INDUSTRIAL LABORATORIES 
Appa- Open 
Fire ratus Shelves Special 
Caused and or Open Storage Building 
Industrial Fire in by Chemi- Closed Shelves of Na, K, Construc- 
Plant Labora- Chemi-_ cals Cup- Protected and White tion 
Number tory cals Damage boards by Batting Ps Class 
None $2000 Open No No 
2 None $100 Open, Yes No D 
Mostly 
Yes, 
3 None $ 20 Open No Class A c 
vault 
4 None rer $ 50 # £Both No Dope A 
7 None $ 50 Closed ose No B 
8 None $ 35 Both No None B 
stocked 
They will 
9A None twee $150 Open be No A 
9B None Seta $500 Both in future No B 
11 None $ 25 Open No No c 
12 None $ 50 Closed No No A 


INFERIOR CONSTRUCTION VULNERABLE 


The Los Angeles County Coroner’s jury that passed 
on the ninety-one deaths caused directly and indirectly 
by the quake was composed entirely of architects, en- 
gineers, and construction experts. Lengthy testimony 
was rendered, in which school officials took an active 
part. A few of the salient features of their findings 
follow: 

1. Fifteen out of the thirty-five public school build- 
ings of Long Beach will have to be entirely rebuilt. 

2. Thirty-eight of the three 


It will be noted from the tables that the heaviest 
damage was suffered in Class C structures. Where 
supplies were stored in closed cupboards, no serious 
damage was noted; where open shelves were used 
unprotected by batting, the matériel was thrown to 
the floor with heavy loss. Only seven out of sixty- 
four laboratories reported special provisions for the 
storage of metallic sodium, potassium, or white phos- 
phorus. : 


AN AMMONIUM CHLORIDE ‘‘FIRE’”’ 


The earthquake occurred at 5:54 P.M. Immedi- 
ately thereafter great clou:is 21 NH,Cl smoke poured 
out of the wrecked la5oratories of one of the colleges 
in the quake area. The department head reached the 
campus a few minutes later, just in time to ward off the 
local fire department from flooding the wreckage with 
water. 

An inspection of the ammonium chloride smoke- 
filled rooms indicated the following pertinent facts: 

1. Building construction highly vulnerable; (Class 
C and hollow tile); heavy damage to physical plant; 
general chaos evident. 

2. Nearly all the reagent bottles were thrown to the 
floor and broken, their contents mixing in a hetero- 
geneous mass of wreckage. 





hundred seventy-five public school 
buildings of Los Angeles will re- 
main closed until repairs are effected. 

3. Forty of the fifty school plants 
of Los Angeles County in the quake 
area were seriously damaged. The 
other ten were of ‘“‘modern construc- 
tion.” 

4. The jury’s conclusions as to 
the vulnerability of Class A, B, C, 
and D construction are in accord 
with statements contained herein. 
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3. Several five-gallon bottles of distilled water, 6 NV 
NH,OH, HCl, H:SQ., and HNO; were broken, their 
contents flooding the laboratories. 

4. The white phosphorus bottle, fortunately, simply 
tipped over and did not crash to the floor. Sufficient 
water remained behind to keep the slowly oxidizing 
sticks cool. 

5. The metallic sodium container, fortunately, 
spilled its contents onto a pile of excelsior. This kept 
the metal a few inches off the floor, and prevented it 
from reacting with the aqueous solutions of the reagents 
that had flooded the laboratories. 

6. Organic chemicals in the organic laboratory and 
stockroom were piled up in a chaotic heterogeneous 
mass, but no fires resulted. 

7. Damage to equipment and chemicals (estimated) 
$2500. 

A similar condition existed in the chemistry labora- 
tory of the State Teacher’s College at Santa Barbara 
after the June, 1925, quake, which occurred about 5:55 
A.M. The chaotic mixing of chemicals and apparatus 
thrown to the floor did not cause a fire, but damage was 
noted to an amount somewhat less than $1000. Sup- 
plies and apparatus at this college are now kept in 
locked cupboards in the stockroom, and in good closed 
cupboards in the laboratory. 


GENESIS OF FIRES NOT NECESSARILY CHEMICAL 


Of twenty-three fires in Long Beach immediately 
after the quake, three were in school plants. Of these 
three one was definitely caused by the heterogeneous 
mixing of chemicals; one was thought to have its 
origin in the laboratory; and the third was due to a 
broken gas line. The other twenty were non-chemical 
in origin.® 





* Private correspondence with Mr. Hugh R. Etzell, Fire 
Prevention Engineer, Fire Department, Long Beach, California. 









Richard F. Wilson 
AN INDUSTRIAL PLANT AFTER THE QUAKE 


Steel roof joists and I-beams were helpless in the face of the 
oncoming waves in the earth’s crust when supported on brick 
or hollow tile. When supported on steel I-beams, encased 
(or not) in cement (Class A construction), they came through 
unscathed. Such (Class A) should be the type of con- 
struction of all buildings used for the housing of chemistry 
laboratories. 


CONCLUSION 


A summation of these findings includes: 

1. Class A construction is well-nigh invulnerable to 
earthquake disturbances, and should be used for the 
housing of all chemistry laboratories and stockrooms 
in seismic zones. Where financial conditions render 
this impossible, then a type of construction as recom- 
mended herein should be chosen. 

2. Precautions in chemical storage and adoption of 
safety measures are advisable, particularly in Class C 
or D structures. Post-seismic fires can be pre- 
vented. 














WRECKAGE OF MAIN ENTRANCE, LONG BEACH POLYTECHNIC HIGH SCHOOL 


A huge dome, weighing many tons, crashed down through a study hall and a class 
room, effectively blocking the main entrance to this once-beautiful school plant. 
The only building on the entire campus, covering about twenty-five acres, which 
came through practically‘unscathed was the magnificent new auditorium, constructed 


entirely of reinforced concrete and steel. 
be rebuilt from the foundations up. 


The remainder of the buildings will have to 








HETERO- and ISO-POLY ACIDS 


A. R. MIDDLETON 


Purdue University, Lafayette, Indiana 


Recent investigations by Gerhardt Jander and his co- 
workers on the behavior in aqueous solution of the am- 
photeric oxidehydrates bring well-supported quantitative 
evidence for the similar action of hydrogen ion on all of 
them. Increasing concentration of this ton causes re- 
peated polymerization of the anions up to colloidal dimen- 
sions. As a result a simple new unifying principle is 


++ + 


S FAMILIAR examples of these two classes of 

compounds containing complex anions one may 

recall the yellow ammonium molybdiphosphate 
and the polychromic acids—H:2Cr20; orange, H2CrzO1o 
red, and H2Cr,O,3 brown—formed when increasing con- 
centrations of nitric or perchloric acids are added to 
chromic anhydride. 

The yellow molybdiphosphate insoluble in HNO; 
continues to be formulated in most textbooks (NH,)3- 
PO,:12MoO; although water is an essential part of it. 
More than twenty years ago Miolati (1) showed that 
the salt contained a complex anion derived from an 
acid of basicity much higher than 3, certainly as high 
as 6, and that the free acid in aqueous solution was a 
much stronger acid than either of the component acids. 
The fact that only a part of the water could be re- 
moved without changing the physical and chemical 
properties of the crystalline free acid and its alkali 
metal salts indicated water of constitution. Moreover, 
the stability of the ammonium salt toward strong acids 
and its instant decomposition by alkalies, even ammonia 
solution, suggested that it must be an acid salt. Later 
Rosenheim (2) prepared a 7-basic salt with guanidin- 
ium. The ammonium salt was accordingly formulated 
by him (NH,)3H,[P(Mo20;)¢6]-H20. 

This molybdiphosphoric acid and its salts are ex- 
amples of a very extensive class of higher order com- 
pounds with complex anions which seem to merit 
much more consideration in our textbooks than they 
have received. Some possible reasons for this neglect 
may be: (1) With the exception of Wolcott Gibbs (3), 
one of the pioneers in this field, only continental 
European chemists have busied themselves with these 
compounds. All the later literature is confined to 
foreign journals. (2) The extent of the field and its 
literature is enormous. 

Hundreds of compounds have been described for 
which no systematization seemed possible. The reason 
for this state of things has become reasonably clear. 
Analytical errors (4) were frequently involved and 
mixtures were taken for compounds. While the 
structure of these so-called hetero- and iso-poly acids 
and their salts is by no means finally settled, their 


brought into an extensive and hitherto rather chaotic field of 
inorganic chemistry. That hundreds of unexplainable 
supposed salts of the polyacids are listed in the literature 
becomes comprehensible. The best-supported previous 
theory as to the molecular structure of these compounds is 
outlined and the effect of Jander’s results upon its prob- 
ability 1s discussed. 


++ + 


general nature as complex compounds has been de- 
finitely established. 

Recent work in this field, particularly that of Ger- 
hardt Jander (5) and his co-workers, appears to have 
given a new and very definite and systematic insight 
into the formation and behavior of these complex 
anions. This study by modern physico-chemical 
methods of the behavior in aqueous solution of am- 
photeric oxidehydrates is still in progress. The con- 
sistent quantitative results obtained by several inde- 
pendent methods make the work impressive. It ap- 
pears likely radically to change former views of the 
chemistry of many elements. Inasmuch as the study 
of the principal polyacid formers, MoO;-aq., WOs-aq., 
and V2O;:aq., has been completed, it seems desirable 
to review its effects on the previous theories as to the 
nature of the hetero- and iso-poly acids and their salts. 
Since many readers may have rather vague ideas of 
this great body of inorganic compounds, it seems desir- 
able to present a very brief outline of their nature and 
properties and of the theory as to their structure 
hitherto regarded as most plausible. 


HETEROPOLY ACIDS AND THEIR SALTS 


Although the yellow ammonium molybdiphosphate 
was obtained by Berzelius (6) in 1826, he did not in- 
vestigate it further than to determine the ratios: 


(N H,)20 ° P.O; : MoO; ; H.2O 


Marignac (7) in 1862 discovered that silicic acid gel 
dissolves in boiling aqueous solutions of alkali tung- 
states kept slightly acid with hydrochloric acid to form 
well-crystallized salts containing much water. He pre- 
pared and accurately analyzed several such products. 
The tungstate-richest salt obtained was SiO2-12WO;-- 
4K,0-14H,0. Later not only silicic but boric, phos- 
phoric, and arsenic acids were found to combine simi- 
larly with molybdic and vanadic as well as with tungstic 
acids. The well-crystallizing free complex acids were 
gradually prepared: molybdiphosphoric by Debray 
(8) in 1868; tungstiphosphoric by Scheibler (9) in 
1872; tungstiboric simultaneously by Klein (10) and by 
Mauro (71) in 1880; molybdisilicic by Parmentier (12) 
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in 1882; tungstiarsenic by Fremery (13) in 1884. 
In no case was a proportion of metal acid to metalloid 
acid found greater than 12:1. At corresponding dilu- 
tions conductance indicated about the same degree of 
acidity for all. 

As a class these compounds are characterized by 
unusual powers of crystallization, large water of crys- 
tallization, stability toward mineral acids, instability 
toward alkalies, even weak ones. In contrast to both 
of the component acids the free complex acids are ex- 
tremely soluble in water and are much more highly 
ionized. They form soluble etherates and are thus 
readily extracted from aqueous solution. They all 
precipitate albumen. Their use as reagents for al- 
kaloids and proteins is well known. Mineralogists 
make considerable use of them or their salts, e. g., 
cadmium tungstiborate to prepare solutions of widely 
varying specific gravity for gravity separations of 
mineral mixtures. 

The salts of these complex acids were found to possess 
varying degrees of stability toward water and very 
dilute alkalies, the stability in general decreasing in the 
order: silicon > phosphorus > arsenic > boron and 
tungstates > molybdates > vanadates. Furthermore, 
under varied experimental conditions, particularly con- 
centration of hydrogen ion, the proportions of metal 
acid to metalloid acid were found to vary within wide 
limits. Analytical data could be expressed only in 
terms of component oxides, e. g., xReO-P20Os-yWO;-- 
zH.O. By 1900 the literature of the field had become 
very extensive. Hundreds of compounds were re- 
ported which are now known to have been based upon 
incorrect analyses or failure to detect mixed crystals. 
Unfortunately, such compounds are still recorded in the 
large handbooks of chemistry and little effort seems to 
have been made to separate real from pseudo com- 
pounds. 

In 1908 Miolati (1) proposed an extension to these 
compounds of Werner’s coérdination theory based on 
the experimentally well-established facts: (1) that 
no compound was known in which the ratio of metal 
acid to metalloid acid was greater than 12:1; (2) that 
acids and salts having this ratio were known for poly- 
molybdates, -tungstates and -vanadates of boric, 
silicic, phosphoric, arsenic, telluric, and periodic acids; 
(3) that the acids and their salts usually crystallized in 
forms of the cubic system; (4) that conductivity and 
neutralization measurements showed the acids to be 
highly polybasic and their alkali salts to be strongly 
acid salts; (5) that a coérdination number of six ap- 
peared to be characteristic of a large number of the 
elements; (6) that the crystals of the acids show strict 
isomorphism and the various acids form mixed crystals 
with each other in all proportions. Together with 
Rosenheim, Miolati devised a system for formulating 
the acids and their salts based on the codrdination 
theory of Werner which was proving so fruitful in 
systematizing the complex metal-ammono cations. By 
further hydration, the metalloid acids were assumed 
to acquire six oxygens: H»[BOcs]; Hs[SiOe]; H:- 
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[POs]; Hz[AsOs]. Double or single MoO; or WO; 
groups could then coérdinate with each of the six oxygen 
atoms to form H»[B(W:207)s]; Hs[Si(W207)6]; Hz- 
[P(Mo207)6]; H7[P(V206)e]; H;[I(MoO,)s]. This as- 
sumption at first thought may appear forced. Two 
considerations may be adduced in its favor. (1) Stable 
acids with six oxygens actually exist in HsTeO, and 
H;IO¢ of which the normal silver and mercurous salts are 
known. (2) It is a well-established fact that coérdina- 
tion generally increases the stability of an unstable com- 
pound. The assumption that the oxygens in many 
cases were replaced by W207, Mo20;, or V2O¢ groups 
was based (1) on the probability of a coérdination 
number of six for the central ion; (2) on the ob- 
served fact that in hydrolysis the metal acid an- 
hydride seemed to be detached by pairs; (3) on the 
fact that in alkyl arsenates (14) one O atom clearly 
seemed to be replaced by an MoO; group; 


CH; CH; ; 
R,| Aso, _—_ Ri Asareo,), | aq.; 


| ay | (CHs)2 | 
R} As — > R.H As(Mo207)2 , 
O2 (OH): 


| ‘egaig | | 
As —> | As ls 
Oo Mo.0; 


(4) on the assumption drawn from the CrO," = Cr,0;~ 
equilibrium that in acid solutions W20;- and Mo,0;- 
ions would be chiefly present. The later work of 
Jander has shown this last assumption to be untenable. 
On the other hand in many cases all evidence indicated 
substitution by MoO, WOx, VOs, e. g., Nas[I(MoOx,)s]- 
-13 and 17H,0. 

Rosenheim classified the heteropoly acids and salts 
as “‘saturated’’ when the anion showed its highest 
possible basicity and ‘unsaturated’ when a lower 
basicity was shown. [If all six oxygens were replaced 
by MeO; or MeO, groups, “saturated limit’’ com- 
pounds resulted; if only a part of the oxygens were 
replaced, ‘‘unsaturated limit’? compounds were formed. 
The following list illustrates this classification. R 
indicates a univalent metal ion. 


I. SATURATED LIMIT SERIES 


R,zHy_2[B(W207)¢]-aq. R,He_z[Te(WO,)s]-aq. 
RzHe_2[Si(W207)s}-aq. RzHg_2[I(Mo0,)s].aq. 
R:H7_2[P(V20s)s]-aq. 


II. UNSATURATED LIMIT SERIES 


O 0. 
Gat] as |oon.0 (NH,) al . oro 
(Mo207)s I(Mo04)« 


O 0 
(NH4) {si [sno (NH Natt 1 ‘ Jamo 
(W207)5 (MoQ,) 


*Gn = guanidinium 
METHODS OF PREPARATION (15) 


In general heteropoly acids and salts form whenever 
in an aqueous solution containing their components the 
suitable [H+] is maintained. Saturating a boiling 
solution of an alkali-metal salt of the metalloid acid 
with the anhydride of the metal acid usually gives the 
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saturated limit series if the solution is kept always 
slightly acid. From the alkali salts others can be 
prepared by double decomposition. The free acids 
can be prepared by (1) direct synthesis, HsPO, + 
12MoO; at 100°; (2) action of dilute H,SO, on the Ba 
salt of the heteropoly acid; (3) oxidizing off the NH4* 
of an ammonium salt with aqua regia. Some salts can 
be recrystallized from water. Purification of the acids 
usually is by extraction with ether. 


ISOMORPHISM AND ISOMERISM 


Several of the heteropoly acids crystallize in two 
forms differing only in water of crystallization. The 
28-hydrates crystallize in large octahedrons and are 
completely isomorphous, forming continuous series of 
mixed crystals. The 22-hydrates form small rhombo- 
hedrons and show equally complete isomorphism with 
each other. Marignac (16) observed that a small 
amount of a trigonal 20-hydrate separated along with 
the 28-hydrate of tungstisilicic acid and that both it 
and its salts differed in form and certain properties 
from the 28-hydrate acid and its salts. A similar 
difference of behavior has been observed in the 28- and 
22-hydrates of tungstiboric acid but not in the hy- 
drates of tungsti- or molybdiphosphoric acids and their 
salts. Cases of stereoisomerism have been suspected 
here. Paul Pfeiffer (17) has ingeniously accounted for 
the occurrence of cis-trans isomers in tungsti-borates 
and -silicates, but not in -phosphates, by distinguishing 
between OH oxygen and water: (OH)3;B:3H,0; 
(OH),Si-2H20; (OH)sP-H2O. However the occurrence 
of such isomers in complex anions is by no means cer- 
tain in the above cases and furthermore has never 
been observed in many other cases where it should 


occur. 
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Consideration of such series indicates that the greatly 
preponderant mass of metal acid determines the 
form of the crystal lattice independent of the ‘‘central 
atom” (metalloid acid) and that into this ‘“‘mold’’ are 
poured cations and water molecules until the interstices 
are filled in accordance with the principle of closest 
packing. In the case of the 28- and 22-hydrate of 
Hg[Si(W20;)s], for which Rosenheim found a transition 
point at 28.5°, one can imagine that greater amplitude 
of vibration of the lattice links (WO; or W207) might 
leave somewhat less room for water to enter the lattice 
at the higher temperature and thus a lower hydrate 
might result. Again it is to be recognized that crys- 
tals are not composed of molecules and that analysis 
determines nothing more than the average molecules 
of water per lattice unit enclosed in the crystal lattice. 

The high basicity of these heteropoly acids and the 
strongly acid nature of their salts is thoroughly es- 
tablished. The newer work of Jander tends to throw 
doubt only on the Miolati-Rosenheim theory of the 
structure of the anions. (NH4)3PO,-12Mo0; is quite 
as indefensible as AuCl;-HCl or SiF,-2NaF. 


ISOPOLY ACIDS 


While the fusion diagram of NazJO + WO; or MoO; 
shows with certainty only mono- and di-compounds, 
salts with more highly polymerized anions are obtained 
from aqueous solutions. The tungstates were classified 
by Laurent (18) as normal, para, and meta tungstates 
and this meaningless nomenclature was carried over to 
the molybdates. It is regrettable that it still persists 
in the literature. The chemical differences of the three 
classes collated below for tungstates hold more or less 
for molybdates. Rosenheim’s classification is shown 
in Table 1. 


TABLE 1 


ROSENHEIM’S CLASSIFICATION 


Normal 
Strongly alkaline 
(1) Cold soln., insol. colloidal 
(2) Hot soln., insol. colloidal 
Only alkali and Mg soluble 


In aqueous solution 
On acidification 


Solubility in water 


With optically active organic Form complexes and largely change 
acids rotation 


R:0:WOs3'2H20 


Formula 


R:20:MoO;:2H20 





Some typical series of undoubtedly isomorphic salts 
are: 


1. KeHy[H2(W:07)s]-16H:O 2. 
KsH,[B(W207)¢]-16H2O 
K,H,[Si(W207)6]-16H:O 

3. Hs[Si(W207)6]-22H20 4. 
LisH,[Si( W207)¢]-22H20 
CazH,[Si(W207)¢]-22H,0 
BazgH,[Si( W207)¢]-22H20 

5. (NH4)sHs[H2(W207)6]-- 6. 
21H2,0 


1 
(NH,)sHa[B(W20:)s]-- 
24H.O 
H,[B(W-.07)s]-28H:0 


Bas3H.[H2(W207)¢]-25H2O 
Bae,sH.[B(W207)6]-25H20 
BazH,[Si(W207)¢]:-25H20 
Hs [Si(Mo207)¢ ]:28H2O0 
Li,H,[Si(Mo207)¢]-28H2O 


H[Si(Mo.07)¢]-22H2O 
Baz.H, [Si(Mo207)¢ ]:-20H,O 
BazH,[Si(W207)¢]-22H:O0 





Para Meta 

Weakly acid 

Soluble, well crystallizing meta- 
tungstic acid, HzW.013-8H20 

Alk. earth and heavy metal salts 
soluble 

No effect 


Neutral 

White (WOs-xH:20)n 
Yellow (WOs'H20)n 

Same but less than normal 


R20-4WOs:aq. 
(R20-8WOsaq.)? 
R20-4MoOs-aq. 
R20-8MoOsaq. 


5R:0-12WOs aq. (more probable) 
or 3R20-7WOs-aq. 
R20-:2MoOs:aq. 
5R20-12Mo0Os:aq. 
or 3R20°7MoOs:aq. 


R20°3MoOs:aq. 
R20°6MoOs:aq. 
VANADATES 
Ortho Pyro Meta Hexa 
VO.8- V2074- V3093— HVs0Oi73- 
Colorless Yellow-red 


Free metamolybdic acid analogous to H2W,Q,3-- 
8H20 is not known. Molybdates are more sensitive 
to hydrolysis and hence there is greater variety of 
composition particularly in the paramolybdates. 


COPEAUX-ROSENHEIM THEORY OF STRUCTURE 


Copeaux (19) demonstrated that metatungstic acid, 
H2W,013'8H20, is completely ismorphous with the 














21 SMB 8 =) Soc 


HERERO RRR 














DECEMBER, 1933 


22-hydrate series of heteropoly acids and certain of its 
salts with salts of heteropoly acids. (See above, 
Isomerism.) Furthermore it showed about the same 
[H+] at comparable concentrations as the heteropoly 
acids and like them precipitated albumen. He pro- 
posed that it be formulated as a heteropoly acid of a 
hypothetical aguic acid, Hio[H2O¢], Hio[H2(W207)6]-- 
21H,0, 7. ¢., a tungsticaquic acid. After prolonged 
discussion Rosenheim accepted Copeaux’s proposal 
as a working hypothesis and extended it by numerous 
experimental investigations to include nearly all 
definitely individual poly-molybdates, -tungstates, and 
-vanadates. Thus these great classes of compounds 
hitherto known:as isopoly salts (the free acids are 
generally too unstable for independent existence) 
passed over into heteropoly compounds. As isopoly 
compounds were considered thereafter only those salts 
which crystallized without water or lost all water below 
or at 100°, without change of chemical properties. 
Polynuclear structures were frequently devised to 
satisfy the analytical proportions and for the vanadates 
even a “hypoaquic”’ acid H,[H20;] was assumed. 
The change of formulation is shown by the following 
examples: 


5Zn0O-12W0335H20 Zns(Hs[H2(W0Os)s])2:28H,O 
5(NH,)20-12Mo003-1 1H.0 (NH4)sH2[H2( WO,)s-- 
(W207)s-( WOx)sH2]- 
H.(NH,)s-7H2,O 
K,0-4W0;8H,0 K,Hi[H2(W:207)6]-21H,0 
2Na,0-3V20;-16H20 Na,[H2(VOs3)¢]-15H2O 
(VOs)s 
3Na,0-5V,0;:24H20 N a3H as ¥ 10H,O 


While the formulas assigned by Rosenheim seem 
highly speculative, much experimental evidence favors 
them. Even when stabilized by codrdination, aquic 
acid, H1o[H2O¢], and its salts should be highly unstable. 
Actually only one free isopoly acid has been prepared, 
Hio[H2(W207)s6]:21H20. The salts should be even more 
subject to hydrolysis in aqueous solution than those of 
heteropoly acids and mixed hydrolysis products are 
to be expected. Rosenheim used every precaution 
known to him in distinguishing between crystal water 
and water of constitution. Determinations of con- 
ductivity were made and the high basicity of the 
anions abundantly demonstrated. Rosenheim was 
critical of his own work and carefully distinguished 
between formulas based on apparently adequate 
experimental results and those tentatively assigned 
from analogies or inconclusive experimental evidence. 
Undoubtedly the weakest link in the evidence is the 
lack of determinations of molecular weight or ionic 
weight of the anions in the solutions from which the 
solids separated. On account of hydrolysis ordinary 
methods of molecular weight determination are ex- 
cluded. 

Recently Gerhardt Jander and his co-workers have 
devised methods for obtaining this information with a 
high degree of probability. As a result the chemical 
behavior of these baffling salts appears decidedly sim- 
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plified and reduced to comprehensible order without 
any far-fetched assumptions. 

Jander’s work is based on the thought that more reli- 
able evidence as to the nature of the isopoly salts can 
be obtained by examining the solutions in which they 
form than by analyzing solids of which the homogeneity 
is far from certain. This evidence has been obtained: 
(1) by measuring the diffusion coefficient (20) of the 
complex anions and from this the order of their ionic 
weight by means of the Riecke (21) relation, D-\/M = 
constant, where D is the diffusion constant and M 
the ionic weight; (2) by measuring (22) the displace- 
ment toward longer wave-lengths of the absorption in 
the ultra-violet as an anion increases in complexity; 
(3) by measuring the pH of the solutions; (4) by con- 
ductometric, potentiometric, and thermometric titra- 
tions of the solutions. By these methods the following 
weak acids have been studied: silicic, stannic, antimonic, 
vanadic, tantalic, molybdic, and tungstic. The various 
methods give concordant results qualitatively and, 
with reasonable approximation, quantitatively. All 
these weak acids show the same behavior, briefly as 
follows. When H?t is slowly added to the alkaline 
solution of the normal alkali salt, polymerized anions 
form at quite definite pH values of the solution and a 
definite polymer is the chiefly preponderant form of the 
acid through a definite pH range. Further addition of 
acid may cause higher polymers but beyond the isoelec- 
tric point cationic metal begins to form as MoO,**, 
VO2* or VOtt+, SnOt+t, etc. The polyanions show 
colloidal properties and the change may be represented 


Molecule = colloid @ crystalloid 


It may be noted here that Rosenheim’s work on the 
isopoly salts contains much supporting evidence for 
this idea. Many of these salts are obtained as oils or 
glasses which on long standing go over into crystals. 
In the vanadates, molybdates, and tungstates Jander 
finds only the following anionic species in solutions of 
the alkali normal salts as [Ht] is increased. Aq. sig- 
nifies ignorance as to water additionally combined or 
carried as a “‘shell.” 


EQUILIBRIA IN VANADATE SOLUTIONS 


In alkaline solutions displacement of equilibria 1 
and 2 (Table 2) toward the left is instantaneous and 
meta vanadate solutions can be titrated conductomet- 
rically with NaOH. The forward reactions are much 
slower. When acid is dropped into a solution of one 
of the colorless vanadates, local excess of H* forms 
orange pentavanadate, or even, momentarily, brown- 
red octovanadate. The orange color disappears only 
slowly. At pH = 7, equilibrium 3 involves two reac- 
tions of very different velocity. 


] 10[H2V.0:3]4~-aq. + 10H+t+2 5 [HaV Ox ]®~-aq. + 5H,0 
(dark brown red) (rapid) 
II 5[H4V 025 ]*--aq. + 3H.0 @ 8[H3VsO16]*~-aq. + ri ) 
SLOW 





Total 10[H2V.O:3]*~-aq. + 8SH+ = 8[H3V;Oi6]*~-aq. + 2H2O 
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TABLE 2 
VANADATE SOLUTION EQuiisria (23) 

No. pH Reaction with Increasing [H*] Mol H* per mol NasVO. 
1 12 -10.6 2VO.~-aq. + 2H* = V2074~-aq. + H2O 1.0 
2 9.0- 8.9 2V2074~-aq. + 3H* = [HV:0i3]5~-aq. + H20 176 

[HV.s013]5~-aq. + Ht [H2V10i3]4~-aq. 2.0 

3 7.0—- 6.8 5[H2V1013]4~-aq. + 4H+ — 4[HsVsOi6]*~-aq. + H2O 2.3 

[HsVsOie]*~-aqg. + Ht = [HsVs016]*~-aq. 2.4 

4 3:3 (HaVsOis]?~-aq. + 3H*+ = [H7VsOi6-aq.] (isoelec. pt.) 3.0 
unstable 

5 < 2.25 [H7VsO18aq.] + 5H*+ = 5VO2t-aq. + 6H20 4.0 


The unstable octovanadate anion is stabilized by 
Hs;PO, (formation of heteropoly anion). This is in- 
stantly decomposed by alkali to colorless salts of 
H3PO, and [H2Vs0is]*-, 

[HV 3Oo5-aq. ]®- + 2OH~ = 2[H2V.013]4~ + H20, 

but like all heteropoly anions is relatively stable to Ht. 
The orange pentavanadate anion is much more stable 
to OH-, its complete degradation requiring several 
hours at room temperature and at least 10 minutes at 
56°. Contrariwise, it is extremely sensitive to Ht 
passing rapidly into pale yellow VO.+* which is not 
polymerized at any [H*] studied. 

These results indicate the existence of colorless ortho, 
pyro, and meta salts. The metavanadates are in- 
dicated as 4-polymers instead of 3 as previously be- 


ion is in equilibrium both with the ion from which it is 
formed and with the ion into which increasing [H+] 
changes it. To obtain an analytically homogeneous 
salt from any given solution [H+] must be kept constant 
within rather narrow limits. Klason’s (25) hexa- 
molybdate (NH:)20-6MoO;:5H2O0 becomes (NH4),- 
[HeMowO«ui1]-2H2O, Ephraim’s (26) 2Li,0-3MoO; be- 
comes Lis[Mo;0u]. Beyond the isoelectric point as 
[H*] is increased MoO,+ and MoO+*+ begin to form. 
Thus the dissolution in additional acid of the white 
(MoOs;:aq.),, precipitated when a solution of am- 
monium molybdate is slightly acidified with HNOs, is 
due to formation of these cations of which the nitrates 
are soluble. Striking is the indicated non-existence of a 
dimolybdate ion in solution. 


TABLE 3 


MOLYBDATE SOLUTION Eguiiisria (24) 


No. Reaction with Increasing Acidity Mol H+ per 6MoO, pH Previous Designation 
1 3Mo0O,?~ + 2H* = [Mo;:0u]*~ + H2O 4 6.1 
2 [Mos0Ou]*~ + H* #2 [HMo;0u]*~ Di-molybdate 
3 2[HMo;:0u]*- + Ht = [HMocOn]i- + HO 7 4.5 Para-molybdate 
4 {[HMosOu}5~ + Ht — [H2MosOn]*~ Tri-molybdate 
5 [H2MosOu]*~ + H+ = [HsMocOa]3— 9 2.9 Meta-molybdate 
6 2[HsMosOu]3- + 3H+ @ [H:Mo20a]3— 1.5 Octa-molybdate 
7 2{H7MonOua]*- + Ht —@ [HzMouO7s]5~ + 4H20 1.0 Deca-molybdate 
8 [H:MouO7s]5~ + 2H* = [HsMoxu0O78]3~ 0.9 16-Molybdate 
9 [HsMoxuO7s]3~ + 3H+* = [HizMonuO7s] (solid) 12 isoelectric point (MoOs:aq.)” 
TABLE 4 
ForRMULAS OF SopriuM MOLYBDATES 
Analytical Rosenheim Jander 
Na2:Mo04:2H20 Normal 
Na2Mo207'6H20 Di- NacHs[H2(MoO,)6]:15H20 Nasz[HMo;0n]‘9H:0 
5Na20-12MoOsaq. 
or Para- NasHs[H2(MoO,)6]-15.5H20 Nas[HMoc02]-18H20 
3Na20-7 MoOs-aq. 
Na2Mo;30.0°7 H2O Tri- NasHo6[H2(MoO:)6]-10H20 Nas [H2Mos0Ou]-13H2O0 
Na2Moai013'6H20 Meta- NasHs[H2(Mo207)6]:21H20 Nas;(HsMo6O2]-10.5H:O0 
Na2Mos025:17 H20 Octo- NasH7[H2(Mo207)6]:21H20 Na3(H7Mon0a]:22H20 
Na2Mow0s1'6H20 Dece~- j- i .  ““‘eaceieewiy sacle vere * Nas{[H:MoxuO7s]-12H2:O 
NazMo1eOuw'9H2O0 | So on Oro cee > Nas[HsMou07s]-9H2O0 


* Rosenheim was unable to fit the 10- and 16-molybdates into his molybdiaquates. 


lieved, Meg{H2Vs0;3] or Mes[V,Oi2]. In the orange- 
red salts only a pentavanadate is present and not a 
hexavanadate as hitherto assumed. Beyond the iso- 
electric point the salts begin to contain VO2+ or VOTttt 
cations. This explains why the literature contains 
vanadates of such variety of proportions, for example: 
3:4 = Meg(V401s)-aq. 5:4 = Me;[HV.0;s]-aq. 
4:5 Mea[HsV50:6] 3:5 = Mes;[H4V;5016] 
(same crystal form as 
RTa;Oi6-aq.) 
2:3 = MeVO2[H2V;016] 


3:4 = Meg( VOz)2[HsV50i6 Je 
EQUILIBRIA IN MOLYBDATE SOLUTIONS 


All molybdate equilibria are displaced by the slightest 
change of [H+]. In any solution the preponderant 


Jander’s results make their existence natural and comprehensible. 


EQUILIBRIA IN TUNGSTATE SOLUTIONS 


No indication of di- or tri-tungstate ion could be 
found by any of the methods used. The formation of 
hexatungstate ion probably proceeds through inter- 
mediate stages but such intermediate ions are not 
sufficiently preponderant at any [H*] to be detectable 
by any of the methods used. Metatungstates appear 
to be merely acid paratungstates. Solutions of alkali 
paratungstates have a pH of 7.0 to 6.5 and contain 
considerable WO,7. Such solutions on acidification 
naturally precipitate white (WO3-xH:20O), like normal 
tungstates. At pH 6.0 WO," is no longer present and 
such solutions behave like metatungstate solutions, 
giving precipitates only after boiling or long standing. 
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TABLE 5 
TUNGSTATE SOLUTION Eguitisria (27) 

No. pH Mol HNOs per mol NazWO; 

Cold solution 
la 6WO2- + 7H*t & [HWeOn]5- + 3H20 Para 8.0-6.0 0.1-1.3 

Boiling solution 
lb 6WOw2- + 6H*t — [We0n]§- + 3H20 
2 (HW.02]?- + 2H*+ — [HsWeOn]3- Meta 6.0-1.5 2.0 
3 [HsWeOu]8- + 3H+ — [HeWe0On1] solid 1.5 


That metatungstic acid can be extracted with ether 
(only in strongly acid solutions) may well be due to 
further polymerization of [HsWsO2]*- near the iso- 
electric point to a diparatungstate ion. Such an un- 
stable polymer would be stabilized by forming etherate 
as it is by presente of boric, silicic, or phosphoric acids 
in the solution. Tungstic acid etherates are unstable, 
tungstic acid hydrate separating on standing. The 
isomorphism of metatungstates with heteropoly salts 
would be natural: 


Re[HsWeOn J2-aq. RsH[P(We0x1)2]-aq. 


Hiittig and Kurre (28) have shown that the dehydra- 
tion of white tungstic acid hydrate proceeds like that 
of any water-rich gel and shows no definite hydrates 
whatever, not even a dihydrate; that of the yellow 
acid proceeds like that of an adsorption compound 
down to a monohydrate which appears able to form a 
crystal lattice with unusual rapidity. 


SUMMARY 


The Miolati-Copeaux-Rosenheim theory of the 
polyacids as derivatives of hypothetical 6-codrdinated 
acids H»[BOs], Hs[SiOc], Hz[POcs], Hio[H20s] proved 
valuable in systematizing a vast field of inorganic 
chemistry which was nearly chaotic. It stimulated 
much careful research. Experimentally it was based 
on examination of solids, accurate analysis—particu- 
larly determination of combined water as distinguished 
from water of crystallization, on isomorphism of crystals, 
on conductance measurements, and on certain class 
reactions such as precipitation of albumen. Because 
of the instability of many of these compounds, methods 


‘ then in use for determining molecular weights were 


useless. Jander doubts if Rosenheim’s main support, 
measurement of dehydration velocity at constant 
temperature and pressure, 7. e., of the tenacity with 
which water molecules cling within a crystal lattice, 
actually warrants conclusions as to the composition of 
the complex ions which form the lattice. The albumen 
reaction relied on to distinguish hetero- from iso-poly 
anions appears to belong in general to sufficiently aggre- 
gated particles independent of their nature. Meta- 
phosphoric acid, known to be a high polymer, has this 
property. 

Jander’s work, based on study of the solutions from 
which solids separate and using more modern physical 
methods, appears to give a consistent and experimen- 
tally well-supported picture of the changes in solutions 
of alkali salts of weak acids when [H*] is increased. 
The change is found to be identical in all such acids— 





isoelectric point 


formation, from the monomolecular ion present in 
alkaline solutions, of progressively more highly aggre- 
gated ions up to the isoelectric point where the ele- 
ment begins to appear as cation. Within the pH 
range within which a certain aggregate predominates 
small increases of [H+] produce increasingly acid forms 
of this aggregate, e. g., [HMosOn]5-, [H2Mog0z]*-, 
[HsMo¢Oz2:]*-. After the first stage of aggregation, 
doubling appears to be the prevalent degree of ag- 
gregation. The isoelectric points for the three acids 
considered are at about the pH values—vanadic, 2.2; 
tungstic, 1.5; molybdic, 0.9. In solution at a given 
pH one state of aggregation largely prevails but 
must be assumed in equilibrium with both the aggre- 
gate from which it was formed and that into which at 
higher [H*] it will pass. Solutions of molybdates are 
particularly sensitive, the equilibria shifting with the 
slightest change of [H*] and in them anions correspond- 
ing to most of the recognized types of molybdates were 
identified. The chemistry of tungstates and the orange 
vanadates is much simplified. Metatungstates appear 
to be more acid paratungstates [H;W.sOz:]*~ instead of 
[HW.Ou]5-. Five appears the highest stable state 
of aggregation for vanadates although unstable red- 
brown [H,VsO25]*- is stabilized by H;PO, and forms 
the phosphovanadates at higher [H+]. Metavana- 
dates are 4-polymers, (NH,VO;)s. Dipolymers exist 
only in vanadates, V20;‘~. The first polymer of 
MoO," is [HMo30, ]*-; of WO;, [HWeOx ]5-. The 
former distinction between hetero- and iso-poly acids, 
which the Copeaux formulation tended to obliterate, 
resumes its original significance. 

Since Rosenheim’s work deals with solids and 
Jander’s with the solutions from which those solids 
separate, the former’s theories of the structures of 
crystals are not certainly disproved although Jander’s 
findings make them less plausible. He believes that 
present available data do not warrant conclusions as to 
constitution. Examination of the solids by X-ray 
methods (29) is desirable. Jander’s failure to obtain 
any evidence for a hexavanadate ion and his evidence 
for a penta- and an octo-vanadate ion raise the ques- 
tion whether the coérdination principle is an invariably 
reliable guide in assigning structures to crystals. 
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HERMAN BOERHAAVE (1668-1738) 
Painting by Aert de Gelder (1645-1727) in the Mauritshuis at the Hague. (See p. 711.) 


Boerhaave was Professor of Medicine at Leiden and later Pro- 
fessor of Botany and Chemistry. Hoefer in his “Histoire de la 
chimie,” after discussing the state of the learned societies of Eu- 
rope at the beginning of the eighteenth century, says—“The Low 
Countries were the home of a man who, by his renown in Europe 
and by the extent of his knowledge, by himself alone was worth 
almost a whole academy. This man was Boerhaave.” Thomas 
Thomson in his “History of Chemistry” calls him “perhaps the 


most celebrated physician that ever existed, if we except Hip- 


pocrates.” 


Boerhaave’s textbook of chemistry appeared in more than 
twenty-five editions in Latin, English, French, and German. 
Concerning it Thomas Thomson says—“His system of chemistry 
was undoubtedly the most learned and most luminous treatise on 
chemistry that the world had yet seen; it is nothing less than a 
complete collection of all the chemical facts and processes which 
were known in Boerhaave’s time, collected from a thousand differ- 


ent sources, and from writings equally disgusting from their ob- 
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scurity and their mysticism. Everything is stated in the plain- 
est way, stripped of all mystery, and chemistry is shown as a sci- 
ence and an art of the first importance, not merely to medicine, 


but to mankind in general.” 


The book commences with a very interesting history of chem- 
istry, and is remarkable for the fact that it nowhere makes any 
mention of phlogiston. It would probably never have been 
written if the “disgustful task” (labor ingratissimus) had not been 
forced upon its author. His students collated their lecture notes 
and in 1724 caused the “Jnstitutiones et Experimenta Chemiae’’ to 
be printed under Boerhaave’s name as if it had been his own pro- 
duction. He disavowed the spurious work, and in 1732 published 
the “Elementa Chemiae” autographing the back of the title page 
of every copy of the first edition in order that the reader might be 
sure that it was really his writing. The “Jnstitutiones’” and the 
The first seems really 





“Elementa’ are, however, very much alike. 
to represent the Jectures as they were given, and is perhaps the 


more entertaining to read. 
Contributed by Tenney L. Davis 


























CHEMICAL TERMS in the 


CHINESE LANGUAGE 


MA LING-YUN anp HANOR A. WEBB 


George Peabody College for Teachers, Nashville, Tennessee 


The cumbersome terminology developed informally by 
chemical teachers and workers in China has been replaced 
by a systematic nomenclature, for the most part officially 
adopted by the Ministry of Education. The Chinese char- 
acters now used for chemical terms are a minimum num- 
ber for each, are descriptive with few exceptions, and are 
logical in the naming of related substances. The former 
method of imitation of sounds from other languages is 
abandoned except for rare objects and the proper names of 
scientists. 


+++ oo + 


LTHOUGH modern chemistry has been studied 

and practiced in China for more than half a 

century, a sound, stable, and efficient Chinese 
chemical nomenclature has hardly yet been established. 
For many years Chinese chemical terms were all ob- 
tained through imitation of the sounds of English 
terms. This system not only required too many 
Chinese characters, but produced imitated syllables 
which did not indicate to the Chinese mind any proper- 
ties of the substances they represented. 

The inconveniences and disadvantages of this type 
of nomenclature were seen by the early teachers and 
pioneer workers in chemistry in China; hence a new 
system was gradually developed. In the year 1915 the 
Ministry of Education appointed a Committee of 
Revision, and some years later their recommendations 
concerning a comprehensive list of terms were officially 
adopted. New needs for terminology constantly arise, 
however, and new texts and published works add to the 
chemical nomenclature. 

Although a few pamphlets and bulletins on Chinese 
chemical terms have been published in China, to the 
Western world the Chinese system is practically un- 
known. Prof. Adolph’s brief account! of the difficul- 
ties of a foreign teacher of chemistry in a Chinese uni- 
versity is the most recent discussion of the problem in 
the English language. The main object of this paper 
is to explain to English-speaking people some represen- 
tative principles underlying Chinese chemical terms 
according to the usage in approximately thirty Chinese 
textbooks, a few dictionaries, and numerous catalogs 
and price lists of chemical apparatus and supplies. 


FIRST PRINCIPLES 


The fundamentals of the new Chinese chemical 
nomenclature may be summarized as follows: 





1 ApoLtpH, WILLIAM Henry, “Synthesizing a chemical ter- 
minology in China,’”’ J. Cuem. Epuc., 4, 1233-9 (Oct., 1927). 
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1. All chemical terms shall be represented by as few 
Chinese characters as possible. 

2. The Chinese terms shall indicate something 
about the classification, properties, or usage of the 
objects they represent. 

3. The method of imitation of sounds from other 
languages shall be abandoned, except for rare objects 
and the proper names of foreign scientists. 

4. There shall be a logical, systematic, organized 
plan for the naming of related substances (such as 
homologous series). 

Whatever progress has been made in the develop- 
ment of chemical science in China during recent years 
is due to the wide acceptance of these principles by 
chemical teachers and workers. 


NAMES OF THE CHEMICAL ELEMENTS 


It is natural that the names of certain elements known 
from ancient times should be retained as common 
names. A few of these are shown in Table 1, Section A. 
In the modern simplified nomenclature one Chinese 
character is assigned to each element; this is a com- 
pound character in two parts: (1) a symbol, one of 
four, classifying the element as of the ‘‘metal,”’ ‘‘gas,” 


TABLE 1 
Tue NAMES OF CHEMICAL ELEMENTS 


RIK. gold A 
Fila) silver bs Ke 


B. Modern Names of Elenents 


A. Long-known Elements 


x 
sulfur Ait 


zine A¥ 


carbon 


copper 


Kays 
Metal roup: antimon: BD 3; bismuth 
(2) ihe Ynetal:"ti® metal: "bi" 
Zz 45 
z= -L a) 
Gas roup: fluorine 4p ; hydroren —-% 
phe cee ens: "fu? )  gaszlight 
4 im 
Stone ( 4) group: carbon AiR ;_ iodine A 


stone: charcoa stone: "dien" 


. 


Water ( 5 ) group: bromine IR ; 
sila ni water: stench 


C- Elements as Laymen Read Them 


boron FAR 


“stone of the ; iodine "stone of the 


rile 


ae 
& 


anti- B® "metal of the ; calcium "metal of the 
mony younger brother" begear" 
a . fi 
radon "gas of the ; bromine 7 "water of 
ih “east" : ’ stench" 
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“stone,”’ or ‘‘water’’ groups; (2) an imitation of the 
sound of one syllable in the English or Latin name of 
the element, or a single briefly descriptive word. 

There are 69 elements of the “metal” group, 11 of the 
“gas” group, 9 of the “stone” group, and 1 of the 
“water” group. The Chinese names of the two ele- 
ments most recently discovered—virginium and ala- 
bamine—have not been adopted officially. Repre- 
sentative elements of each group are shown in Table 1, 
Section B. 

Even as his contemporaries in other lands, the 
Chinese layman is likely to find chemical terms dis- 
tinctly mystifying. Few of the names of elements 
are to be found in the dictionary. Most of the Chinese 
characters are compounded, and the meanings are 
usually—though not always—derived from the mean- 
ings of the parts. The “group names’’ are recognized 
by any Chinese reader, but the imitation of an English 
sound may bring in a most incongruous—and wholly 
unintended—meaning. A few of these names with 
literal translations as they would appear to the Chinese 
“man in the street’ are given in Table 1, Section C. 


THE NAMES OF INORGANIC COMPOUNDS 


As in other languages, the Chinese names of com- 
pounds fall into two groups: (1) common names, usu- 
ally descriptive, and often of great antiquity (Table 
2, Section A); (2) technical names, which should be 


TABLE 2 
THe NAMES OF INORGANIC COMPOUNDS 


A. Ancient, Descriptive Names B. Inorganic Acids 





7B <b 
asbestos #p "stone cotton" HCl FL aR "chlorine acid" 
& 
diamona A>®)) G "gold steel H250, 2 OF "sulfur ecia* 
stone 
lime 7G JR_ “stone ashes" HySi0, EE hR "silicon acid" 
rl Hah 
NaCl K 2 "eating salt" HPO, byt Og phosphorus 
C. The Connective AX (Hwa) 


Av & 4 "to change by uniting substances" 
hna ho wo 


D. Simple Inorganic Salts 
= — 
cud ¥L 74 lq "oxygen of 
copper 


NiS Ba 41 Be "sulfur. of 
nickel" 
J= 
Natl ¥L T0409 “chlorine of 
sodium 
xr BH AP *iodine of 


potassium" 


E- Inorganic Baseg 
= /= 
NaOH SUE Sthydrogen-oxygen 
of sodium’ 
= = 
KOH &LFU4L4P "hydrogen-oxygen 
SLAULAP "hy potassium" 


- = 
NH, OH &], ¥1, 4.495 "hydrogen-oxygen 
4 SL¥l + aoareet 


Ca( 0H) 2sunear hyd rogen. oxygen 


élcium 
FP. The Chinese Numerals 
2 2 3 4 6§ 6 7 
— = 2) wk og 
G- Related Selts H. 








8 9 10 
JX Jl 


"More" and "Less" 


CuCl —¥L 4 Sia) "l-chlorine of "per-" if "more" 
copper" 
zE 
CuCl, =§14LSi9) "2-chlorine of  *-ous" Sy “next* 
copper 


Nos BYYt= FL *5-oxygen of 


*h _* s ® ® 
2-nitrogen* ly po oR second next 
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consistent with a systematic nomenclature by which 
every compound may be designated. 

The technical names of inorganic chemical com- 
pounds in Chinese symbols fall into two groups: (a) 
the acids; (b) the salts and bases. 

The acids are named by adding the character which is 
translated ‘“‘acid’’ to that character which represents 
the most significant element of the acid. “Sulfur 
acid,” ‘‘silicon acid’ are typical literal translations. 
Certain of these are shown in Table 2, Section B. 

The inorganic salts are written with three char- 
acters: (a) the negative element; (5) a connecting 
symbol, pronounced hwa, the first of hwa ho wo mean- 
ing “‘to change by uniting substances” (see Table 2, 
Section C); (c) the positive element. This order is 
never varied, and—it may be observed—is opposite 
to the English system of naming the metal first, al- 
though a similarity to non-technical usage (as “‘sulfate 
of iron,’ “chlorate of potash’) is to be noted. A 
series of salts is shown in Table 2, Section D. 

The bases are named according to the same plan, 
except that the two characters for hydrogen and 
oxygen precede the connecting symbol hwa. Certain 
bases is shown in Table 2, Section E. 

In cases where it is necessary to distinguish between 
those related salts in which higher and lower valences 
of the metal influence the formula numerals are placed 
before the names of the negative radicals. Section F 
of Table 2 shows the Chinese numerals from 1 to 10 
inclusive, and Section G presents a few characteristic 
chemicals to which this plan applies. 

The names of oxygen acids include characters to 
imply “‘less” and “more,” equivalent to similar prefixes 
in English nomenclature. These always precede in the 
sequence of characters. Table 2, Section H, makes 
this plain. 

The salts of oxygen acids are named by combining the 
necessary characters, but eliminating the connecting hwa. 

No practical system of writing equations using these 
characters has been devised by Chinese chemists. 
The characters are names, not symbols. The chemical 
symbols employed throughout the world have been 
adopted by Chinese authors and publishers, and the 
equations in a Chinese text—even including the Arabic 
numerals involved—would be wholly familiar to a 
chemist of any nationality. 


THE NAMES OF ORGANIC COMPOUNDS 


As is characteristic of other languages, the common 
names of familiar organic compounds are somewhat 
descriptive. This is shown in Table 3, Section A. 

The technical names for organic compounds are still 
under development in China. No official list has been 
adopted by the Committee on Scientific Terms. Re- 
cent texts, however, are using a systematic nomenclature, 
certain principles of which may be illustrated briefly. 


The Hydrocarbons 


All names of hydrocarbons contain the character 
huo, meaning ‘fire.’ To this the character wan, 
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TABLE 3 
THE NAMES OF ORGANIC COMPOUNDS 


A- cgay iptive | Manes B. The Hydrocarbons 

acetylene 4 bh a. - K & KE 

dextrin BA Fh "Wastes "fire" "complete” "paraffin" 
7 x Uy Zo 

celluloid PRI "false 4p 4p 


ivory” "fire" "scarce "olefine" 


petroleum A "stone XK KR 


iS iinahaal "fire" "lacking" "acetylene" 
paraffin % ug 


"stone wax" 
C. The Ten Astronomical Stems 
1st 2nd 3rd 4th 5th 
7:38 TR 
D- Hydrocarbon Homologs 
'H, i=4 s i s 
CH, 'P iK7L, “ist paraffin 
Cols Z JOE “and pareffin" 


Cle KL "5th paraffin" 


6th 7th 8th 9th 10th 


&bR ¥ 


CaHg 8) fp "3rd olefine" 

Cole Z AK "2nd acetylene" 
ras THR 
E- The Oxygen Derivatives of the Hydrocarbons 
Ed 


"1st wine" 


= socety lene" 
butine-2) 


A nucleus, "strong wine," in all characters. 


CH3COOH Z aR "2rd sour wine" 


"2nd wine" 


CH PHS 
(CoHs)20 =2 Hk "double 2nd 
wine of sleep 


Cason BHF 
CHgCHO ZS “2nd ‘weod' wine" cisco 5 RP NE "2nd sour wine, 
lst peraffin" 


(CH) 200 Py ®ig"Srd ‘tong’ wine" wine =ZHF "double 2nd 
geal wing 


meaning ‘‘complete,” is added, implying saturation of 
the paraffins. The combination of these two char- 
acters form one new character. An unsaturated hydro- 
carbon is a similarly combined new character com- 
posed of huo (“‘fire’’) and hsi, meaning “scarce,” im- 
plying the deficiency of hydrogen in the olefins. The 
acetylenes are named as huo (‘‘fire’’) and ch’ueh meaning 
“lacking” in a more pronounced degree of emphasis. 
These characters are shown in Table 3, Section B. 

A member of a hydrocarbon series is not adequately 
designated until the number of carbons in its chain is 
known. In Chinese writings ‘““The Ten Astronomical 
Stems” are much used to show sequences, grades, and 
the like.* These ten signs are used to number the 
carbon atoms in a hydrocarbon chain. The ten signs 
are given in Table 3, Section C, and their applications 
are shown in Section D. 

The position of a double or triple bond is indicated 
by a small superior Arabic numeral at the right of the 
character. 


Oxygen Derivatives of the Hydrocarbons 


Alcohols are indicated by the long-established Chinese 
characters meaning “‘strong wine”; the ‘‘ten astronomi- 


* Their most common use is in connection with the Chinese 
calendar, in which the ten stems are combined with twelve names 
of animals to give a cycle of sixty years. Beginning every sixty- 
first year the combined names are repeated in the same order. 
Most of the year 1983 is included in ‘‘the tenth chicken year.” 
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cal stems” designate the number of carbons. The 
names of aldehydes are made up of an “astronomical 
stem,” the ‘‘wine” character, and a character referring 
to the fragrance of a wild weed. The names of ketones 
possess the “‘astronomical stem,’’ the ‘‘wine’’ character, 
and a character pronounced in imitation of the ‘‘-tone”’ 
syllable. Aliphatic acids utilize an ‘‘astronomical 
stem’’ and the symbol already accepted for the inorganic 
acids. 

Ethers add to the ‘‘wine”’ character another, meaning 
“to be unconscious.” Esters add “‘salt’” to the wine, 
or the individual esters are named by adding together 
the characters representing the acid, and the hydro- 
carbon portion of the alcohol radical. Acid anhydrides 
add the character meaning ‘‘dried” to the characters 
that represent the acids. For the number of carbon 
atoms the “ten astronomical stems” still serve. Ex- 
amples of these compounds are given in Table 3, Sec- 
tion E. 

The Aromatic Compounds 

The Chinese have made an important distinction 
between “ring compounds” and “wheel compounds.” 
In the Chinese sense, any closed chain may be called a 
“ring,” regardless of its shape, but a ‘‘wheel’”’ must be a 
closed chain that approaches roundness. From their 
point of view a three-point, enclosed figure is a tri- 
angular ring, a four-point figure a square ring, a five- 
point figure a star ring, but a six-point figure is a wheel. 

The radicals huo (‘‘fire’”’) and hwan (“‘ring’’) following 
the proper “astronomical stem’’ indicate the cyclic 
compounds; the radicals hwo (‘‘fire’’) and lun (‘‘wheel’’) 
are present in the name of all the true aromatic deriva- 
tives. 

Benzene itself is ‘‘a single fire wheel’ when con- 
sidered as a nucleus. The characters for naphthalene, 
literally translated, mean ‘‘the team-of-two-horses 
fire-wheel.’”’ The side-by-side position is definitely 
implied by the characters. Anthracene’s characters 
are derived from the three riders in ancient war char- 
iots—one to drive, one to fight, one to defend. The 
“horse” character is a part of the compound, and we 
are not straining the literal translation in calling 
these derivatives “team-pulling-three-in-a-chariot fire- 
wheels.” ; 

Certain cyclic and aromatic compounds are shown in 
Table 4, Sections A and B. 


TABLE 4 
Cyciic AND AROMATIC COMPOUNDS 


A. The Cyclic Compounds 


x 2 «£ RK 


"fire" "ring" "cyclic" "fire" 


Pa A ie 


"3rd fire-ring"(cycloproparie) 


Ba Hp 
id Tike 


"4th fire-ring" (cyclobutane) 


B. The Aromatic Compounds 


fy bey 
"wheel" "benzene" 
0 "single fire-wheel" 


w 
BF Kay 
60 "horse . ee 


a S) 


"horses yt ive three 
fire-wi 
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CHEMICAL APPARATUS 


Most of the chemical equipment now used in the 
laboratories of Chinese schools and industries is manu- 
factured in China. Many items are the same as those 
used in the homes and factories, and naturally are 
known by their common names. For other forms of 
apparatus first introduced from abroad three methods 
of naming have developed: (a) substitution, (b) direct 
translation, (c) descriptive translation. 


TABLE 5 


THe NAMES OF CHEMICAL APPARATUS 


A- Balances» (a) balance KF "heaven level"; (b) analytical 





balance foe RE "changing substance heaven level"; (c) specific 


gravity balenceit SK -F "comparing heaviness heaven level." 


B. Funnels. (a) bushel 3 (b) leaking bashel 
maar me A og CT 


(c) thistle tube Ke FHLB + "1ong-necked leaking bushel"; (d) sep- 
aratory funnel 7g Sf "parting liquid leaking bushel"; (¢) safe- 
ty tune] {2-3} * peace complete leaking bushel." 

C. Old Nemes for New Forms. (a) crucible +H §F "earthen vessel 
boiler"; (b) pneumatic trough KAS "water manger"; (c) retort 


ab Sh PH "bent-necked rice pot." 





D. Now Names for New Forms. (a) alcohol lamp JO FH GF vine spirit 


lamp"; (b) glass rod FR "glass club"; (c) glass tube ay 


% "glass pipe"; (d) test-tube 24 F "trying pipe." 

B. Descriptive Names for New Forms. (a) beaker yi J "burn- 
ing cup"; (b) cork PPE “sort wood stopper"; (c) evaporating 
dish & 35 "vapor rising vessel"; (d) iron wire gauze BK AF 
4ig) “iron silk net"; (6) rubber tube te "rubber-tree skin 


pipe"; (f) siphon py Bp "rainbow sucking pipe." 


The substitution of older names of practical objects 
long used in China, instead of an attempted transla- 
tion, is very common. For example, a balance is 
called a “heaven level’ because of the leveling of an arm 
in weighing, and the inference that the instrument’s ac- 
curacy makes its determinations acceptable in heaven. 
An analytical balance is a “‘changing substance heaven 
level’; a specific gravity balance a ‘“‘comparing heavi- 
ness heaven level.’’ These names are shown in Table 5, 
Section A. 

In a similar logic a funnel is called ‘‘a leaking bushel,’ 
because a wooden device, four-sided, with large bottom 
and smaller open top, used for measuring grains, was 
reversed to pour them into narrow-mouthed sacks. 
Soon after its invention the “leaking bushel’’ found its 
way into the wine, soy-bean oil, and vinegar industries, 
and although the construction was modified to handle 
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liquids, the name remained. The names of special 
funnels used in chemical manipulations are given in 
Table 5, Section B. 

Certain other chemical apparatus to which the old 
names have been applied are presented in Table 5, 
Section C. 

Many items of chemical apparatus were unfamiliar 
to the Chinese, and almost literal translations were 
made in naming them. As a rule they resemble but 
slightly, if at all, common objects used in the homes of 
China. Certain of these names are’ given in Table 5, 
Section D. 

For a very large number of the unfamiliar items 
used in chemical laboratories the Chinese adopted 
names which were distinctly descriptive—a valuable 
principle in nomenclature. Their ideas of what the 
apparatus resembled was in many instances quite 
different from the notions of the western world. Some 
interesting modified translations of this nature are 
given in Table 5, Section E. 


CHEMICAL PRINCIPLES 


The nomenclature of a science must not only provide 
for its objects, but its ideas as well. There is a large 
group of principles in chemistry, many of which must 
be taught clearly before the science may be understood. 

The task of translating the terms by which chemical 
laws are expressed has been particularly difficult for 
the Chinese. To begin with, the English term has its 
limitations in clearly expressing what is meant. Then 
the established meanings of the Chinese characters 
available must be considered. Since the Chinese 
language is built upon an entirely different set of con- 
cepts from the English language, it sometimes appears 
impossible to express the true meaning of an English 
scientific word in a limited number of Chinese char- 
acters. The best translations may be only approxima- 
tions of the original meanings. 

About forty terms representing chemical relation- 
ships and principles (as contrasted with actual com- 
pounds) were listed by the Ministry of Education of 
China in 1932 as a minimum number of important 
characters to be understood by students of high-school 
chemistry. Still other terms might be added because 
of their high frequency of use in modern Chinese text- 
books of high-school chemistry. Selected examples 
are presented in Table 6, Section A. 


THE NAMES OF CHEMISTS 


In no scholarly translation may liberties be taken 
with proper names. When the characters permit—as 
between the nations using the Roman alphabet—there 
is little trouble in typography, although much in 
pronunciation. Chinese and Roman characters used 
for printing have nothing whatever in common, and 
the differences in application to the printed page are 
nowhere modified by bonds of resemblance. In the 
field of personal names there are even additional handi- 
caps to translation due to the systems involved. 
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There are only a small number—approximately 
one hundred—‘‘family names’ (surnames) used in 
China, and the characters representing them are con- 
sequently very familiar. No imitated sound of a for- 


TABLE 6 
THE NAMES OF PRINCIPLES AND MEN 


A- Important Principles. (a) atom J? 4 "original particle’; 

(b) element AF "beginning purity"; (c) ion Bit 4 "leaving 
‘ 

particle’; (d) molecule ty 3. "share particle"; (e) neutral- 

ization ? to "middle harmony"; (f) saturation /gp Ke 

"eating-too-mach harmony"; (g) spectrum F 


"beautiful scene" 


B. The Names of Chemists 


Arrhenius & WE iy Charles s 3 
ya ho né ya ssu ch'a li 
> ay 7 = 
Curie & 49 Dalton i6 183 +f) 
chu li da‘'o erh ton 
- 4 Es 
42 4X iF 
aa ad a aaa la moo bs 


eigner’s name appears to a Chinese reader as a true 
proper name unless it resembles one of the Chinese 
family names. 

All Chinese names have definite meanings, and the 
selection of a given name for a child is made with 
great care according to principles which a foreigner 
would hardly understand. The family and given names 
coupled together have a real significance to the Chinese. 
In contrast, the given names of the western world are 


‘ marks, ‘‘What au odd name.” 
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selected by the preference of parents, and together 
with the family name have long ago lost any significance 
they may have had. The Chinese characters for a 
full name are never more than four in number, whereas 
the full name of an American or European may be 
many syllables in length. 

In translating the names of chemists into Chinese, 
only the sounds of their last names are imitated. One, 
and often two, Chinese characters are required to 
present each syllable as the spoken name sounds to the 
Chinese ear. A list of certain chemists frequently 
mentioned in the Chinese textbooks is given in Table 6, 
Section B. 

Although each Chinese character (selected merely 
because when spoken it resembles a portion of the 
foreign name) has its own meaning, the sequence of 
these characters usually forms a set of mere ‘‘nonsense 
syllables” to which the Chinese student probably re- 
At times, however, 
the syllables as spoken will have an accidental meaning 
in Chinese. The name of the Frenchman, Charles 
(1746-1823), as pronounced Ch’a Li in Chinese, means 
“search for truth.” 

Not all chemists are so fortunate when their names 
are spoken for Chinese ears to hear. The three syl- 
lables that represent Lavoisier (1743-94, founder of 
modern chemistry) are first understood by the Chinese 
layman as follows: Ja—‘‘to drag;”’ wa—‘‘a tile;” 
hsi—‘‘tin;” that is, “‘to drag a tin tile.” A very rough 
translation of the French is probably ‘“‘one who lives 
in the neighborhood.”’ The whole matter revives the 
ancient question, ‘Is there anything in a name?” 





The Town Residence of Cavendish, at the Corner of Gower Street and 
Montague Place, near the British Museum 
















Many of Cavendish’s researches on air and water were carried 
out in this house, whose furnishings were reported, by the few for- 
tunates who gained access during his lifetime, to consist chiefly 
of books and apparatus. The house is now used for office pur- 
poses, but its historical significance is recalled by a tablet set in 
the outside wall. 





(Contributed by Ralph E. Oesper) 





CLASS EXERCISES in the 
INDUSTRIAL CHEMISTRY COURSE 


IT. Economic Survey of a Chemical Commodity 
KENNETH A. KOBE 


University of Washington, Seattle, Washington 


HE student in industrial chemistry soon becomes 

familiar with the methods of searching the literature 

for the technical facts concerning a technical proc- 
ess. He does not usually regard this process from its 
economic side. He must be shown the dollar sign in the 
chemical equation. The many factors involved in the 
supply of raw materials, their specifications, and the 
manufacture and sale of the finished product have a 
dollars-and-cents value that allows the technical process 
to continue operation and enables the producing com- 
pany to pay dividends. These factors and the sources 
of information concerning them may be impressed upon 
the student by means of an economic survey of some 
industrial chemical. 


THE ASSIGNMENT 


A list of common industrial chemicals which may be 
considered is given below: 


1. Aluminum sulfate 9. Ammonium chloride 

2. Barium chloride 10. Arsenic white (As,Os3) 

3. Ferrous sulfate 11. Lead acetate 

4. Copper sulfate 12. Potassium permanganate 
5. Magnesium sulfate 13. Sodium fluoride 

6. Potassium carbonate 14. Sodium nitrite 

7. Sodium dichromate 15. Sodium thiosulfate 

8. Sodium chlorate 16. Zinc chloride 


TOPIC OUTLINE 


An economic survey of an industry may be considered 
according to the following outline. 


6 Raw Materials 
1. Sources of supply 
a. Other possibilities 
2. Specifications for raw materials 
8. Tonnage requirements for economical handling 


II. Manufacture 
1. Methods of manufacture, with flow sheets for com- 
mercial plants. 
2. Control tests 
3. Itemized statement of production costs 
4. By-products, utilization, or disposal. 


III. Finished product 
Chemical properties 
Physical properties 
Usual run of purity 
Grades 
a. Specifications required by some consumers 
Containers for shipping 
Shipping regulations 
Industrial uses 


P99 toe 


a ON 


IV. Items of commercial importance 

Domestic production 

Domestic consumption 

Imports and exports 

Tariff 

Graphical comparison of monthly selling price with 
weighted index of prices of all commodities as given 
in Chem. & Met. Eng. 

6. Names and locations of 5 manufacturers. 


Sue ON 


V. Financial report on one manufacturer 
1. Rating in Dun 
2. Rating in Poor and in Moody 
3. Stocks and bonds outstanding 
4. Stocks listed on what exchange 
5. Earnings and dividends per share 
6. Graph of stock activity from Jan. 1929 
7. Last financial report, important items 


VI. Conclusions 
LITERATURE SOURCES 


The student will immediately find that the Engineer- 
ing Index and Industrial Arts Index are of little, if any, 
value to him, but that Chemical Abstracts will give com- 
plete references relating to the technical aspects of his 
topic. From these references he can assemble his ma- 
terial dealing with raw materials, manufacture, and 
finished product. 

The preparation of an itemized statement of produc- 
tion costs requires a careful survey of all references 
dealing with the chemical. The Tariff Information 
Series and records of hearings before the Tariff Com- 
mission are authoritative sources of information on 
detailed costs and offer a basis of comparison of costs 
in this country and abroad. Chemical & Metallurgical 
Engineering has made several surveys of important in- 
dustries.° In a recent survey of chemical costs’ fifteen 
of the most important chemicals of commerce have 
been treated. The various items in the total cost have 
been compared for the several typical types of manufac- 
turing industries. Even if the student is unable to 
find authentic production costs for his chemical he 
should be able to make a very good estimate of the 
various items in the cost. The practice of making 
such an estimate is undoubtedly of more value to the 
student than a fortuitous finding of actual cost data. 

In discussing the finished product the student is 
asked to give the grades and specifications, containers, 





® TyLer, ‘Cost analysis in chemical production,’’ Chem. & 


Met. Eng., 33, 204, 278 (1926). 
10 EDITORIAL STAFF, ‘Chemical costs,” 2bid., 39, 1-8 (1932). 
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and shipping regulations for his chemical. He may 
find the specifications of the American Chemical So- 
ciety for analytical chemicals, but he does not know 
what other sources are available for specifications. 
His search will lead him to Murray and Merck’s 
Index.!! Despite the fact the student has listed a 
U.S.P. grade, he usually does not know the meaning of 
the letters nor where he can look up the specifications. 
Only a brief statement concerning shipping containers 
and regulations!” is desired. 

Usually the items of commercial importance call for 
sources which the student has not previously used. 
He may have found some of this material in one of the 


economic articles in Chemical & Metallurgical Engineer- | 


ing or Chemical Markets. The January, 1931, issue of 
Chemical & Metallurgical Engineering included a sup- 
plementary sheet, ‘‘Chemical Raw Materials for the 
Process Industries,” listing 83 chemical commodities, 
their raw materials, manufacturing processes, grades, 
tariff, uses, and for the years 1919, 1927, and 1929 gives 
the production, imports, exports, and average prices. 
The price range from 1913 to 1930 is also shown graphi- 
cally for each chemical, and a weighted index of chemical 
prices for 1921 to 1930 is included. This supplement 
does not usually appear in the library bound copy so 
it is not available to the student, who is forced to con- 
sult the original sources for the data necessary in the 
report. The instructor can check these student data 
against his supplement. 

The publications of the U. S. Department of Com- 
merce contain much material; there are the ‘‘Statistical 
Abstract of the United States,” the ‘‘Biennial Census 
of Manufactures,” and the “Commerce Yearbook.” 
The Department of Labor publishes ‘‘Wholesale Prices 
of Commodities.” Tariff information may be obtained 
from the local customs house or by consulting the tariff 
regulations. ‘Mineral Resources” (U. S. Bureau of 
Mines)” and ‘‘Mineral Industry” (McGraw-Hill Book 
Company) carry many statistics. 

Each month Chemical & Metallurgical Engineering 
carries sections on chemical economics, markets, price 
trends, and current prices. Chemical Markets also has 
sections devoted to chemical exports and imports, the 
trend of prices, and current prices. Ozl, Paint and 
Drug Reporter is a standard reference for current mar- 
ket prices. Chemical & Metallurgical Engineering is 
usually more readily available to the students, as many 
of them are subscribers. The weighted index system 
used was described in January, 1930. From this system 
the student can calculate index numbers for his chemi- 
cal commodity and compare this graphically with all 
commodities or chemicals. The economic phases of 





11 MurrAy, “Standards and tests for reagent and c.p. chemi- 
cals,” D. Van Nostrand Co., New York City, 1927. 
““Merck’s Index,’’ 1930, Merck & Co., Rahway, N. J. 
“Chemical specifications yearbook, 1927,” Chemical Speci- 
fications, New York City, 1928. 
12 “Condensed chemical dictionary,’’ Chemical Catalog Co., 
New York City, 1919. 
EpiTorIaL Starr, ‘Container and shipping instructions 
for fifty typical chemicals,” Chem. & Met. Eng., 39, 24-5 (1932). 
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the chemical industry are so directly effected by price 
trends that the student should carry with him into the 
industry an ability to use and interpret the data which 
have been collected for him by these varied sources. 

The financial report on a chemical manufacturer 
brings the student into contact with periodicals which 
are entirely new to him, but with which he should be 
familiar. The rating of R.G. Dun and Company is not 
available at the library and must be secured by the in- 
structor. It was found that R. G. Dun and Company 
were very willing to lend a back number of their credit 
rating for student use. Poor’s and Moody’s industrial 
ratings will give sufficient information for the other 
financial items. Chemical Markets carries sections on 
the financial markets and stock market reports on chem- 
ical companies. 


CHEMICAL ECONOMICS 


The economic material covered by the student does 
not constitute a very large share of his report. He may 
not fully understand the significance of the items he has 
entered in the company financial report. It is not the 
purpose of the industrial chemistry course to explain 
this phase. That is for a course in chemical economics. 
Industrial chemistry has fulfilled its purpose when it 
shows the student that there is an economic side to the 
technical process, a very important side indeed. It has 
shown him the sources upon which he can draw for 
economic data and what he can expect to find in these 
sources. It may stimulate his interest in this side of 
the chemical industry. It may be pointed out to the 
class that the findings of the Department of Business 
and Engineering Administration of the Massachusetts 
Institute of Technology" show that the successful engi- 
neer should have a background which will allow him to 
work into the more lucrative fields of his industry, as dis- 
tribution, finance, and management. If he desires to 
prepare himself in college for such work, he can select 
the proper courses. Many departments of chemical 
engineering now require courses in chemical engineer- 
ing economics.'4 In such a course the survey of a 
chemical commodity can be dealt with in more detail, 
as suggested in the outline by Klugh.'® 


CONCLUSIONS 


The student is asked to draw some conclusions in 
his report. These are usually found to be quite brief 
and based on the technical process. The local manu- 
facture and markets for the chemical are discussed. 
Only the occasional student discusses the economic side 
of the process, competitive processes, and materials. 
A more mature student may mention employment by 
the company or desirability of stock purchase. 

Many students mention to the instructor the numer- 





18 ANATLE, ‘“What becomes of the college graduate?” Chem. & 
Met. Eng., 40, 83-5 (1933). 
14 Ty_LerR, “‘Chemical engineering economics,’?’ McGraw-Hill 
Book Co., Inc., New York City, 1926. 
BasorE, “Economics and chemical engineering,” J. CHEM. 
Epuc., 10, 282 (May, 19383). 
16 KiucH, “How to apply the principles of commercial re- 
search,” Chem. & Met. Eng., 38, 14-5 (1931). 
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ous sources of information with which they have become 
acquainted and feel that their ability to use these 
sources has been a successful accomplishment. _Numer- 
ous students regret their inability to understand the 
financial report of the manufacturer and decide upon 
courses in business administration. The instructor may 
be surprised to find a usually mediocre student making 
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an excellent economic report and showing his greater 
ability in a business rather than in a technical capacity. 

The economic survey is different enough from the 
usual technical report which the student has been mak- 
ing that he enjoys the change and the hunt for new 
reference sources. The result is an interested student 
and an excellent report. 


(Part III of this series will appear in the January issue.) 





STUDENTS’ COURSE 
FOURTEENTH EXPOSITION OF CHEMICAL INDUSTRIES 


THE complete program of the Students’ Course to 
be held in conjunction with the Fourteenth Exposition 
of Chemical Industries, which is held December 4 to 
9, 1933, at Grand Central Palace, in New York City, 
has now been definitely established and details on 
registration and special features are given at this’ time 
so that the professors and instructors in the colleges can 
make plans for attendance by their classes and by them- 
selves. Professor W. T. Read, dean of chemistry, 
Rutgers University, will again serve as chairman of the 
course. The complete program is given in following 
paragraphs. The complete list of speakers who will 
present the several subjects follows. 

Dean Read desires to announce that this year a spe- 
cial feature designed to utilize the educational values of 
the Exposition in fullest degree will be the Exposition 
Inspection Groups which will investigate the great Ex- 
position and its diversified displays under competent 
direction. College groups of students, under the lead- 
ership of teachers of chemistry and chemical engineer- 
ing, are being organized for afternoon study of the ex- 
hibits. These groups will be relatively small, and ar- 
rangements should be made in advance for attendance 
therein. Instructors should plan to accompany their 
own students, and should also make arrangements in 
advance for the total attendance which will represent 
their classes. Communications should be addressed to 
Professor W. T. Read, Chairman of the Students’ 
Course, Fourteenth Exposition of Chemical Industries, 
Grand Central Palace, New York City. 

Monday afternoon, December 4th, will be devoted to 
registration and organization. The course program 
will begin Tuesday morning, December 5th, at 10:00 
A.M., and will be held each successive day, through 
Saturday, the hours on each day being from 10:00 A.M. 
to 1:00 p.m. Speakers will be outstanding in their 
fields, national leaders in chemical engineering and 





chemical industries, educators specializing in particuiar 
phases of these subjects, directors of research and de- 
velopment, and editors of the principal technical jour- 
nals. 

The program follows: 


TUESDAY, DECEMBER 5, 1933 
Chemical Engineering as a Career: A General Survey 


Design and Equipment. H. C. Parmelee. 
Plant Construction. W. L. Badger. 
Research. Foster D. Snell. 

Sales. P. E. Landolt. 

Administration. J. V. N. Dorr. 


a a aah oe 


WEDNESDAY, DECEMBER 6, 1933 
Chemical Engineering in the Industries 


1. Inthe Petroleum Industry. Robert P. Russell. 

2. Inthe Synthetic Organic Chemical Industry. 
be announced.) 

3. In the Inorganic Chemical Industry. John J. Healy, Jr. 

4. Inthe Food Industry. JL. V. Burton. 

5. Inthe Pulp and Paper Industry. Harold R. Murdock. 


(Speaker to 


THURSDAY, DECEMBER 7, 1933 
Recent Advances in Chemical Engineering 


Improvements in Design of Equipment. T. R. Olive. 


Process Control. M. F. Behar. 
New Types of Equipment. D. H. Killeffer. 
Materials of Construction. Lincoln T. Work. 


PON 


FRIDAY, DECEMBER 8, 1933 
The Economics and Products of Chemical Industry 
1. Chemical Economics in the Plant. Chaplin Tyler. 


2. Markets and Sales. Williams Haynes. 


3. Réle of Chemistry in International Relations. H. E. Howe. 


SATURDAY, DECEMBER 9, 1933 
On the General Topic of Chemical Education 
1. Chemical Engineering Education. R. S. McBride. 


2. Written and Spoken Chemistry. R. E. Rose. 
3. What Industry Expects of the College. G. W. Thompson. 




















DEVELOPMENT of the ELEC- 
TRONIC THEORY of VALENCY 


C. A. BUEHLER 


University of Tennessee, Knoxville, Tennessee 


One of the most interesting developments of the elec- 
tronic theory of valency is the concept of the codrdinate 
covalent bond in which the pair of electrons is furnished 
by one atom. , Evidence is presented to show that this 
bond is present in some simple compounds, in molecular 


compounds, and in chelate compounds. In the first 


+++ 


HE electronic theory of valency* is a product of 

the present century. Because of the opposition— 

some of which has not disappeared to date—to this 
concept, progress has unquestionably been retarded. 
Regardless of this fact some of the newer developments 
of this theory are of more than passing interest, since 
they are supported by experimental evidence of both a 
chemical and physical nature. In the present paper 
an attempt will be made to point out a few of the newer 
electronic formulas, some of which present a marked 
contrast to those of the old valence theory. 


INORGANIC AND ORGANIC COMPOUNDS CONTRASTED 


It appears that the first development of importance 
of the electronic theory is the fact that it is capable of 
distinguishing clearly between inorganic and organic 
types of compounds. According to Kossel (1) in- 
organic compounds or electrolytes, originating usually 
between atoms, one immediately after and the other 
immediately before, a rare gas in the periodic table, re- 
sulted by a transfer of electrons. Thus, two charged 
particles or ions were formed, and this type of valency 
has been designated as an “‘electrovalency.” Lewis 
(2) at about the same time proposed another type of 
union between elements immediately before the rare 
gases. It does not seem likely that these should actu- 
ally give up electrons since they are so near the atoms 
with stable numbers of electrons. Combination, how- 
ever, becomes possible between them by the compromise 
arrangement known as the sharing of electrons, which 
nearly always occurs in pairs. Thus compounds are 
formed between what are known as the electronegative 
elements——those which we are concerned about to the 
greatest extent in organic chemistry. These com- 
pounds, being non-electrolytes, are not capable of form- 
ing ions, and the type of valency involved has been 
called “normal covalency.” It is of interest to note 
that whether an element be joined by an electrovalence 





7 
* For an excellent detailed treatise see N. V. SmipGwick, ‘“‘The 
electronic theory of valency,’’ Oxford University Press, London, 
1929, 298 pp. 
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case it appears to take the place of the conventional double 
bond; in the second, in some cases to substitute for a 
subsidiary valence bond; and in the third, to introduce a 
new ring formed between atoms generally thought to be 
in the chain. In addition, some exceptions to the two- 
electron bond and the rule of eight are enumerated. 


+++ 


or a normal covalence the valence numbers for these 
are identical. In an ionized compound, such as 


Nat ClI-, 


the sodium atom, which gives up one electron, is con- 
sidered to have a positive electrovalence of one and 
the chlorine atom, which gains this one electron, a nega- 
tive electrovalence of one. On the other hand, each of 
the chlorine atoms in a non-ionized compound, such as 


é 
CCE), 
Cl 


since they each share a pair of electrons with the carbon 
atom, has a normal covalence of one, a value identical 
with the electrovalence of chlorine in the illustration 
given above. 


THE COORDINATE COVALENT BOND 


In addition to the rule of two, 7. e., that the electrons 
tend to arrange themselves in pairs, there is also a rule 
of eight which states that eight is the maximum num- 
ber of electrons possible in the outer layer of the atom. 
In other words, the maximum,normal covalence of any 
element is four. It is at once apparent that this rule 
of eight cannot be applied satisfactorily unless some 
principle in addition to those stated above is available. 
Lewis in his original paper (2) called attention to this 
difficulty. It appears in sulfuric acid which has been 
written structurally as: 


H—O pf? 
H — of No 
In terms of the newer theory Lewis wrote it as 
H—O 7o* 
H—0”% ‘o 
~ * The arrow has been used largely by English investigators 


to indicate a pair of electrons which is furnished by the element 
from which the arrow points. 
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which does not disobey the rule of eight since two of 
the sulfur bonds—those indicated by the arrows—are 
produced by two pairs of electrons, both of which pairs 
are supplied by the sulfur atom, and the other two are 
of the normal covalent variety. This third type of 
valency has been designated as the ‘‘codrdinate co- 
valent” type because of its similarity to the coérdina- 
tion number as proposed by Werner in his molecular 
compounds largely of salts and ammonia. 

This coérdinate covalent type of union, which may be 
considered as a second important development of the 
electronic theory, offers a basis for many interesting 
speculations on structure of a previously unsuspected 
nature. It is a type of union between atoms the one 
of which, commonly called the “donor,’’ possesses an 
unused pair of electrons, the “lone pair’; and the 
other of which, commonly called the ‘‘acceptor,’”’ lacks 
a pair of electrons. Atoms which can become donors 
are those, such as nitrogen, phosphorus, oxygen, sulfur, 
and chlorine, which possess more than four valence 
electrons originally; common acceptor atoms are oxy- 
gen, which lacks but two to fill its outer layer, and hy- 
drogen or some metal, both of which have variable 
covalences. It seems likely, therefore, as is shown 
above in the case of sulfuric acid, that many of our 
present structural representations may need modifica- 
tion. Perhaps some double bonds should be replaced 
by the codrdinate covalent bond, in particular those be- 
tween oxygen and the elements—nitrogen, phosphorus, 
and sulfur. Or perhaps new rings may be formed 
through the ability of hydrogen or a metal, each already 
present in the molecule, to accept a lone pair. These 
are some of the possibilities that present themselves if 
the rule of eight is valid and in the pages which follow 
the evidence which has accumulated in support of some 
of these modified structures will be presented. 


SIMPLE COORDINATE COVALENT COMPOUNDS 


Lewis (2) upon the basis of the rule of eight first 
proposed the general formula 


O 


| 
O—xX—O 
| 
O 


for the anions of some of the oxygen acids of phosphorus, 
sulfur, and chlorine. The number of coérdinate co- 
valent bonds (in the unionized form) varies here from 
one in the case of phosphorus, since the acid of this 
element in question, H;PQ,, has three hydroxyl groups 
attached by normal covalent bonds, to three in the 
case of chlorine in which the corresponding acid, HC1O,, 
has but one hydroxyl group. In other words if X 
equals P one of the bonds above becomes an arrow 
while if X equals Cl three of them are represented by 
arrows. A comparatively new physical property called 
the parachor, whichis none other than a modified molecu- 
lar volume, has been applied by Sugden (3) to the 
esters of sulfuric and phosphoric acids. This investi- 


gator showed that parachor values really consist of a 
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summation of the values due to the atoms, bonds, and 
ring forms present. Fortunately, the value for the co- 
ordinate covalent bond is decidedly different from that 
of the double bond for which the former is frequently 
substituted. Because of this fact, Sugden’s modified 
molecular volume offered a possible method for decid- 
ing between the old and new formulas for these phos- 
phorus and sulfur acids. The results obtained, at least 
for the esters of these acids, substantiated Lewis’ 
formulas. 

The case for the nitro group (which doubtless is pres- 
ent in nitric acid) is not so clear-cut. Upon considera- 
tions similar to those above, the formula 

R—N=0O 

| 

O 
might be predicted for a nitro compound. Sugden 
(3) has supported this structure as a result of his para- 
chor determinations. It seems to have received quite 
general acceptance although Smyth (4) upon the basis 
of the electric moment and Hendricks and Hilbert (5) 
from a study of crystal structure have opposed this 
representation. 

Distinct triumphs for the electronic theory of valency 
have been achieved in the case of the amine oxides and 
sulfoxides. If the conventional double bonds by which 
the oxygen atoms are attached be changed to the coérdi- 
nate covalent type, these compounds would take the 
formulas: 


R R 
| | 
aii: ae and R—S—O 
R 


Both of these representations are essential unless the 
rule of eight be violated. The somewhat unexpected 
optical resolution of methylethylaniline oxide by 
Meisenheimer (6) indicated the presence of an asym- 
metric nitrogen atom in this compound. This resolu- 
tion, since it is inexplicable with a doubly bound oxygen 
atom, has been cited in support of the amine oxide 
formula given above. Likewise, Phillips and his 
co-workers (7), in conclusive support of the proposed 
sulfoxide formula, have succeeded in resolving meta- 
carboxyphenylmethylsulfoxide as well as other related 


types. 


COORDINATE COVALENT COMPOUNDS OF TWO OR MORE 
MOLECULES 


One of the simplest types of compounds which con- 
sist of two molecules comprises the ammonium salts. 
Eliminating the possibility of pentavalent nitrogen the 
newer representation would be: 


H } : * 
| 
H—N—-H—xX or vali —H | X- 
| 
H H 
I II 








i a ee ee a 


oo 
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The coérdinate covalent bond in I becomes very much 
the same as, if not identical with, the other bonds be- 
tween nitrogen and hydrogen in II. There seems little 
ground to doubt the validity of formula II for the am- 
monium salts. It is a well-known fact that one bond— 
that of the electronegative element or radical—is of a 
distinctly different type from the others. In addition, 
the great number of resolutions which have been 
accomplished for ammonium salts in which the nitro- 
gen is asymmetric support this view convincingly. 
Although other configurations might be used to account 
for these active forms, the fact that the number of 
forms corresponds exactly with those obtained with 
an asymmetric carbon atom points strongly to the 
tetrahedral arrangement for nitrogen. 

The molecular compounds which are formed between 
amines and phenols might be expected, because of their 
similarity to the ammonium salts, to have the formula: 


a 
sai selailaalian 
H 


As a matter of fact both parachor and refractivity evi- 
dence (8) have recently been presented in support of 
this view. The organic molecular compounds of 
greater complexity, such as those of nitro compounds 
with phenols, amines, and hydrocarbons, are known in 
great numbers although their structure is not so defi- 
nitely established. If the nitro group acts as the 
donor, combination might be expected with phenols 
through the hydrogen of the ‘phenolic group in a 
fashion similar to that of the amine-phenol shown above. 
In the case of the hydrocarbons, whose additive ability 
is shown probably to the greatest extent with naphtha- 
lene, a similar union through one of the hydrogen atoms 
might be proposed, but such a proposal appears hardly 
justified upon the experimental grounds now available. 
Although such a union would seem likely in the case 
of acetylene in which the hydrogens are replaceable by 
metals, other carbon-to-hydrogen unions appear to be 
of a type such that the ability of the hydrogen to 
increase its covalency would be questioned. In the 
molecular compounds of nitro derivatives and amines 
a difficulty of another sort arises. Both the active 
groups here are normally donors. For union to occur it 
appears that either one of the hydrogen atoms of the 
amino group must act as an acceptor or some rearrange- 
ment must take place within the nitro compound in 
order that it may furnish an acceptor group. Al- 
though there is some evidence for such a rearrange- 
ment—the salts are intensely colored and trinitroben- 
zene has been shown to form salts with potassium 
methylate (9)—any formula containing a rearranged 
molecule can hardly be accepted, other than tentatively, 
until more direct experimental evidence is presented. 

The molecular compounds which have received prob- 
ably the greatest attention from a structural point of 
view are the so-called Werner complexes commonly 
consisting of some salt combined with ammonia. 
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Werner represented them, to take a common illustra- 
tion, as: 


NH; N44 
Cu SO, ere 
NH; NH; 


In doing this he introduced a new type of valency, 
which he called ‘“‘subsidiary valence,’ to account for 
the union between the ammonia molecules and the 
metal. The other type of valency, which was called 
“principal valency,” in contrast to the former was an 
ionizing kind. The ‘“‘coérdination number’’ was the 
term used to refer to the number of ammonia molecules 
combined with the metal. Although this new type of 
valency was received with considerable skepticism, 
Werner’s success in preparing different stereoisomers, 
as would be predicted if the groups attached by the 
subsidiary valence occupy definite fixed positions with 
respect to the metal, led to its general acceptance. 

It is interesting to note how readily Werner’s type 
of compound may be interpreted in terms of the elec- 
tronic theory. His principal valency is none other 
than an electrovalency. Ammonia molecules each 
possess a lone pair and as donors might be expected to 
combine by a coérdinate covalency with metals which 
will act as acceptors. The representation as shown 
above becomes electronically: 


NH; NH; 
Net 
Cu 
aN 
NH; NHs; 


a 


SO,-- 


The cations which form this type of compound are those 
of small volume and high charge, as Fajan’s theory (3) 
predicts. In the copper sulfate complex above, the 
copper with a coérdination number of four receives eight 
electrons in agreement with the rule of eight. Strange 
as it may seem, in most cases the coérdination number is 
six which can only mean that the rule of eight is violated 
since here the metal is surrounded by twelve electrons. 

The hydrates are by far the most common molecular 
compounds in the whole domain of chemistry. Due to 
the great variation in the number of water molecules 
present the valence relations become extremely difficult 
to analyze. Because of these difficulties no complete 
discussion will be attempted here.* It appears, how- 
ever, that the main forces involved are those of co- 
ordinate covalences; not only between the water 
molecules, which are usually donors, and the cation, as 
in the Werner ammines discussed above, but also in 
some cases between the water molecules, which may be 
acceptors through one of the hydrogen atoms, and the 
anion. In addition, X-ray evidence indicates that 
water molecules may be present in a crystal due to 
crystalline forces which are of a somewhat different 
nature from those with which atoms or molecules 
unite chemically. 





* For a more complete discussion see N. V. Smpcwick, /oc. 
cit., p. 185. 
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CHELATE COMPOUNDS 


In comparatively recent years two new and somewhat 
unique ring forms have been discovered in the field of 
organic chemistry. The first of these, the so-called 
strainless ring, contains many more than the six car- 
bon atoms predicted for stability according to Baeyer’s 
strain theory. It exists not in disagreement with 
Baeyer’s theory but because its carbon atoms do not 
lie in the same plane. The second of these, the so- 
called chelate ring, is of a size to be expected, but it 
differs from the usual ring forms in possessing a codérdi- 
nate covalent bond. Such rings, although somewhat 
unstable, may be formed within a single molecule pro- 
vided there are donor and acceptor atoms located at 
positions such that the creation of a coérdinate covalent 
bond will produce a stable ring form. The most com- 
mon and stable of these is the six-membered ring con- 
taining two conjugate double links. 

The introduction of the chelate ring was largely due 
to Werner (10) who explained the nature of the numer- 
ous metallic derivatives of B-diketones with this con- 
ception. These compounds, particularly when the 
metal has a valence greater than one, have none of 
the properties of salts. They have low melting points, 
are quite volatile, and dissolve readily in hydrocarbon 
solvents. Werner considered these properties to be due 
to a ring formed by a subsidiary valence between the 
metal and one of the oxygen atoms. The electronic 
representation for such a metallic derivative, 7. e., 
beryllium acetyl acetone, would be: 








CH;—-C—O O—C——CH; 
aa < J. 
HC Be CH 
‘ee ee 
CH;—-C=O0 O=C——CH; 


The resolution of the beryllium, copper, and zinc deriva- 
tives of benzoyl pyruvic acid by Mills and Gotts (11) 
substantiated this view in that this molecule with a 
representation similar to that above should exist in 
optically active forms. 

Another interesting type of chelate compound is 
that formed between mordant dyes and certain metals. 
Werner (10) first called attention to this possibility 
and in justification of this view showed that cloth mor- 
danted with salts such as those of iron or chromium was 
dyed by dipping it into a 8-diketone or B-ketonic ester 
solution. As a matter of fact, an inspection of the 
structure of mordant dyes showed that nearly all of 
them contained a replaceable hydrogen and a donor 
group so located as to form a stable five- or six-mem- 
bered ring. As an example of this class of dyes, the 
alizarin type will serve: 
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Quite recently Morgan and Main Smith (12) have in- 
vestigated thoroughly a large number of chelate metallic 
derivatives of the alizarin type with the result that their 
constitution may now be considered as established. 

A study of the properties of disubstituted benzene 
derivatives has been described by Sidgwick and Cal- 
low (13). Abnormalities appear among the properties 
of these compounds if certain active groups are present. 
These are most marked among phenols if the other 
group is CHO, COOH, or NO». In general, the ab- 
normality consists in the ortho compound being more 
volatile, less miscible (in the liquid state) with water, 
and more miscible with benzene. Since the ortho is 
apparently less polar than the meta and para com- 
pounds, it appears to be again a case of ring formation 
through the phenolic hydrogen. Upon these grounds, 
to take but one abnormal case, the formula 


—O—H 


n= 


| 
O 


has been proposed for o-nitrophenol. Later Sidgwick 
and Bayliss (14) verified this by parachor determina- 
tions and, in addition, the inability of o-nitrophenol 
(15) to form molecular compounds with amines has 
been interpreted in terms of such a chelate structure. 


TWO-ELECTRON BOND AND RULE OF EIGHT VIOLATIONS 


There has been considerable difference of opinion as 
to the abundance of compounds which contain single 
electron bonds. With the possible exclusion of Sug- 
den (3), investigators have maintained that the one- 
electron bond, if it exists at all, would produce an un- 
usual degree of instability in any compound. AI- 
though many formulas containing single electron bonds 
have been advanced, there seems to be no general accep- 
tance of these formulas except in the case of the hy- 
drides of boron. In the case of B.He, it appears that 
two of the hydrogen atoms are attached by one electron 
each. This arrangement finds support in the general 
instability of these compounds, which are decomposed 
by water and give off hydrogen even in the cold. 

Attention has already been called to a violation of the 
rule of eight in the case of Werner’s ammines having a 
coérdination number of six. There seem to be quite 
a few other cases of this kind of a somewhat simpler 
nature. For instance, phosphorus pentachloride, 
which Sugden represented as having two chlorine atoms 
attached by single electrons, has according to the elec- 
tric moment evidence of Simons and Jessop (16) a ten- 
electron shell around the phosphorus atom. The sta- 
bility of sulfur hexafluoride can hardly be accounted 
for satisfactorily unless the sulfur atom be surrounded 
with twelve electrons. According to Sidgwick (17) the 
maximum covalency varies with the position of the 
element in the Periodic Table. With hydrogen it is 2; 


with the elements in the first short period, 4; with those 
in the second short and first long periods, 6; and with 
the later elements it is 8. 
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BLAST LAMP from BUNSEN BURNER‘ 





N AN effort to provide glass- 

blowing facilities for large num- 

bers of students at slight ex- 
pense, an appliance has been de- 
vised to convert an ordinary Bunsen 
burner into a blast lamp. 

This appliance consists essentially 
of a blast tead which slips over 
the top of the conventional burner. 
The head carries within it a tube 
through which air or oxygen may be supplied from any 
convenient source, varying from a pump to a rubber 
balloon. It is most readily constructed of glass, but 
metal is recommended for durability. In the latter case 
it is advisable first to cast a slug of brass or aluminum 
of approximately the shape shown in the cut and 
having over-all dimensions as follows: length, C-E, 
23/,”; diameter at C, 13/1,”; diameter at G, 9/16”. 

A '/s” hole is drilled in the slug from C to within 
about '/,” of E, and a 7/1,” hole is drilled to this point 
through the end at E, thus producing a restricted gas 
outlet. A 7/15” hole is drilled from G to F (a distance of 
about 11/i.”), and a */s” hole from this point to the 
interior of the tube. The resulting shoulder seats the 
Bunsen burner top. A 5/3”, 0.27 u.s.F. thread is then 
cut inside from C to D. 

The air tube is adapted from a piece of 14/15” rod 

















* Presented before the Division of Chemical Education of 
the A. C, S. at the Chicago meeting, September 12, 1933. 
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as follows. (1) A */i.” hole is drilled from A to within 
1/,” of E, and a */g4” hole to this point from E. (2) 
The outside diameter from E£ to D is then turned down 
approximately '/,” with a stream-line tip at E. (3) 
A 5/s”, 0.27 u.s.F. thread is cut from D to B (length, 
approximately 1'/s”); this comparatively long thread 
permits convenient adjustment of the air tip. (4) 
A regulation hose tip is turned on the portion B-A, 
with outside.diameter of !/4” at A. 

The locknut, B-C, is made by cutting a narrow collar 
from a piece of threaded tubing. 

















If the original metal slug be threaded from D to £, 
with the gas outlet at C, the resulting appliance can be 
used for blowpipe analysis, since the flame is then 
directed downward. 





INCREASING the SENSITIVITY 
of CHEMICAL REACTIONS 


EUGENE W. BLANK 


241 N. Ninth Street, Allentown, Pennsylvania 


Several methods of extending the limits of sensitivity 
of various chemical reactions used as tests are discussed. 
The methods are based on the utilization of interface 
phenomena, the centrifuge, the micro-filter, and the 
microscope. A technic for transferring small quantities 
of unknowns to test drops is suggested. 


++ oo oe + 


procedures are characterized by specific and 
sensitive tests that serve to identify even very 
minute quantities of the substance being examined. 
However, there are instances, as in the case of a small 
amount of material in a large volume of solvent, or 
in the case where only minute amounts of material are 


OD prccetres a inorganic and organic analytical 


available, as in micro work, in which the customary. 


tests are not sensitive enough to allow of positive 
identification without further study. In general, the 
limits of sensitivity of the reactions under question 
can be greatly increased by the application of a few 
simple and fundamental principles. 

The methods for extending the limits of sensitivity 
of any particular test reaction take advantage of 
interface phenomena,! the centrifuge, the micro-filter, 
and the microscope. 

Stone* has called attention to the significant fact 
that when a metal enters the molecule of an organic 
compound to form an insoluble, and usually highly 
colored compound, it forms a typical polar molecule.*4 
This polar precipitate, if shaken with a mixture of 
water and an immiscible organic solvent, tends to 
collect at the water-solvent interface, the molecules so 
orientating themselves that the organic portion juts 
into the immiscible solvent phase while the metallic 
portion points toward the water. 

Stone has discussed the procedure to be followed in 
sensitizing an organic precipitant such as dimethyl- 
glyoxime for nickel’ and p-dimethylaminobenzylidene- 
rhodanine® for silver. The test is conducted in the 
usual manner with the exception that when precipita- 





1 Taytor, ‘‘A treatise on physical chemistry,’’ 2nd ed., D. 
Van Nostrand, Inc., New York City, 1931, vol. 2, p. 1636. 

2 Srone, Ind. Eng. Chem., Anal. Ed., 3, 325 (1931). 

3’ Harkins et al., J. Am. Chem. Soc., 39, 354 (1917); 39, 541 
(1917); 42,700 (1920); 43,35 (1921). 

4 Symposium on ‘‘Physical chemistry at interfaces with special 
reference to molecular orientation,” Trans. Faraday Soc., 22, 
433 (1926). 

5 TscHUGAEFF, Ber., 38, 2520 (1905). 

6 Ko.ttuorr, J. Am. Chem. Soc., 52, 2222 (1980). 


tion is complete a few cubic centimeters of ether are 
added and the whole shaken. Allow to stand and when 
the ether has separated examine the water-ether inter- 
face for color or precipitate. This is most readily 
accomplished by holding the tube containing the 
interface against a sheet of white paper when the 
sought-for color or precipitate may be more readily 
discerned. A hand lens may be profitably used in this 
operation. A still more select method is to withdraw 
the interface with a micro-pipet and after centrifuging 
examining under the microscope first covering the tip 
of the micro-centrifuge tube with a drop of immersion 
oil.’ If the test has been carried out in a large volume 
of solvent the interface may be obtained by shaking 
successive, small portions of the solvent with ether 
in a separatory funnel and collecting successive portions 
of the precipitate at the interface. 

An annoying condition that sometimes arises in the 
course of micro work is the formation of an opalescent 
solution instead of a crystalline or amorphous pre- 
cipitate upon adding a test reagent. In such cases 
only excessive centrifuging at high speed will throw 
the precipitate to the bottom of the micro-centrifuge 
tube from whence it can be isolated for subsequent 
work. In such cases the precipitation of aluminum 
hydroxide on the surface of the test solution will have 
the effect of concentrating the test precipitate as the 
aluminum hydroxide settles. The point of the tube 
can be examined with a low-power objective after 
covering the tube with a drop of immersion oil to 
eliminate the heavy refraction image of the tube. 
The aluminum hydroxide usually forces the precipitate 
ahead of itself as it settles, concentrating the pre- 
cipitate in the point of the tube. The fact that the 
aluminum hydroxide is rather inert chemically allows 
of the subsequent isolation of the precipitate if this is 
desired. 

Oil separation is particularly applicable to the 
isolation of minute sulfide precipitates. The test 
solution is vigorously shaken with a small quantity of 
mineral oil and when the latter has separated the oil- 
water interface is examined for traces of the precipi- 
tate by holding against a white background. Per- 
sistent emulsions are broken up by adding a drop or 
two of formaldehyde. 

Of the mechanical aids to sensitization of a chemical 
reaction the centrifuge has already been discussed. 


7 CHAMOT AND Mason, ‘‘Handbook of chemical microscopy,”’ 
vol. 2, John Wiley & Sons, Inc., New York City, 1931. 
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The use of the micro-filter hardly requires detailed 
explanation.* By filtering a large volume of the test 
solution through a micro-filter traces of precipitate are 
retained and concentrated on a small filter after which 
it can be examined and the precipitate further tested 
if desired under the microscope. 

If in preparation for a test a large volume of solvent 
has been evaporated, before adding the precipitating 
reagent prior to the use of the micro-filter, the solution 
of the unknown should be filtered, since otherwise the 
micro-filter will be obscured with all manner of foreign 
material and the precipitate will be difficult if not 
impossible to examine. 

The writer, has found that when dealing with an 
extremely small volume of an original solution that is 
to be tested it is a good plan to preserve it in a con- 
cave microscope slide covered with a cover glass to 
prevent evaporation and the entrance of extraneous 





8 Emicu, ‘‘Lehrbuch der Mikrochemie,” Munich, 1926, pp. 
30-6. 
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material. Separate drops of the testing reagents are 
placed on other slides and the unknown transferred to 
these reagents by means of small triangles of filter 
paper. These triangles as the writer prepares them 
have sides approximately one-half centimeter in length. 
One corner of the triangle is inserted in the solution of 
the unknown while being held with a forceps and an 
opposite corner is dipped into the test reagent. By 
capillary attraction the solutions rise on the paper 
until they come into contact giving rise to the char- 
acteristic reaction at their point of meeting. The 
utility of a triangular shape of the filter paper is that 
there is always a dry corner by which to hold it in the 
liquid. Regulation of the capillary rise is readily ac- 
complished due to the small ‘‘throat’”’ of paper in the 
liquid. A marked economy of the unknown is effected 
and this is of prime importance when only a small 
speck of material is available for preparing the solu- 
tion of the unknown, as in the case of particles of 
foreign material in paper. 





PREPARATION of METHYL or 
ETHYL IODIDE from IODOFORM 


R. H. KIMBALL 


University of New Hampshire, Durham, New Hampshire 


HE iodoform which accumulates in many labora- 

tories as a product of student preparations can be 

easily converted to methyl iodide or ethyl iodide 
by the following procedure. 

Three hundred forty grams of KOH pellets is added 
to 1 liter of 95% ethyl alcohol and refluxed for a short 
time; 400 grams of iodoform is added to the hot solu- 
tion in small portions. A vigorous reaction sets in 
after each addition, the remaining KOH dissolves slowly 
and an abundant crystalline precipitate separates. 
The mixture is then refluxed for 3 hours, 1 liter of water 
is added and about the same amount of alcohol is 
distilled off. The residue is cooled, acidified with dilute 
sulfuric acid, and filtered to remove considerable solid 
matter, which is washed free from iodide with cold water. 
The filtrate which should have a volume of about 2 
liters is made alkaline with NaOH and heated on the 
steam bath. Several pieces of porous tile are added and 
about 520 grams of commercial dimethyl sulfate* run 





* Dimethyl sulfate is poisonous, and corrosive on the skin. 
Apparatus wet with it should be treated with dilute ammonia 
which quickly destroys the substance. 

1R. F. WEINLAND AND Kart ScuHmIp, ‘‘Ueber eine einfache 
Bildungs- und Darstellungs- Weise von Halogenalkylen,’’ Ber., 
38, 2327 (1905). 


in fairly rapidly,! while methyl iodide distils over 
through an efficient condenser and is collected under 
ice water. 

When no more methyl iodide is evolved, the product 
is separated from the water and run into a dry separa- 
tory funnel. Thirty cc. of concentrated sulfuric acid is 
added and shaken carefully but thoroughly with the 
crude halide; the funnel is cooled under the tap to remove 
the heat developed. The washing is repeated with a 
second portion of acid, then with a little sodium carbon- 
ate solution, the product dried over calcium chloride 
and distilled. The yield of colorless product boiling 
within 0.5° is about 336 grams or 78%. 

Ethyl iodide can be made by the same procedure, sub- 
stituting 1040 to 1060 grams of commercial diethyl 
sulfate. The solution is boiled gently with a flame 
while running in the diethyl sulfate to distil over the 
ethyl iodide. The crude product should be shaken four 
times with 30 cc. portions of concentrated sulfuric acid, 
to remove the somewhat larger amounts of impurities 
present. The yield is about 380 grams or 80% of color- 
less product boiling within 0.3° range. 

Disregarding the iodoform, the cost of 100 grams of 
methyl iodide is 43 cents and ethyl iodide 57 cents by 
this procedure. 








LECTURE DEMONSTRATION 
of the ARC PROCESS 


PAUL ARTHUR anp CECIL V. KING 


Washington Square College, New York University. New York City 


NE of the most important commercial methods 
for the fixation of atmospheric nitrogen is the 
are process. Air is circulated through an arc 

between carbon electrodes and a part of the nitrogen 
and oxygen combine to form nitric oxide. 


Ne + O, + energy == 2NO (1) 

The nitric oxide, when cool, unites with more oxygen 
2NO + O, == 2NO, (== N:0,) (2) 

and the nitrogen tetroxide dissolves in water to form 


various products according to the temperature of the 
water. 


2NO; + H,O —> HNO; + HNO; \ (3) 
3 


3NO, + H:.O —> 2HNO; + NO 
O. + 4NO. + H.O —> 4HNO; 


The lecture-table demonstration for this reaction as 
usually described involves passing a discharge from an 


induction coil across 


a spark gap between ee 


By passing air through and around an arc between 
iron electrodes we have been able to improve the demon- 
stration to a point where the formation of nitrogen 
tetroxide, or nitric and nitrous acids, is plainly visible 
even to a large class in a few seconds after the arc is 
struck. The apparatus (shown in the diagram) is 
inexpensive, is very easy to make and is highly satis- 
factory. Two small iron rods, inserted through holes 
in cork stoppers, are mounted in a glass tube 2 inches 
in diameter and 8 inches long; one rod should slide 
easily and is fitted with a cork or wooden handle. 
Wires are attached to the rods by means of spring 
clamps and to the 110-volt p.c. line through a 10- to 20- 
ohm resistance (an electric heater coil serves admirably). 

The arc is struck 
by touching the 
electrodes and 
quickly drawing the 
ends about 1/4 inch 
apart; then air is 











two wire electrodes in 


blown or drawn 














a flask containing air; 
the reaction which has an 
occurred is detected 
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fumes which appear 
(NO,) or the change lide 
in color of moistened 

blue litmus paper hung in the flask.’ 

We have found these methods unsatisfactory be- 
cause of the time required to accumulate enough re- 
action products to be seen in a large classroom, unless 
an exceptionally large induction coil capable of giving 
a long, hot spark is available. A hotter and bigger 
flame is desirable, because reaction (1) is slow below 
2000°C. and produces little nitric oxide even at this 
temperature. The following tabulation? shows the 
equilibrium data for the reaction: 

£°C. 1227 1727-2227, 2627S 2927 = 3927 


% of Ne + 
*combined?? 9-1 0.6 1.8 3.2 4.2; 10.0 





1H. F. Davison, “Collection of chemical lecture experiments,”’ 
Chemical Catalog Co., New York City, 1926, p. 108. 

Kitey, J. Cue. Epuc., 7, 2167 (1930); Sumer AND Brock, 
tbid., 7, 2169 (1930); WiLLraMs, ibid., 8, 462 (1931); Doane, 
tbid., 9, 1113 (1932); Oxsson, tbid., 9, 1829 (1932); THrEssEN, 
thid., 10, 497 (1933); HazLeHurst, ibid., 10, 639 (1933). 

2 LATIMER AND HILDEBRAND, ‘‘Reference book in inorganic 
chemistry,’’ The Macmillan Co., New York City, 1929, p. 162. 
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Tn a ber, the bent glass 
CTT LLL tubes serving to 
: pass it through and 
7 around the flame. 


meetradte If the gases are 
passed into a large 
flask with a white background, the brown fumes can be 
seen plainly even from some distance. The gases can 
be bubbled through a very weak solution of alkali 
colored with phenolphthalein, or through a starch- 
iodide solution. In the latter case iodine is liberated 
by the nitrous acid formed as the NO, dissolves in 
the cold solution. For small classes the gases can 
be bubbled through a little water for a few minutes 
and the ‘“‘brown ring”’ test for nitrates demonstrated. 

Carbon electrodes, although used commercially, 
cannot be used in this apparatus because too much 
of the available oxygen is converted into carbon di- 
oxide. The oxide should be cleaned from the tips of 
the iron electrodes after each run to enable easy striking 
of the arc for the next run. 

If desired, the tube containing the electrodes may be 
mounted in spring brass clamps on a small board or 
suitable stand. It should, however, be easily removable 


for cleaning. 
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APPARATUS jor DETERMINATION 
of BOILING POINT-COMPOSITION 
CURVES of MISCIBLE LIQUID PAIRS 


E. M. COLLINS, J. O. MORRISON, anv J. R. STONE 


Williams College, Williamstown, Massachusetts 


The requirements of an apparatus for the determination 
of boiling point-composition curves of binary liquid pairs 
are discussed together with a study of the apparatus which 
have been used for this purpose and their suitability in an 
experiment of this nature in a course in physical chem- 
istry. It is pointed out that many of the apparatus used 
in such an experiment do not meet these requirements. 
A description of an easily constructed apparatus which 
meets most of these requirements is given and its operation 
and application are discussed. 


+e eee + 


N EXPERIMENT which is suitable for a course 
in physical chemistry is the study of a binary 
liquid mixture by the determination of the boiling- 

point curves showing the composition of the liquid and 
vapor phases, the residue and distillate, respectively, 
which are in equilibrium with each other at a given 
boiling point. Experiments of such a nature together 
with a description of the apparatus used are described 
by Bennett? and Brown’ and are included in the 
laboratory manuals of Mack and France,‘ Daniels, 
Mathews, and Williams,> and Fajans and Wiist.® 
For this experiment an apparatus is required which will 
permit the collection of samples of residue and distillate 
in equilibrium with each other and yet one which is 
simple and easy to construct. 

Although it is well known that in determining the 
boiling points of solutions the thermometer should be 
surrounded by the solution and not by the vapor, most 
of the directions given for this experiment call for the 
thermometer to be suspended in the vapor. The tem- 
perature which is thus recorded is therefore lower than 
that of true equilibrium between the liquid and vapor. 





1G. W. Bennett, “A laboratory experiment on the boiling 
point curves of non-azeotropic binary mixtures,’’ J. CHEM. Epuc., 
6, 1544-9 (Sept., 1929). 

2 F. J. Sopay anp G. W. BENNETT, ‘‘Laboratory experiments 
on the boiling point curves of binary mixtures,”’ ibid., 7, 1386-40 
(June, 1980). 

3 FE. H. Brown, ‘‘An apparatus for maximum and minimum 
boiling-point study,” ibid., 9, 1114 (June, 1932). 

4E. Mack anp W. G. Francs, “Laboratory manual of 
physical chemistry,” D. Van Nostrand Co., New York City, 
1928, pp. 78-80. 

5 F, DANIELS, J. H. MATHEWS, AND J. W. WILLIAMS, “‘Experi- 
mental physical chemistry,’’ McGraw-Hill Book Co., Inc., New 
York City, 1929, pp. 57-61. , 

6 K. FaJANS AND J. Wust, trans. by B. Topiey, “A textbook 
of practical physical chemistry,” E. P. Dutton & Co., New York 
City, 1930, pp. 36-41. 


To have the thermometer surrounded by the boiling 
solution introduces an error due to superheating unless 
precautions are taken to prevent it. Superheating is 
avoided in the apparatus of Fajans and Wiist® since 
it is especially constructed so that alternate layers of 
boiling solution and vapor bubbles are pumped auto- 
matically from a boiling chamber against the bulb of 
the thermometer which is contained in a second cham- 
ber. This is essentially the principle of the Cottrell 
pump which is often used to prevent superheating when 
determining the boiling points of solutions. The ap- 
paratus of Fajans and Wiist, although it also embodies 
a convenient device for the collection of samples of 
distillate, nevertheless, is not particularly simple and 
probably could not readily be made by the average 
amateur glass-blower. Smyth and Engel’ in their 
study of vapor pressures of binary mixtures avoided 
superheating by internal electric heating with the 
thermometer immersed in the main body of the liquid. 
But again, their apparatus is more suitable for re- 
search than for classes in elementary physical chemistry. 
Young*® obviated superheating to a large extent in 
his determinations of vapor pressures of binary mixtures 
by encasing the thermometer in a glass tube coaxial with 
the neck of the distilling flask. This tube was open at 
the lower end and had a hole blown in it just below the 
cork which. held it in position at the upper end. The 
tube was adjusted so that its lower end was 3 mm. 
above the level of the liquid when cold, and the bottom 
of the thermometer bulb was about level with that of 
the tube. When the liquid was boiled it rose in the 
tube thus bathing the bulb of the thermometer with 
bubbles of liquid and vapor more nearly in equilibrium 
with each other and with superheating at a minimum. 
This tube, furthermore, prevented the cool liquid re- 
turning from the reflux from coming near the thermo- 
meter, and the amount of liquid which condensed on 
the thermometer and inner walls of the tube was ex- 
ceedingly small. 

Samples of the liquid and vapor phases must be ob- 
tained which are at equilibrium with each other at a 

7C. P. SmytH AND E. W. ENGEL, ‘‘Molecular orientation and 
partial vapor pressures of binary mixtures. I. Systems com- 
posed of normal liquids,” J. Am. Chem. Soc., 51, 2647 (Sept., 
a: Youne, “‘Distillation principles and processes,’’ Macmillan 
& Co., Ltd., London, 1922, p. 45. 


9S. Youne, ‘‘Vapor pressures and boiling points of mixed 
liquids. Part I,’’ J. Chem. Soc., 81, 772 (1902). 
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known boiling point. Samples of the residue may be 
withdrawn from the distilling flask by means of a pipet 
or forced out by air pressure in a device used by Mack 
and France‘ and Bennett.'! It is, however, the method 






FIGURE 1 


of obtaining samples of the 
distillate which causes the 
greatest concern. Collection 
of samples from the end of an 
ordinary condenser in the dis- 
tilling position (cf. Mack and 
France,* Daniels,’ Bennett?) 
has the objection that the 
sample is not in true equilib- 
rium with the residue because 
of the great distance from the 
flask and consequent time-lag. There is also oppor- 
tunity for fractionation of the vapor phase as it con- 
denses in heating the colder portions of the apparatus. 
To avoid such fractionation in any apparatus it is 
best to have the condenser and still-head as short as 
possible. Fractionating columns are therefore out of 
the question although Daniels’ suggests their use. 
Prevention of the loss of heat from the still-head by the 
use of heat shields helps to prevent premature conden- 
sation and subsequent fractionation of the vapor phase. 
Recourse to ordinary distillation causes the composition 
of both distillate and residue and, in consequence, the 
boiling point to change so rapidly that the temperature 
corresponding to a pair of samples is only approximate 
and often varies over several degrees. The use of a 
condenser in the reflux position, however, permits 
equilibrium conditions between the two phases to be 
maintained constant as long as desired.*%7 

To collect samples of distillate when a reflux conden- 
ser is used presents an interesting problem. The reflux 
condenser in Brown’s apparatus* has a special inner 
tube with a cup at the lower end in which the distillate 
may collect and from which it may be withdrawn by 
means of apipet. The apparatus of Fajans and Wiist® 
has a reflux condenser joined to the rest of the apparatus 
by a ground-glass joint about which the condenser may 
be swung to a distilling position for the collection of 
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samples. But, as previously mentioned, this apparatus 
is not easily constructed and as a description of Brown’s 
apparatus had not yet been published we set about to 
devise one which was suitable. 

The result was an apparatus (Figure 1) which we 
believe to be quite simple but which meets the impor- 
tant requirements mentioned above. It is made from 
a 200-cc. pyrex distilling flask and a plain condenser 
with pyrex inner tube. It is similar to the apparatus 
of Young*? in that the condenser is sealed to the dis- 
tilling flask in a reflux position. The chief difference 
is that it has an opening at A for the collection of 
samples of distillate. The opening at A should not be 
greater than 4 mm. A glass capsule is attached at 
A by a ground-glass connection. The making of this 
ground-glass joint is not difficult but a small cork 
stopper may be substituted. The use of the Young 
thermometer tube described above, together with 
boiling chips, prevents superheating. A thermometer 
graduated in '/; degrees is recommended. 

When equilibrium has become established as evi- 
denced by a constant temperature the capsule is re- 
moved and a few drops of the refluxing distillate are 
collected at A in a test-tube. An electric heater is 
recommended to minimize any danger of fire. (A du- 
rable and inexpensive electric heater may be purchased 
under the name ‘Marshmallow Toaster’ from the 
Angelus-Campfire Company.) The composition of the 
boiling mixture may be changed by distilling through A 
and, to keep the volume of the liquid constant, the 
addition of an approximately equivalent amount of 
the component toward which the residue is changing. 
Analyses of the samples are made by means of an Abbé 
refractometer. 

We have constructed several of these apparatus and 
they have been used by our class in physical chemistry 
for the past two years in the study of the system, 
benzene-methyl alcohol. This experiment has proved 
very popular among the students and the smooth curves 
(Figure 2) and good results invariably obtained have 
added to their satisfaction. 
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MERCURY SWITCHES for 
CONDUCTIVITY EXPERIMENTS 


EUGENE W. BLANK 


241 N. Ninth St., Allentown, Pennsylvania 


This paper describes the construction of mercury 
switches of the two-way, three-way, and reversing types. 
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N CONDUCTIVITY and electromotive force ex- 
I periments frequent recourse is had to the so-called 

“commutators” which are simply improvised switches 
constructed of wax or wooden blocks with open 
pools of mercury to serve 
as contact points.1. Switch- 
ing is done by inserting 
amalgamated wires into the 
appropriate mercury con- 
tacts. Such switches have 
several disadvantages, 
among which may be men- 
tioned fouling and spilling 
of the mercury. 

An improved switch may 
be readily constructed by 
sealing platinum electrodes 
into appropriately shaped 
glasstubes. In this manner 
the switch is effectually in- 
sulated and there is no 
danger of mercury loss. 
Figure 1 shows a simple 
two-way switch, while Fig- 
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FIGURE 1.—Two-way 
SwITcH 


Current is distributed over 
either of two paths depend- 
ing upon whether the switch 
rests on edge A or B. 


ure 2 shows a reversing switch. 
Figure 3 illustrates a three-way 
switch. 

The two-way switch is constructed 
of a section of pyrex glass tubing 
0.75 cm. in internal diameter and 
from 6 to 8 cm. in length. The 
platinum electrodes are soldered to 
flexible connections and the switch 
is mounted on a square of Transite. 
The Transite is mounted on a 
wooden block so that it may stand 
on either of the edges A or B. 

The reversing switch is con- 
structed in the same general manner 
and mounted on a Transite rec- 
tangle which in turn is mounted 
upon a wooden block so that the 
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FIGURE 2.—RE- 
VERSING SWITCH 


Current is re- 
versed by turning 
switch so as to 
stand either on end 
A or B. 





1 FInDLAY, “Practical physical chemis- 
try,” 4th ed., Longmans, Green & Co., 
New York City, 1923, pp. 152, 196. 


switch may stand on edge A or B. The block should 
be of sufficient thickness to prevent the weight of the 
switch and connecting wires from overturning it. 

Figure 3 shows the construction of a three-way 
switch. 
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FIGURE 3.—THREE-WAY SwITCH 


Current is distributed in any of three 
paths by turning switch so as to stand on 
edges A, B, or C. 


The lives of these switches may be materially length- 
ened by filling with an inert gas (e. g., Nez) before 
sealing. To accomplish this a side arm must be sealed 
on the tube. Dry Ne is passed through for some min- 
utes before sealing the electrode farthest from the point 
of entry of the Ne. The switch is completed by sealing 
off the side arm. 

The mercury used for filling these switches should be 
pure and clean.” 





2 Tbid., p. 192. 





Human happiness depends chiefly upon having some 
object to pursue, and upon the vigor with which our. 
faculties are exerted in the pursuit.—Joseph Priestley 
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CHICAGO MEETING 


MINUTES OF THE EXECUTIVE COMMITTEE OF THE DIVISION OF CHEMICAL EDUCATION 
OF THE AMERICAN CHEMICAL SOCIETY, CHICAGO, SEPT. 11, 1933 


Present: Owen L. Shinn, Norris W. Rakestraw, Otto 
Reinmuth, Miss Virginia Bartow, Wilhelm Segerblom 
(by invitation). 

The following report of the Treasurer was presented 
and approved, and held for final action at the Business 
Session of the Division: 


REPORT OF THE TREASURER OF THE DIVISION OF CHEMICAL 
EDUCATION FROM MARCH 20, 1933, TO SEPTEMBER 1, 1933 





Sept. 1, 1933—Cash in bank $124.63 
March 20, 1933—Cash in bank $384 .36 
Receipts—Second Assessment—March 23 12.00 
April 8 5.00 
April 26 2.00 
Total $403 .36 

Expenditures—V. Bartow, postage and sending second 
assessment 13.29 

R. E. Bowman for committee on non- 
collegiate type working fund 6.75 

R. A. Baker, expenses incurred in the 
transfer of the office of secretary 37.13 

L. C. Newell, transfer of the journal to 
Mack Printing Co. 123 .20 

R. E. Rose, meeting in New York on 
Oct. 10, 1932 16.10 

W. Segerblom, meeting in New York on 
Oct. 10, 1932 ; 27.12 

Sd 





L. C. Newell, office expenses 25.96 
N. W. Rakestraw, office expenses 25.00 
Total $274.55 
Check returned for bank holiday 4.00 
Tax on checks (includes one previous 
check in March) 18 
Expenditures plus returned check and 
tax $278 .73 
Receipts less total expenses 124.63 
Cash in bank, September 1, 1933 124.63 


Respectfully submitted, 
VIRGINIA BARTOW 
Treasurer 


Attention was then given to the proposed amend- 
ments to the Constitution of the Division. Two 
changes were proposed: one to Art. II, Sec. 4, to state 
more clearly the privileges of associate members; and 
one to Art. III, Sec. 2, to provide for one member-at- 
large to be elected to the Executive Committee. With 
these changes, the amendments were approved and held 
for the Business Session of the Division. 


Adjournment. 
Norris W. RAKESTRAW, 
Secretary 


MINUTES OF THE ANNUAL MEETING OF THE DIVISION OF CHEMICAL EDUCATION 
OF THE AMERICAN CHEMICAL SOCIETY, CHICAGO, SEPTEMBER 12, 1933 


About fifty members were in attendance. The read- 
ing of the minutes of the last meeting was dispensed 
with in view of their publication in the JouRNAL. The 
treasurer’s report was presented with its approval by 
the Executive Committee, and was adopted without 
comment. 

A summary of the report of the Committee on Chemi- 
cal Libraries was read by Professor Noyes. There was 
discussion concerning its publication and distribution. 
The Committee was commended for its excellent work, 
and it was moved, seconded, and carried that the Com- 
mittee be discharged as soon as its report is published. 

A brief report was read from the Committee on 
Mathematics for Chemists and the Committee dis- 
charged. The Committee on Correlation of High- 
School and College Chemistry reported that it was still 
making progress. A short account of the recent work 
of the Committee on Minimum Equipment was given 
by the Chairman, A. C. Jensen, and the codperation 
of the members of the Division asked. 

’ An important item of business was the consideration 


of several amendments to the Constitution, which had 
been duly sent to all active members two months in 
advance. The most important changes proposed in 
these amendments were the establishment of a Board of 
Publication, to have charge of the publication of the 
JOURNAL OF CHEMICAL EpucaTION; provision for regu- 
lar dues from both active and associate members; and 
provision for a member-at-large on the Executive Com- 
mittee. To be in keeping with other rules of the Society 
the name ‘‘Constitution” was changed to “By-Laws.” 

The proposed amendments were adopted, and the By- 
Laws, as amended, are included as a separate part of this 
report. (See pp. 753-4.) 

The following officers were elected: Chairman, R. A. 
Baker; Vice-Chairman, M. J. Ahern; Secretary, N. W. 
Rakestraw; Member-at-large of the Executive Committee, 
W. Segerblom. The term of the present treasurer still 
has two years to run. 


Adjournment. 
Norris W. RAKESTRAW, 


Secretary 
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BY-LAWS OF THE DIVISION OF CHEMICAL EDUCATION 
OF THE AMERICAN CHEMICAL SOCIETY 


Approved by the Council of the American Chemical Society at Its Chicago Meeting, September 13, 1933 


ARTICLE I—NAME AND OBJECTS 


Section 1—This Division shall be known as the 
Division of Chemical Education of the American 
Chemical Society. — 

Section 2.—The chief object of this Division shall 
be to offer a common meeting ground for those in- 
terested in different branches of chemical education, 
and to codperate with other divisions and organiza- 
tions, particularly with state or regional associations 
of chemistry teachers. 

The Division may, through special committees, con- 
duct investigations and studies relating to any phase of 
chemical education. 

The Division may, at its discretion, publish a journal 
called the JOURNAL OF CHEMICAL EDUCATION, which 
shall be the official organ of the Division. The entire 
management of this Journal, including the appoint- 
ment and replacement of the Editor, shall be in the 
hands of a Board of Publication, consisting of the 
Chairman and Secretary of the Division and three other 
members to be chosen by the Executive Committee for 
terms of three years. 


ARTICLE II-—-MEMBERSHIP 


Section 1.—There shall be two classes of members: 
active and associate. 

Section 2.—Active membership shall be open only to 
members of the American Chemical Society. 

Section 3.—Associate membership shall be open to 
any person who is interested in the objects of the 
Division and who is not a member of the American 
Chemical Society. 

Section 4.—Associate members shall be entitled to 
attend the meetings of the Division and take part in the 
discussion of the papers only under the conditions es- 
tablished by the rules of the Society for non-members. 
They shall not have the power of voting, holding office, 
or reading papers before the Division. . They shall have 
access to all committee reports and other investigations 
carried out by the Division but shall not be entitled to 
any other privileges of the American Chemical Society. 

Section 5.—Annual dues for active members shall 
be one dollar; for associate members, two dollars. 

Section 6.—Any person qualified under these By- 
Laws may become an active or an associate member of 
the Division by formally announcing his intention in 
writing to the Secretary and indicating his willingness 
to abide by the rules of the Division. The Secretary 
shall thereupon notify him of his enrolment as a mem- 
ber. 


ARTICLE III—OFFICERS , 


Section 1.—The officers of the Division shall be a 
Chairman, a Vice-Chairman, a Secretary, a Treasurer, 


and Executive Committee, and the Editor of the 
JOURNAL OF CHEMICAL EDUCATION. 

Section 2.—The Executive Committee shall consist 
of the other officers, the two immediate past Chairmen 
of the Division, and one member-at-large, to be elected 
by ballot at the annual meeting. 

Section 3.—At the first session of the Division during 
the annual meeting of the American Chemical Society, 
the Chairman shall appoint, from the members present 
at the meeting, a committee of three to nominate offi- 
cers, except the Editor of the JouRNAL OF CHEMICAL 
EDUuCATION, for the ensuing year. At the last business 
meeting of the Division this committee shall present its 
list of nominations. 

Section 4.—All officers, except the Editor of the 
JOURNAL OF CHEMICAL EpucaTION, shall be elected 
by ballot of the active members present at the last 
session of the Division during the annual meeting of the 
American Chemical Society, and shall take office at the 
close of the meeting at which they were elected. They 
shall hold office for one year or until their successors are 
elected, except the Secretary and Treasurer, who, if re- 
elected, shall hold office for three years. 

Section 5.—Vacancies in any office, except that of 
Editor of the JOURNAL oF CHEMICAL EDucATION, 
which may occur between meetings, shall be filled by 
the Executive Committee, but only for the unexpired 
terms. 

Section 6.—It shall be the duty of the Chairman to 
represent the Division in the Council of the American 
Chemical Society, to preside at the meetings of the Di- 
vision and of its Executive Committee, and to execute 
their decisions and recommendations. 

Section 7.—In the absence of the Chairman, his 
duties, except that of representing the Division in the 
Council, shall be performed by the Vice-Chairman. 

Section 8.—It shall be the duty of the Secretary to 
arrange the program for the ‘meetings, to record and 
preserve the minutes and proceedings of the Division 
and of the Executive Committee, to keep a list of the 
active and associate members, to send members such 
notices as may be required, to transmit to the Secre- 
tary of the American Chemical Society the names of all 
officers and committees of the Division within three 
weeks of their election or appointment, and to notify 
the Secretary of the American Chemical Society 
of any changes in officers and committees during the 
year. 

Section 9.—It shall be the duty of the Treasurer to 
receive all contributions and collect all dues from mem- 
bers, to have charge of the funds of the Division, and 
to make such disbursements therefrom as may be 
authorized by the Executive Committee and formally 
approved by the Chairman and Secretary. 
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Section 10.—The Executive Committee shall man- 
age the affairs of the Division and perform any other 
work delegated by the Division. Funds of the Di- 
vision shall not be spent nor expense incurred by any 
officer or committee unless the money is appropriated 
or the expense authorized in advance by the Executive 
Committee. Requests for such appropriation or 
authorization must be made to the Executive Com- 
mittee in time to permit necessary action. 


ARTICLE IV——-MEETINGS 


Section 1.—There shall be a meeting of the Division 
at each general meeting of the American Chemical 
Society. The reading of papers and discussions shall 
constitute the major part of the program. 

Section 2.—The business meetings of the Division 
shall come at such times as the Chairman and Secre- 
tary shall select, and the order of business shall be sub- 
stantially as follows: 

Reading of Minutes 

Report of Secretary 

Report of Treasurer 

Report of Executive Committee 

Reports of special committees and discussion 
Miscellaneous business 


ARTICLE _V—AMENDMENTS 
Section 1.—Amendments to these By-Laws shall be 
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made only at the annual meeting of the Division by a 
two-thirds vote of the active members present, pro- 
vided one month’s notice of the proposed amendment 
has been given, either by publication in the JoURNAL OF 
CHEMICAL EpucATION or in writing to the active mem- 
bers of the Division. 

Section 2.—Amendments to the By-Laws to be 
effective must be approved by the Council of the 
American Chemical Society. 


* * * 


The Section of Chemical Education was organized 
September 8, 1921, at the New York meeting of the 
A. C.S. 

The Section became a Division of the A. C. S. Septem- 
ber 8, 1924, at the Ithaca meeting of the Society. 


Chairmen 


Sept., 1921-Apr., 1924 
Apr., 1924-Sept., 1924 
Sept., 1924-Aug., 1925 
Aug., 1925-Sept., 1926 
Sept., 1926-Apr., 1928 
Apr., 1928-Sept., 1929 
Sept., 1929-Sept., 1931 
Sept., 1931-Sept., 1932 
Sept., 1932-Sept., 1933 
Sept., 1933- 


Edgar F. Smith 
Neil E. Gordon 

W. A. Noyes 
Wilhelm Segerblom 
Bryant S. Hopkins 
William McPherson 
J. N. Swan 

Owen L. Shinn 
Lyman C. Newell 
Ross A. Baker 





The House at 2, formerly 48, Blandford Street, Where F araday Worked for 
George Ribeau, the Bookseller, from 1804 to 1812 











career. 
of his eventual employment at the Royal Institution needs no 
repetition here, except that emphasis might be laid on the con- 
nection between this unpretentious old house and the marvelous 
career that had its roots here. 
tablet. 


For the first year Faraday ran errands and delivered papers, but 
his faithful services then secured him an apprenticeship to the 
trade of bookbinding and selling. Although this calling was not to 
his liking, he made good use of the opportunities it afforded him— 
access to books and contact with intellectually minded persons— 
and so this bookstore played an important part in orienting his 


The well-known story of his first contact with Davy and 


The house is marked with a 
The store is now occupied by a green grocer or fruiterer. 


(Contributed by Ralph E. Oesper) 











MATHEMATICAL PROBLEM PAGE 


Directed by PAUL C. CROSS 


Gates Chemical Laboratory, California Institute of Technology, Pasadena, California 


PROBLEMS 46-50 


SOLUTIONS of the following problems will be 
given in the January issue. 


46. Show that (dx2/x2)/(dxi/x1) = a, where a is a 
constant, if the rate of change of each substance 
x, and x2 follows the first order law, dx/dt = —kx. 
(k, the specific reaction rate, is a constant char- 
acteristic of the particular system.) 


47. Assuming a = (dx2/x2)/(dxi/x1) to express the 
ratio of the rates of electrolysis of H? and H! from 
water in which the amounts present are x2 and 1, 
respectively, show that 


(x1 /21°)* = 
where 2° and x,° are the amounts initially present. 
48. Let b be defined as 
b = (41 + %2)/(x1° + 2°). 


b is the fraction of the total hydrogen (or water) 
which remains unelectrolyzed. Derive the relation 


X2/ (a1 + %2) = [x2°/b(21° + 22°) (x1 /a1°)* (1) 
from the relation x2/x2° = (x1/x1°)*. 
49. Let Ny = x,/(%1 + %2) 
and No = x2/(x%1 + x2). 


X2/; X2°, 


50. 


(The N’s represent the atomic fractions of the 
isotopes in the total hydrogen.) Show that Eq. 
(1) of problem 48 may be reduced to 


bi-* = (N2°/N2)(Ni/M,°)*. 


Suppose that 1 part in 5000 of the hydrogen in 
ordinary water is H? (Ne = 0.0002), and that a 
has the value 0.2 under the conditions with which 
we are concerned. 

(a) What is the proportion of H? in the hydrogen 
in a liter of water which remains from the 
electrolysis of 100 liters? (Simplify the calcu- 
lation by using the approximation N,/N,° = 
1.) 

Suppose the reduction of the 100 liters had 
been carried out as follows: 50 liters elec- 
trolyzed until the residue was 1 liter then 50 
more liters added and the electrolysis con- 
tinued until the residue was 1 liter. What 
proportion of the hydrogen in the final residue 
is H?? [Use the same approximation as in 
part (a).] 

Let 5 cc. of water in which 60% of the hydro- 
gen is H? be reduced to 1 cc. by electrolysis. 
Show by numerical calculation that over 99% 
of the hydrogen in the residue is H?. 


(b) 


(c) 


SOLUTIONS OF PROBLEMS 41-45 
[J. Cuem. Epuc., 10, 706 (1933) ] 





Pos Be 5 Me. 
aa Po N+n 
Clearing of fractions, 
poN + pon — pN — pn = pon. 
po = p(N +n). 
bp = pN/(N + n) = poy. 
42.  ‘/amv? = Ee = Ve/300. 
v = (Ve/150 m)'/2. 
dX = h/m(Ve/150 m)'/: cm. 
= (150)'/2-h-108/(meV)'/: Angstroms. 
” 12.25-6.55-10—27-108 1 12.2 











~ (:10-%8.4.774-10-) 2 VR Wh Angstroms. 
P?,,-P*g, __ (0.3)?-(0.2)8 
“a &« - = 0.2. 
Piasps (0.7)? 
0h Mn «5 
P2,.5s a A2B3 . . 


Pas; = 5'/2 = 2.24 atm. 


44, 


45. 
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0.0539 _ AH(308.1 — 298.1) 
0.0180  4.576-308.1-298.1 


AH = 20,000 cal. 





log 


Ks __ 20,000(318.1 — 308.1) _ log Ky — (—1.2685). 
0.0539 4.576-318.1-308.1 








log 


log Ks; = 0.4485 — 1.2685 = —0.8200 = 1.1800. 
K, = 0.151. 

Molar refraction of C,HgI is 

(2-2.501) + (5-1.051) + 14,12 = 24,377. 


oes ae 24.377-1.933 
n? +2 155-97 


0.6979 n? = 1.6042. 


= 0.3021. 





n = 1.516. 








CORRESPONDENCE 


LABORATORY ADMINISTRATION 


faster, but should not be encouraged to sacrifice quality 
for quantity. Nor do we believe that such a student 
should be penalized for his failure to complete a given 


To the Editor 
DEAR SIR: 

It is gratifying to chemistry students to hear of some 
real organization taking place in the administration of 
laboratory procedure as described by Professor E. F. 
Degering in the June issue.* I should like to ask Mr. 
Degering if a student has an accident and cannot com- 
plete his experiment in the assigned period or if a 
student is exceptionally slow, if he is allowed another 
period. If not, upon what basis is the student marked 
for that day? 

In regard to Miss Patten’s question on page 413 of 
the July Journal.' I prevent students from stealing 
records by keeping the laboratory manuals always in 
the laboratory. At the end of each semester I collect 
and keep all the completed experiments until the 
student goes to college or leaves the city. 

Sincerely yours, 
C. P. Titus 


GLADSTONE PuBLIC SCHOOLS 
GLADSTONE, MICHIGAN 


* * +* * 


To the Editor 
DEaR SiR: 

The inquiry of Mr. Titus relative to the completion 
of a given assignment is indeed a pertinent one, and 
presents a topic that might invoke considerable dis- 
cussion. With respect to this topic of required labora- 
tory work, instructors are doubtless divided into three 
groups; those that stress quantity above quality, those 
that equally stress quantity and quality, and those that 
stress quality above quantity. It so happens that our 
laboratory practice in organic chemistry places us in the 
last group. 

But if the quality of the work is to take precedence 
over the quantity of the work, then the day’s assign- 
ment should be arranged accordingly. The laboratory 
experiments should be written as nearly as possible 
in newspaper style so that the exercise may be con- 
sidered complete at the close of any given section of the 
experiment. Where this is not feasible because of the 
use of standard laboratory manuals, the day’s assign- 
ment can be arranged so as to accomplish the same 
result. That is, the more essential portions of the 
exercise may be taken up at the beginning of the labora- 
tory period, and the less essential sections placed at the 
close of the day’s assignment. If such practice is 
followed, the more essential parts of the exercises will 
be worked by both the fast and slow students, whereas 
the less important procedures will be performed only 
by the fast workers. Some very industrious students 
are naturally slow and should be encouraged to work 

* “Undergraduate organic laboratory chemistry,” pp. 350-3. 


t “Symposium on laboratory notebooks, records, and reports. 
5. Discussion.” 


assignment. However, if the student is a time-killer, 
the instructor faces quite a different situation. In such 
cases we feel justified in insisting upon both quality 
and quantity of work. Hence with specific reference 
to the incompleted work and the excused absences of 
diligent students, it has been our practice in the or- 
ganic laboratory to permit a student to continue with 
the class (except in a series of continuous experiments 
or other unusual cases), and the omitted work is not 
considered in making up the student’s grade. 

With reference to the notebook inquiry of Miss 
Patten (J. Cuem. Epuc., p. 413, July, 1933), our 
former practice was similar to that suggested by Mr. 
Titus. For the past year or two, however, we have 
used a system which is described by a quotation from 
the author’s article in the June issue of THis JOURNAL 
“A posted reading assignment covers the general 
topics of the laboratory experiments, but the student 
does not know the specific experiments that will be re- 
quired until he reports at the beginning of the laboratory 
period.” If the student knows only the general but 
not the specific assignment when he comes to the 
laboratory, there is little opportunity or desire to ob- 
tain the requisite information from previous records 
of other students provided the content of the course 
varies sufficiently from year to year. This is especially 
true if the blank-page notebook is used, and the in- 
structor watches the progress of the student’s record 
during the laboratory period. We are inclined to 
believe that the closer the laboratory contact between 
the instructor and the student, the less the likelihood 
of the practice of doctoring reports or copying data. 
Another practice which we follow, although condemned 
by some, is to give a few “catch experiments” during the 
year, from which we gain a very definite perspective 
of the integrity of the individual students. 

At the close of the laboratory period ‘‘the instructor 
or assistant then collects the student’s preparation, 
glances over his record, periodically grades the experi- 
ment at the same time, calls his attention to any 
apparent errors or misinterpretations, and sees that 
the desk is clean and orderly and that no desk equip- 
ment is missing. If everything is satisfactory, the 
experiment 1s checked and initialed, and the assignment 
for the day is complete.’’ Hence with a blank page in 
his notebook at the beginning of the laboratory period, 
and a completed page at the close of the period (the 
student has no need for other paper in the laboratory), 
there is little opportunity or incentive for the student, 
under proper supervision, to plagiarize. 

Sincerely yours, 


PURDUE UNIVERSITY 
E. F. DEGERING 


LAFAYETTE, INDIANA 
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SUGAR CONSUMPTION AND DIABETES 


To the Editor 
DEAR SIR: 

In the present developmental stage of the prepara- 
tion of levulose it may appear interesting to enlarge 
upon the possibility of using great quantities of it so as 
to stimulate its manufacture. But to claim that it 
should to any large extent replace sucrose is fantastic, 
to say the least. 

Each sugar has individual advantages in specific 
cases, and new uses are bound to be found for each, 
as time advances. It is quite necessary to avoid 
jumping at conclusions from fragmentary information, 
however, regarding the replaceability of one sugar by 
another. 

A striking case in point is the claim that levulose 
should replace sucrose in human diet because diabetes 
has increased in prevalence lately and there has also 
been an increase in consumption of sucrose. Luxurious 
living appears to be accompanied by a rise in the 
diabetes rate, and a luxurious diet is notably higher in 
protein and fat than in carbohydrate. 

To draw conclusions from statistics at large is most 
dangerous, for such information is extremely incom- 
plete. For instance, out of 178 American cities report- 
ing diabetic deaths in the past year, McKeesport, Pa., 
shows 1.8 per 100,000 inhabitants, while Williamsport, 
Pa., shows 56.5 deaths per 100,000 inhabitants. Is it to 
be concluded that people in Williamsport eat thirty 
times as much sugar or even carbohydrates as the 
harder working inhabitants of McKeesport? In 1913 
Germany consumed only half as much sugar, per caput, 
as the U.S., yet had just as many deaths from diabetes. 

No—if we want to find the relation between diabetes, 
or any other disorder, and sucrose or any other food- 
stuff we must obtain. more individual statistics than 
city groups afford. Thus, about two years ago, 
an individual study of the diabetic patients in the 
University of California Hospital, reported by Frederick 
L. Hoffman, LL.D., in the Spectator for July 6, 1933, 
showed that of 209 males only 10.5% reported them- 
selves as eating much sugar and of the 245 females only 
6.5%; and this in spite of the fact that diabetes is 
much more prevalent among females than males. 

Again, how erratic it is to suggest reversing the 
world’s experience of the past thousand years in 
eating cane sugar because of some fancied difference 
in the assimilability of sucrose and of levulose, when 
the facts, as reported by Joslin, are that the respiratory 
quotient, normally 0.77, is raised 0.12 by dextrose, 0.14 
. by lactose, 0.18 by levulose, and 0.21 by sucrose under 
similar experimental conditions. In those evidences of 
approximately similar metabolism one can find little 
argument for lauding one sugar or criticizing another. 

If one is in earnest about this matter, let him give 
attention to his diet as a whole, so arranging it as to 
embrace about 60% of carbohydrates, 30% fats, and 
10% proteins. An abundance of carbohydrate is 
necessary to serve as food for body heat and muscular 


energy, as well as to insure the proper oxidation of fats 
and to prevent the formation of B-oxybutyric acid and 
the development of the dreaded acidosis. 

In our present knowledge of the subject, diabetes 
cannot be said to be produced by sucrose, and it cer- 
tainly cannot be said that if sucrose does tend toward 
its incidence, levulose does not. It is a matter to be 
considered in each individual case on its own merits. 
If one finds, on examination, he is predisposed to 
diabetes he should certainly follow his diet as scientifi- 
cally as possible, being careful to work out his in- 
dividually needed ratio of carbohydrates to fats, for 
this will vary with each individual. 

But for the population at large to throw overboard a 
leading article of diet, used through the centuries, just 
through fear of its connection with a disorder that 
increases with obesity is little short of ridiculous. 

Some people might as well change their religious 
affiliations because diabetes is found to be more preva- 
lent in one sect than in others or some might as well 
refuse to be female because that sex is more susceptible 
than the other. 

W. D. Horne, Consulting Chemist 


BEECH CREEK, PA. 
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To the Editor 
DEAR Sir: 

After reading Dr. Horne’s criticism and re-reading 
the section of our article on levulose* which he found 
most disturbing (the diabetes section) we find few, if 
any, points which seem to require defense. Dr. 
Horne’s statements, while good, appear to be directed 
at his own conclusions and not ours. 

We cannot agree with Dr. Horne’s opinion that our 
story is fantastic. Some years ago the suggestion that 
corn sugar should become an important sweetening 
agent was similarly received, yet in 1933 the production 
of this commodity has reached tremendous proportions. 

We are not physicians and do not feel qualified to 
debate the diabetic question. As laymen, however, 
we have enjoyed reading most of the several hundred 
articles in the medical journals concerning the use of 
levulose by diabetics. Anyone who has read these 
papers will appreciate our statement that “‘the study 
of the metabolism of the three major sugars becomes a 
challenge to the medical profession.’’ We mentioned 
the subject in our paper to call attention to the dis- 
agreement and to arouse comment, which we hoped 
would stimulate constructive scientific study. We 
therefore appreciate Dr. Horne’s statement of his 
personal opinions and invite others to comment. 

Permit us to repeat our belief that levulose is destined 
to take its place along with cane, beet, and corn sugar 
in the nation’s food supply. 

Iowa STATE COLLEGE James H. McGLumpuy 

Ames, Iowa Jack W. EICHINGER, JR. 


* J. Cuem. Epuc., 10, 453-63 (Aug., 1933). 
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KEEPING UP WITH CHEMISTRY 


A healthy customer. Ind. Bull. of Arthur D. Little, Inc., 81, 
3-4 (Sept., 1933).—Despite the breath-taking nature of the de- 
velopments in electrochemistry and electrometallurgy, great 
fields remain to have their electrochemical possibilities explored. 
Many metals may be separated from their ores by means of an 
electric current. First ranks aluminum. Magnesium gives evi- 
dence of further large markets for electric power. Other light 
metals, such as sodium, calcium, barium, cesium, lithium, and 
beryllium, although not produced yet in quantities requiring any 
substantial amount of power, give every indication that their uses 
will multiply rapidly. 500,000 tons of electrolytic zinc were pro- 
duced in 1929, with 1250 tons of cadmium as a by-product. The 
electroplating industry has had the most startling increase in 
power consumption during the past decade. This is due to 
chromium-plating. Not only metals are produced by electroly- 
sis. The electrolysis of brine produces chlorine and caustic soda. 
A beginning has even been made for use in the electrolysis of 
organic materials. High temperatures are often needed in chemi- 
cal industries and these are obtained best by electrical means, as 
in the production of calcium carbide. The growth of mn electric 
steel industry has also been rapid. 

Do you know glyptal? Ind. Bull. of Arthur D. Little, a 81, 
2-3 (Sept., 1933).—9,000,000 pounds of synthetic resins of the 
“glyptal”’ type were used last year in the manufacture of indus- 
trial finishes. They are being further developed as rivals to a 
great number of other materials ranging from rubber to celluloid 
and bakelite. Resins of this type have been under development 
by the General Electric Co. for well over ten years. Their great 
resistance to weathering and to ultra-violet light makes them 
useful for painting great bridges, and, as they do not discolor ap- 
preciably upon aging, in the manufacture of white enamel. Their 
strong adhesion to metal surfaces accounts for their use as an 
undercoat on automobiles; and their durability over a wide 
range of temperatures permits them to be used in finishing oil- 


burners and refrigerators. Glyptal resins are formed from gly- 
cerin and phthalic anhydride, a synthetic chemical made from 
benzol on a large scale. They are modified by the addition of 
plasticizers such as ethylene glycol, another synthetic product. 
Some, the oil-modified resins, are cured by contact with the air, 
which supplies them with oxygen. Early attempts to use alkyd 
resins as plastics for molding failed because of the difficulty of 
curing in a confined space. This has been met today by using a 
molding powder or by the rubber technic of a mixture of cured and 
partially cured alkyd resin. Like celluloid they may be molded 
from sheets that are sliced from blocks of the cast resin; like 
cellulose acetate they may be made up into molding powders for 
shaping. They may be used for coating special fabrics to pro- 
vide resistance to oil, grease, gasoline; and, like rubber, they may 
be compounded on a roll mill, extruded, or calendered. The 
adaptability of alkyd resins to all sorts of technics and conditions 
constitutes their chief significance. That this adaptability 
should result from developments on a material which at first ap- 
peared quite intractible has suggested to experimenters what may 
await any gel with the use of swelling agents, plasticizers, and 
methods of manipulation. If this hypothesis is correct, it may 
mean a revolution in the entire field of plastic materials. G. O. 


Transporting and handling bulk chemicals. R. F. BERGMAN. 
Chem. & Met. Eng., 40, 474-7 (Sept., 1933).—The handling of 
chemicals in bulk has undergone many changes by the introduc- 
tion of automatic devices that permit increased speed and safer 
and more sanitary operations. The standard railroad box-car has 
lost no ground in the shipment of free-flowing chemicals. The 
automatic power shovel and screw conveyor have proved well 
adapted to unloading cars of lime, alum, soda ash, cement, fuller’s 
earth, and similar products. Many special, covered hopper- 
bottom cars are also used. The concrete silo is one of the most 
economical storage units for bulk chemicals. J: W... 


GENERAL 


A chemist’s retrospects and perspectives. RicHARD WILL- 
STAITER. Science, 78, 271-4 (Sept. 29, 1933).—In his address on 
the occasion of the presentation of the Willard Gibbs Medal of 
the Chicago Section of the American Chemical Society for dis- 
tinguished achievement in science, Dr. Willstatter gave a review 
of some of the work he has been engaged in and the advances 
chemistry has made during his lifetime. From the study of 
plant alkaloids and synthetic dyes, Dr. Willstatter progressed to 
the study of natural pigments. Chlorophyll was his chief in- 
terest while at Zurich; the presence of magnesium in complex 
form in chlorophyll was one surprising result of these studies. 
Today he is working on ferments in blood cells. ay eae: Se 

The Langmuir Medal of the American Chemical Society. 
Science, 78, 233 (Sept. 15, 1933).—Dr. Frank Harold Spedding, 
instructor in chemistry at the University of California, was pre- 
sented the Langmuir Medal for his research on the structure of 
the atom. B..C..K. 

Chemical industry resists the depression. C. C. CoNcCANNON 
AND A. H. Swirt. Chem. & Met. Eng., 40, 459-62 (Sept., 
1933). —Chemical industry as a whole has withstood the depres- 
sion better than most others and ended the year 19382 in a rela- 
tively satisfactory condition. During the first quarter of 1933 
the trend was downward, but since then has been completely re- 
versed. Employment has improved and prices for many chemi- 
cal products have advanced. The year wasone of corporate con- 
solidations, reductions in cost of operation and book values of 
properties, increased efficiency, expansion of present uses of 
products, development of new uses for old products, and growth 
in the marketing of synthetic and other new materials. Several 
tables are given. 3. WW. 2 


Nomenclature of the electron. ANON. Science, 78, 191 
(Sept. 1, 1933).—Dr. Anderson’s recent discovery of the positive 
analog of the long known negative electron has raised an impor- 
tant question of nomenclature. Professor Herbert Dingle sug- 
gests ‘‘Oreston” as the name of the new positive unit, which, if 
adopted, would leave ‘‘electron”’ to continue as the specific term 
of the negative unit. Dr. Anderson’s terms are ‘“‘positron” and 
“negatron.”’ E..C. KK. 

Some chemical aspects of life. F.G.Hopxins. Science, 78, 
219-31 (Sept. 15, 1933).—In his presidential address before the 
British Association for the Advancement of Science at Leicester, 
Sir F. G. Hopkins deals with a branch of experimental science 
which is concerned with living organisms—modern biochemistry. 
He begins with the fact that all we yet know concerning the 
origin of life is that we know nothing. However, life has one 
attribute that is fundamental—when it appears the steady increase 
of entropy displayed by the rest of the universe isarrested. Every 
living unit is a transformer of energy and with these transforma- 
tions biochemistry is deeply concerned. Actually biochemistry 
is a science of this century—and is progressing rapidly. Sir Hop- 
kins stresses the importance of molecular structure in determining 
the properties of living systems. ‘The colloid systems display 
highly specialized molecular structures at their surfaces—it is here 
that catalysis occurs. Hormones and vitamins in relation to their 
functions as manifested in the animal body he discusses with 
particular reference to their actual molecular structure, knowledge 
of which is rapidly growing. Sir Hopkins points out clearly the 
importance of the biological sciences to progress and the material 
and cultural benefits to be gained from investigations “Ws such 
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RECENT BOOKS 


FUNDAMENTALS OF FIBRE STRUCTURE. W. T. Astbury, Univer- 
sity of Leeds. Oxford University Press, New York City, 
1933. ix+187pp. 62Figs. 14X21.5cm. $3.00. 


Imagine a book of six lectures delivered to a group of British 
textile workers, so simple in its language and so striking and origi- 
nal in its analogies that a sixteen year-old American high-school 
boy gets a ‘“‘kick”’ out of it, yet so scientifically exact and so full of 
real information that his college professor father gets an equally 
big “‘kick’’ from reading it. Such a book is “‘Fundamentals of 
Fibre Structure.’”’ The author, who was one of Sir William 
Bragg’s pupils, is Lecturer in Textile Physics and Director of the 
Textile Physics Research Laboratory of the University of Leeds. 

The six chapters in this book are entitled—‘‘I, The funda- 
mental nature df matter and radiation; II, The invisible fibres of 
the world of molecules; III, How atoms and molecules make 
patterns in space; IV, An X-ray view of the inside of a textile 
fibre; V, The fundamental structural difference between wool 
and other fibres; VI, Some i1side formation about the properties 
of the wool fibre.”’ The first chapter alone should be worth the 
price of the whole book to any high-school teacher of physics, 
chemistry, general science, or home economics. Not only should 
every such teacher own a personal copy, but also there should 
be a copy in every high-school library. The nature of the book is 
such, however, that its usefulness is not limited to high schools. 
The reviewer has already recommended it privately to several 
of his colleagues who have college classes in freshman chemistry 
and in textile chemistry with the belief that they will enjoy it as 
much as he has done. 

If you want to get really intimately acquainted with atoms and 
molecules so that their chemical formulas are as vivid to you as 
the kindergarten “‘C-A-T spells cat,” so that the forces of chemi- 
cal combination seem as natural as buttons on a vest, so that the 
slipperiness of graphite reminds you of slipping on the front hall 
rug; if you want to appreciate clearly in a non-mathematical 
way how the arrangements of molecules in fibers are investigated 
by X-ray methods; if you want to know the real difference be- 
tween wool and other textile fibers; if you want to learn why 
the passage of water through a textile fiber resembles the straining 
of a crowd of people through the narrow winding streets of an 
old-world town; then you cannot afford to be without this 
book. The price per page is high—probably higher than is 
warranted by the cost of publication, but the book is really 
worth it. 


PENNSYLVANIA STATE COLLEGE 
Strats CoLiecs, Pa. 


WHEELER P. DAVEY 


LABORATORY MANUAL TO ACCOMPANY (BRINKLEY’S) PRINCIPLES 
OF GENERAL CHEMISTRY. Erwin B. Kelsey and Harold G. 
Dietrich, Assistant Professors in Chemistry, Yale University. 
Revised edition. The Macmillan Co., New York City, 1933. 
x +183 +73 pp. 15 Figs. 14.5 X 21.5cm. $1.50. 


This manual is presented as a revision of the book of the same 
title by Brinkley and Kelsey, published in 1926. The preface 
makes no reference to the former edition, however, and the 
volume is, as a matter of fact, much more closely related to the 
“Laboratory Manual to Accompany (Brinkley’s) Introductory 
General Chemistry” by the same authors, published in 1932, and 
reviewed in the J. Cem. Epuc., 9, 2005 (Nov., 1932). The 
forty-seven exercises in general chemistry and inorganic prepara- 
tions of the first edition give place in Section I of the revised 
edition to thirty-one exercises, while Section II, devoted to 
elementary qualitative analysis, is practically identical, page for 
page, with the corresponding section of the recent introductory 
manual. 

In harmony with the text which it is designed to accompany, 
the new manual presupposes a secondary-school course in 
chemistry. Accordingly, the simpler exercises, such as the 
studies of oxygen and hydrogen, the gas laws, composition 
of water, and the like are omitted. The exercises presented 


have been well selected as new and challenging problems for 
the student with high-school experience. Two introductory | 
exercises are followed by two inorganic preparations and these 
by such problems as the determination of transition temperatures, 
factors affecting the rate of chemical reaction, solubility, electroly- 
sis, molecular and atomic weights, hydroacids, colloids, hydroly- 
sis, equilibrium in solution, studies of the salts, separation of 
metal ions into analytical groups, and derivatives of the hydro- 
carbons. 

Quantitative experiments are introduced early with a view 
to developing habits of careful manipulation. A considerable 
amount of qualitative work is included in Section I, but the 
authors explain that this may be omitted for students who are 
later to take a course in qualitative analysis. 

The authors’ purpose with regard to Section IT is not entirely 
clear. Qualitative analysis is usually offered as a separate 
course following general chemistry, and accompanied by rather 
thorough work in the theories of solution and ionization, solubility 
and precipitation, equilibrium, etc. Section II contains 73 pages 
of elementary work in qualitative analysis apparently intended 
for the first-year student. The reviewer feels that this is too 
much qualitative work to be followed by a standard course in 
qualitative analysis and that it is too elementary to meet the 
requirements in qualitative analysis for technical students. 
This amount and character of work would probably be well suited 
for those students who are rather non-technical or who are pri- 
marily interested in certain engineering courses where it is felt 
that an introductory or survey course in qualitative analysis is 
sufficient. However, the book as a whole presents more work 
than can be accomplished in one year and this offers excellent 
opportunity for selection and elimination by way of adaptation 
to the needs of particular courses. 

The alternate pages are left blank to provide space for student’s 
notes, which fact gives the book twice its necessary size and pre- 
vents its second-hand use. The arrangement of the book is 
well planned and the exercises are well written. Errors noted 
are few and insignificant. The type and form of exercise pre- 
sented are well calculated to engage the interest and call out the 
best effort of the slightly experienced student for whom the 
manual is designed. 


ANTIOCH COLLEGE 
YELLow SPRINGS, OHIO 


Wo. A. HAMMOND 


Donald Wilhelm. Harper & Bros., 
xv + 841 pp. 5 Photos. 15.5 X 


THE BooK OF METALS. 
New York City, 1932. 
23.5 cm. . $4.00 net. 


The author presents a delightfully picturesque description of 
the metallurgy of the important commercial metals against a 
background of glamour and color. Using words as his medium 
and paper as his canvas, he paints with the rare skill of an artist 
a brilliant and scintillating picture of many metallurgical proc- 
esses. 

The book is distinctly non-technical, no chemical formula nor 
equation being included, and written distinctly for the laymen; 
the result of many questions asked of the author by his two 
young sons. Each introductory chapter contains a complete 
history of the metallurgy of the element under consideration, 
followed by a detailed description of the mechanical side of the 
modern practice and finally a complete presentation of its mani- 
fold uses. Moreover, each chapter has been reviewed and ap- 
proved for publication by one or more competent and dis- 
tinguished ‘‘authorities’”’ in each field, so that the information 
therein contained is ‘‘authentic.’”” Most of the physical chemical 
explanations and interpretations are written by such authorities, 
or are presented in the form of interviews with these distin- 
guished gentlemen. The book is pleasingly set up and the type 
is large and easily readable. 

The first third of the book deals with iron and its various 
alloys. Starting with a fascinating description of open-pit min- 
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ing, we follow the ore through its highly mechanized course to the 
blast furnace. Shaft mining is also described in connection with 
coal for the production of coke for iron smelting. The manu- 
facture of wrcught iron by the venerable puddling process and 
the more recezit ‘‘Aston’’ process is cousidered in some detail. 
Following these, we learn about cast irons, malleable iron, and the 
various and sundry steels. The operation of the Bessemer con- 
verter, the open-hearth and electric furnaces are vividly pre- 
sented. The final chapter of this group deals largely with alloy 
steels and includes an interesting bit of economic history—the 
introduction of chrome-vanadium steel into the manufacture of 
lighter and stronger automobiles by Henry Ford. A fine descrip- 
tion of the effect of the more important alloying elements on the 
properties of iron concludes this chapter. 

Following the story of iron, the author introduces us to the 
most recent and lightest of all commercial metals, aluminum—the 
metal from common clay—which defied all attempts to persuade 
it to leave its humble birthplace until induced to do so, almost 
simultaneously by two young men—Hall and Heroult. Then 
comes copper, with an interesting description of the important 
contributions of Paul Revere to its metallurgy. Now follows 
brass—used by King Solomon in his temple—then ancient and 
honorable bronze, usually associated with statuary but possessing 
a multitude of uses. 

In order follow nickel, the metal so difficult to isolate that it 
was named after “Old Nick’; “‘bluish-white”’ zinc; ‘‘slow-solid”’ 
lead; tin—the whitest of metals—‘‘the Greeks called it Hermes— 
yet we ungraciously heave our tin cans---into ugly dumps’’; 
aristocratic gold—the metal for which men die; and now silver— 
the most beautiful of metals—used in enormous quantities for 
coinage in the most densely populated countries on earth—and so 
important to photography and the movies. Finally, platinum 
and its first cousins—the elements of the chemists: palladium, 
iridium, rhodium, osmium, and ruthenium concludes this most 
interesting work. 

This book should be especially stimulating to the layman and to 
beginners in chemistry as it makes a strong appeal to the romantic 
and imaginative side of chemistry and cannot fail to promote an 
appreciation of the problems that have confronted the chemists 
and the manner in which they have been solved. For the chem- 
ist, its value lies chiefly in the cloak of glamour in which the 
author envelops many grimy processes that seem drab and dull 
through long association. In brief, the book might be considered 
a glorification of metallurgy, and rightly deserved at that. 


Boston UNIVERSITY Epwarp O. HOLMES 


Boston MASSACHUSETTS 


SOME PHYSICAL PROPERTIES OF THE COVALENT LINK IN CHEMIS- 
TRY. The George Fisher Baker Non-Resident Lectureship in 
Chemistry at Cornell University. Nevil Vincent Sidgwick, 
Fellow of Lincoln College and University Reader in Chemistry, 
Oxford. Cornell University Press, Ithaca, New York, 1933. 
249 pp. 15.5 X 23.5 cm. $2.00. 

In this book Professor Sidgwick has presented the basis of the 
lectures which he gave at Cornell University in 1931. The sub- 
ject matter has been brought down to a more recent date, how- 
ever, by the inclusion of pertinent researches that were published 
up to the summer of 1932, with a few of even later date. ‘‘The 
book is an attempt to set out the methods of measurement of some 
of the more important properties of non-ionized links, and to 
discuss the results so far obtained.’’ After an introductory 
lecture on ‘‘The Relation of Physics to Chemistry” the chapters 
are: Atomic Cohesion; Electrovalence and Covalence; Dimen- 
sions of Covalent Links; Heats of Formation of Covalent Links; 
Electrical Dipole Moments; and Stereochemistry. 

Under each subject the available experimental weapons are 
presented in sufficient detail to show their value and limitations, 
but without exhaustive description. Professor Sidgwick shows 
excellent discrimination in this respect. The accounts are 


accompanied throughout with copious references to the original 
literature; the chapter on dipole moments, for example, has over 
140 footnotes, nearly all of which are literature citations. By 
this means the author has been able to present a correlated and 





intelligible view of an enormous amount of experimental work 
within the compass of a volume of moderate size. 

Professor Sidgwick is so well known that it is needless to say 
that he has done his work with characteristic thoroughness and 
remarkable breadth of information. One of the most impressive 
features of the book is the great variety of evidence which is 
brought to bear on such difficult problems as the details of molecu- 
lar structure. Professor Sidgwick’s alertness in appropriating 
the experimental results yielded by the newer physical methods 
should be an inspiration to many of the younger generation. 

There are a few minor errors which will be obvious to the reader. 
In a few instances one may be disposed to disagree with Professor 
Sidgwick’s views—for example, the assumed 2-covalence of 
hydrogen, or the use of sharp changes in properties in a series of 
compounds as a proof of a change from ionic to covalent linkage. 
These are still debatable subjects, however, and one can only 
admire the ingenuity and fairness of the author in his arguments. 

The subjects treated in the book have been so largely developed 
in the past few years that the great accumulation of valuable 
results is well known only to those who have followed the work 
closely. For that reason this summary will prove highly valu- 
able to teachers, as well as to chemists generally. 


UNIVERSITY OF BUFFALO G. H. CARTLEDGE 
BurraLo, NEw York ets 


INORGANIC COLLOID CHEMISTRY. VoL. I. THE CHEMICAL 
ELEMENTS. Harry Boyer Weiser, Rice Institute, Houston, 
Texas. John Wiley & Sons, Inc., New York City, 1933. 
xi + 389 pp. $4.50 net. 

This is the first volume of a series dealing with inorganic colloid 
chemistry to be written by Dr. Weiser. The colloidal elements 
have been studied and written up in scattered places but never 
before has a unified presentation been offered. General methods 
of preparation are followed by separate divisions on metals and 
non-metals in colloidal form. Theory and practice are both well 
taught. 

It is right that a considerable section on catalysts is included 
for contact catalysis is a surface matter. The reviewer particu- 
larly enjoyed the excellent section on activated carbon and its 
use asanadsorbent. The author’s own notable work on colloidal 
sulfur again attracts attention but, for that matter, the entire 
volume is most interesting to a colloid chemist. Other chemists 
will find it useful as a reference book, and very easily read. 

Dr. Weiser deserves our thanks for a splendid work already well 
begun. We predict a cordial reception for the volumes to follow. 

The chapters are: Colloidal Gold, Colloidal Silver, Copper 
and Mercury, Non-noble Metals of the First and Second Groups, 
Metals of the Third to Seventh Group, Metals of the Eighth 
Group, Adsorption of Gases by Metals, Colloidal Metals as 
Contact Catalysts, Colloidal Carbon, Sulfur, Selenium and 
Tellurium, Iodine. 


OBERLIN COLLEGE 
OBERLIN, OHIO 


Harry N. HOLMES 


PopuLaR SCIENCE TALKS. VoL. X. Ivor Griffith, editor. Pub- 
lished by the Philadelphia College of Pharmacy and Science, 
under the auspices of the American Journal of Pharmacy, 
Philadelphia, Pa., 1933. 307 pp. 15 X238cm. $1.00. 
The tenth volume of this well-known series contains: 

“Triumphs of Medicine,” by Wilmer Krusen 

“The History and Romance of Bread,” by Charles H. LaWall 

‘“‘Photons and Electrons,’’ by George Rosengarten 

“The Modern Arsenic Hazard,” by J. W. Sturmer 

“Yeast—In Welfare and Industry,’”’ by Arno Viehoever 

“Aqua Philadelphica,”’ by Ivor Griffith 

“Useful Milk Products and Milk Preparations,” by Louis 
Gershenfeld 

““Gold—A King and a Servant,” by Freeman P. Stroup 

“Insect Friends and Foes,” by Marin S. Dunn 

“‘Colloids—A Story about Particles,’ by Arthur Osol 

“Vitamins,” by Horatio C. Wood, Jr. 

“‘Copper—Man’s First Useful Metal,’’ by C. C. Pines 

“Manufactured Ice Cream,’”’ by David Wilbur Horn 











ANNUAL INDEX—JOURNAL OF 
CHEMICAL EDUCATION 


Volume 10, 1933 


The annual index for Volume 10 of the JouRNAL or CHEMICAL EpuCATION is divided into two parts—an 
Author Index and a Subject Index, each alphabetically arranged. Letters (Ar), (Ab), (B), (C), (E), (F), and 
(P) have been used after the various items to designate, respectively, article, abstract, book review, correspond- 


ence, editorial, frontispiece, and portrait. 


ADAMS, A. C. Inexpensive laboratory 
Pe |, re 
Apams, R. AnD J. R. JoHNsoN. Elemen- 
tary laboratory experiments in organic 
0) eran rns 
— anv H. C. Yuan. The stereochem- 
istry of diphenyls and analogous com- 
GOGMEE CRIN ic cdice ts neces eeeueae® 
Apams, R. H. The “ 
WRTMNOIEE CMR oire « cicke chute coe 4 Goada< 
Apxins, H. anv S. M. McEtvain. An in- 
troduction to the practice of organic 
chemistry in the laboratory (B)......... 
ALEXANDER, J. Pectography: The effect 
of colloids on crystallization (Ab)..... 
Augen, C. F. H. The diene synthesis of 
Diels and Alder (Ar) 
Atutison, F. The magneto-optic method 
oe) era 
ANABLE, hat becomes of the college 
graduate? yo) re lalatine ve Said oi a Crear ere 
ANDERSON, H. V.—See Lone, J. S. 
ARMSTRONG, E. F. Alcohol through the 
ages (Ab) clio mics aga mCasararetm aun, 6 Wie ela eA 
ARMSTRONG, E. V. Some incidents in the 
collection of the Edgar Fahs Smith 
memorial library (Ar)............es0% 
ArtHuR, P. anp C. V. Kino. Lecture 
demonstration of the arc process (Ar) 
AstBury, W. T. Fundamentals of fibre 
pL RE ia Cae 


BACHMAN, G. B. Special exercises for 
students in general chemistry (Ar) 
I. The preparation and properties of 
WR Ic crx asacerdesek carce Ceccuesaed 
— anpvD J. K. Farre.v. II. 
CTS OPO Ne EEE 
Barvar, J. C., JR. Variations in the prices 
of metals in the last twenty years (Ar) 
Baitey, K. C., editor. The Elder Pliny’s 
chapters on chemical subjects. Part 
PENA 5s 4 vic katie and tenes cmecenees 
Baker, R. A. Blast lamp from Bunsen 
WANA CRON ao o0.54-0 wa. craters @ fe tacee ace 
Symposium on laboratory notebooks, 
records, and reports. 3. In the re- 
search laboratory (Ar).............. 
Denes: W.D. Apbbdlied colloid chemistry 
Wilhelm 5 i the great protagonist 
og! # ONG Reise cakGucne <<a SeUWEeueY 
Pa) Se ee eer rr Pere er 
Been. TS. Organic chemistry for medical 
students WINN caicte few cine cidde v << 
Barit, O. L. A simple apparatus for pre- 
paring aldehydes (Ab)............... 
Ce Lagoa pane my Hier 
BARNETT, J. H.—See Grote, Te. We 
Barta, L. AND E. Toots.’ The nicotine 
oe ammonia contents of tobacco smoke 
Basorg, C. A. Economics and chemical 
ONGIIMOTINE (CAD) ic ce cic escorcess 
Producing glass from furnace slag (Ab). . 
Beaumont, A. B. anp G. M. Karns. Ef- 
fect of an iodide fertilizer on iodine con- 
tent of a food plant (Ab)............ 
BencouGu, G. D. Corrosion of metals in 
salt solutions and sea water (Ab)...... 
Bennett, G. W. Liaison in organic-inor- 
ganic chemistry (Ar)........2cscce0. 
BerRGMAN, R. F. Transporting and han- 
dling bulk chemicals (Ab 
BEYNON 
(Ab 


Corrosion fundamentals 
BuacvaT, R. N. Knowledge of the metals 
in ancient India (A: 
BILLInNGER, R. D.—See Lone, J. S. 
BING, F. Cc. Humphry Davy and CO 
POU EIN sca cace cc ccccw ced Kee . 


414 


448 


513 
512 


516 
381 
494 

71 
317 


513 


356 
748 
759 


241 
689 
99 


126 
745 


408 
127 


539 
609 


192 


57 
641 


58 
282 
578 
191 
513 

20 
758 
578 
659 





AUTHOR INDEX 


Birp, P. G. A derivation of Langmuir’s 
adsorption isotherm (Ar)............ 
Biank, E. W. Construction of density 
standards (7) Rae ae 
Device to indicate broken vacuum (Ar) 
Experiments in allotropy. II. Oxygen 
and phosphorus allotropes (Ab)....... 
Heated vacuum micro-desiccators (Ar) 
Increasing the sensitivity of chemical re- 
actions ( 
Mercury switches for conductivity experi- 
WORD avincccccecacawascedsases 751 
Victor Meyer apparatus (Ar)........... 
— AND M. L. WILLARD. Micro-density 
determination of solids and liquids (Ar) 
Bratt, A. H. The Beckman rearrange- 


Biopcett, K. B. Irving Langmuir (Ar).. 
Boerke, A. Unit of study for elementary 
Ce |) ia ys 349 
Bonar, F.—See Bonar, R. 
Bonar, R., F. BoNAR, AND E. C. H. Davizs. 
Te ang roll films for slide lanterns 


EL ES EEE SIP NY ae 92 
Boyp, 7. A. Process industries as pur- 
veyors to the motor car (Ab)........ 252 
Branp, C. J. Influence of agricultural 
prosperity on chemical industry (Ab) 252 
BRAvER, A., J. REITSTOTTER, AND H. S1IEBE- 
NEICHER. The most important im- 
provements in the inorganic industry 
made in the years 1927-31 (Ab)...... 122 


BRAUTLECcHT, C. A. Romance of cellulose 
ES Cos edecccacecacudeeueecmene cas 191 
Bray, W. J. Aptitude and its relation to 


achievement in general chemistry (Ab) 255 
BREEDING, L.A. What’s ahead in the 
transportation of chemicals? (Ab)..... 252 
Brices, T. H. A visiqn of secondary edu- 
COON CAO) i cesisccccusceccecvcacees 
BRINKLEY, S. R. Principles of general 
CHMNOINS CEN soc oars ccnecaveeeces e3 


Laboratory manual—See Ke sey, E. B. 
BRISLEE, F. J. The corner metals of elec- 
trical ca copper, aluminum, 
and lead (Ab 
oe Cl 


(Ab 

Brown, D. J. anp H. A. Pacer. A new 
method of approach for qualitative 
ae Oe v6 6 eanekdhnnaceowneue 94 


Brown, E. H. An equilibrium experiment 
CMO ie cece cata euececcatudend edn 119 
Small samples of SOs (Ar)...........-4. 119 
Brown, E. Molecular and atomic 
Cy Ee PET eT te eee 308 
Brown, G. B. Modern physics and the 
first ee of science \ eee 125 
Brown, W. F.—See PEGRaM, G. B. 
BROWNE, C. A. The establishment % pri- 
ority in scientific discoveries (Ab)..... 125 


The origins of sugar manufacture in 
America (Ar) I. A_ sketch of the 
history of raw cane-sugar production 
Meck ccsedccitandedacds see 

II. A sketch of the history of sugar re- 
fining in America...............-008- 21 

Browne, F. L. Testing house paints for 
CO IC Se rr eae 
Bruce,G.V. Anattempt to vitalize chem- 
istry teaching in the high school through 
a modified form of the unit-assignment 
technic (Ab) 

Some essentials of an elementary science 
WEIR eave kes ose ven eces eee ts 

Bruner, F.—See Scutunpt, H. 

BueEHLER, C. A. Development of the elec- 
tronic theory of valency (Ar)........ 741 

BunpERMAN, W Q. History and opera- 
tion of a ital po a) ee 

BurcHarp, E. F. urces of ores of the 
ferroalloy metals (Ar).............. 


761 


In the Author Index titles of books reviewed have been set in italics. 


COINS i nc cce si cueccoundates 443 
The sources of our iron ores (Ar) I...... = 
eecdddute: ceceucreTt cus eases Ade nas 28 


II 
Burincton, R. S. Handbook of mathemat- 
ical tables and formulas (B)........... 46 
Burke, C. E.—See JoHnson, C. 
Burks, D., Jr. Efficient production of 
manufactured ice [2 .\ > ee ee 
Burr, A. C. Characteristics of the veal” 
numerical rrr re 
7 H. G. An administrative chemist 
Byrne, P. J., E. J. Gour, anp R. T. Hos- 
LAM. Recent progress in hydrogena- 
tion of petroleum (Ab)............060. 


CADBURY, W. E., Jr—See MELDRUM, 


W. B. 

CanTELO, R. C. Electromotive force of 
voltaic cells—conventions as to sign 
Ar 


The second law of entropy. II. 
versible processes (Ar)........... coe 45 
II. The thermodynamic functions 


CROP acai cievacducnaccécxeceeeted 06 
CaRLETON, R. K. The personal factor in 

chemical analysis (Ab)...........+¢. 
CaroTHERS, W. H., editor-in- hel Organic 

syntheses. Vol. Ee Cc wcvcccseves 645 


CaTTELL, J. McK. The distribution 
American men of science in 1932 acy 446 
CenTeR, R. D._ Inductive electrical heat- 


ing in chemical plants (Ab)........... 
CuHaPIn, W. Second year college chem- 
TIPO cw ccacudsececeecéacececue 580 


CuHapMAN, P. F.—See NIERENSTEIN, M. 

CuHarap, M. M. The chemistry and indus- 
try of Argentine CAD). 6. .cccnscvces 318 

CLARK, A decade wes ee 2 X- aan 





research (Ab).. 513 
Applied X-rays (B). 128 
CiarK, J. D. new periodic chart (Ar).. 675 
CLEMo, G. R. me post-war develop- 
ments in pure and applied organic 
Geeeneny CARN. 6 6 cc ceccedccscccesce 15 
Co.sert, J. C. Laboratory technique of or- 
GAUGE CREMMINS CB ec cccccescccecccses 514 
CoLLins, , J. O. Morrison, AND J. R. 


STONE. Apparatus for determination 
of boiling point- composition curves of 
miscible liquid pairs (Ar)............ 749 
Corton, Ey—See Driver, E. 
Compton, A. H. A geographic study of 
cosmic rays io easkraee uae eeacaae 190 
See PEGRAM, G. 
Conant, J. B. The chemistry of organic 
MenPewNES CB)... ccceccccccscasacseves 
Concannon, C. C. ano A. H. Swirr. 
Chemical industry resists the depres- 
GCs + bk ictrcancenKveuccesuen 758 
Coutson, F. C. Helping the chemistry be- 
ginner grasp formulas and nomen- 
clature flash cards (Ab)...........+6. 643 
CowpertTHwaitTeE, I. A. A simple burner 
for blowpipe reactions (Ar).......... 
Cox, J. L. What steel to use at high pres- 


sures and temperatures (Ab).......... 708 
Crite, G. The réle of physics and chem- 

istry in biology and medicine (Ab) 579 
CurTMAN, L. J. AND S. M. Epmonps. In- 

terferences of metal ions in the detec- 

Chats OE WANE CBG. occ ccaccciescusaes 567 


DAVIDSON, A. W. The solubility law for 
ideal solutions and its application to 


a water-salt system (Ar)............. 
Daviges, C. W. The conductivity of solu- 
CS | Eee Pee eee 


Davis, E. C. H.—See Bonar, R. 
Davis, B.—See PecraM, G. B. 





762 


Davis, D. S. Freezing-point lowering 
nomograph (A b 
Davis, H. L. An improved boiling-point 
apparatus oO SEA rer 
Davis, c. Mera philosophy of 
science ae (Ab) 
Davis, T. L. A chemical flower garden of 
8 5 ar eer ree ee 
Another Priestley document (Ar)........ 
Further evidence of Priestley’s sympathy 
for the American Revolution (Ar). 
DesrRuynE, J. M. A.—See SAYLor, J. ‘i. 
DecerinG, E. F. Undergraduate organic 
laboratory chemistry (Ar) I. Equip- 
ment and administration of the labora- 
tory 
SORIIOD 6.6 o.0:0 5.0.9:00.0:0:4060502008 
II. The laboratory course............. 
Deminc, H. G. Introductory college chem- 
J REAPS rere re 
Derrinc, C. E. Lists and abstracts of 
masters’ theses and doctors’ disserta- 
tions in education (Ab) 
Dretricu, H. G.— See Ke sey, E. B. 
Dixon, R. A. M., of Thearne. 
letters of the Reverend Dr. 
Priestley, F.R.S. (Ar 
Dopce, H. L. The improvement of college 
teaching (Ab) 
Doya, M. Q. Note on the filling of ma- 
nometers (Ar) 
DowninG, E. R. College dominance in 
secondary- school science (Ab) 
Does science teach scientific thinking? 
TD cGoswaGisss War pie deh aie Ola ae 6 
Methods versus the mechanics of instruc- 
tion 
Draize, J. H. Sodium tetrathionate and 
methylene blue in cyanide and CO 
poisoning (Ab) 
Driver, E. anp E. Cotton. Determining 
freezing point and solubility at low tem- 
0 CE EC ne na 
DuBois, R. anp W. A. Kays. Demon- 
stration of the periodic passivity of 
iron (Ar) 
Dunsar, R. E. A convenient and prac- 
tical cork borer appliance (Ab)....... 
DUNSTAN, Fluid fuels today and 
ee eee 
Dutton, F. B. The projection of quiz 
ED so nc's sewewsacwceetesss 


Some 
Joseph 


EASTERWOOD, H. W. Making phos- 
phoric acid in the blast furnace (Ab). . 
Epmonps, S. M.—See CurtMAN, L. J. 
Ecuiorr, G. Newer products from petro- 
leum (Ar) 
Enret, W. F. Laboratory studies in gen- 
ee NTE TURD 6-5 a4-0 0 5 -0:5.0:4.0:0 418 a5 
Seema, J. W., Jr.—See McGuiumpry, 


ENDSLEY, J.R. Repairing broken mercury 
columns in thermometers (Ar) 
ENGELDER, C. J. A textbook of elementary 
qualitative analysis (B)..........+..- 
Calculations of qualitative analysis (B) 
ENGLEHART, M. D.—See Sturt, D. B. 
ENTRIKIN, J. B. Introducing organic 
chemistry in the laboratory (Ar) 
EsseLen, G. J. Some of the newer things 
about cellulose (Ar)...........sec000 
Evans, N. N. Educating chemists in Can- 


FARRELL, J. K.—See Bacuman, G. B. 
Fercuson, C. S.—See Krentz, T. H. 
FERNER, G. W. AND M. G. MELLON. 
analytical uses of ethanol (Ar)........ 
See MELLON, M. G. 

Fevoip, H. L. The chemical nature of the 
ovarian and the gonadotropic hormones 
RR rE Re RS a 4 Se 
Fisu, F. H. anp F. M. Tayitor. The effect 
of the presence of perchloric acid in the 
proximate analysis of limestone (Ar) 
FisHer, E. A. AND J. THOMLINSON. A new 
rapid method for the determination of 
moisture in flour and other finely di- 
vided materials (Ab) 
Foster, M.L. A thirteenth century book 
IN ans iiicnoes cee cence ccus 
Foster, W. Chemistry and Grecian 
archeology (Ar) EI err rer Te 

Fotos, J. T.—See Sureve, R. N. 
Fow.es, G. Experiments on colloids (Ab) 
FRANK, J. O. An experiment in visual edu- 
cation BRE thous cae bbs ences 
— plan in high-school chemistry 
a ere 
FRANKLIN, G. T. A common-sense basis 
of chemistry teaching in secondary 
schools (Ab) Part I. Demonstration 
versus individual laboratory.......... 
Part II. Suggestions for improvement 


of laboratory methods............... 
Part III. 


Lecture demonstrations...... 


316 

47 
317 
613 


.159 


348 


149 
191 
574 
254 
709 
255 


708 


316 


108 
251 
123 
376 


578 


524 
514 


368 
645 
320 

31 
585 


60 
379 


243 


174 


123 
369 
270 
121 

90 
556 


FrencH,S.J. Adaptable electronic models 
A 











JOURNAL OF CHEMICAL EDUCATION 


oi 05 0.6:0.0:0h babe. gine ab ONILS Cele ee 564 

FRIEND, J. N. A textbook of physical chem- 
istry. Vol. 1. General properties of 
elements and compounds (B).......... 256 

Futton, R. G.—See Scuiunpt, H. 

Funk, C.—See Harrow, B. 

Furman, N. H.—See Wiivarp, H. H. 

GAREY, R.—See HENwoop, A. 

GATTERMAN, L. (Revised by H. WIELAND). 
Laboratory methods of organic chemistry es 

Meise gees caaebasd 6k seek a wipes 

Gers, K. H. ann P. Harrecxk. A new 
variety of H2Oz (Ab)...........-640- 121 

Getpacn, R. W. Modified method for cat- 

Dem mes © ORG 6 acs cccccey once csccns 621 
Georci, E.A. The rosin acids (Ar)....... 415 
Grsson, A. Plastics: shellac and 

natural resin types and their uses (Ab) 579 
Guasogz, P. . Residue of high-school 

knowledge utilizable in college chem- 

SNWINND vo vot 44 sas cangGgueadaacn an 571 
Guiem, D.I. Ammonium chloride growths 

BE) eRe ae ee 347 

Gorr, M. A. The quantitative balance in 
general CROMIIET TAD). 5 c0ccccccene -- 608 

Gonr, E. J.—See Byrne, P. J. 

Gorpon, H. B. “Home-made” Cottrell- 
Washburn boiling-point apparatus (Ar) 489 

Simple cell for the study of conductance 

SO er PAN 440 
Gorpon, S. M. ann E. W. SHAND. Surface 

tension of tooth paste solutions (Ab).. 253 
Greene, C. H. The chemistry of glass sve 
GREENSLADE, T. B. Freezing-point lower- 

DOG COED viisccnvecveswesw cats aeeeks 353 
GREENSPAN, J. The structure of dicar- 

boxy compounds from ee and 

reaction velocity data (Ab)...... seas. Oe 

Greco, A. University patents (Ab). ae 446 

GrirFIn, Cc. W. Calculation of simplest 
formula from percentage composition 
ES I re ree ee 575 

GriFFiTH, I., editor. 

(B) Vo i _ EEA Te 64 

LS RE OnE OF 760 

Grote, I. W. anp J. H. Barnett. A simple 
reversible photochemical experiment 
LAE) ciseseeoe¥ecegaenuers ee 43 

HADDON,C.L. Gypsum (Ab)......... 381 

Haccerty, C. J. A modified mercury- 
POMEL MRAROOE LAID) 6 6 <5 50:5.5 6'6:00.6 5.06-2.0:0 57 

Haun, O. From the ponderable to the im- 
ee Le rere rere 446 

Haz, H. anv E. L. Netson. Presidents 
of the American Chemical a Coen (Ab) 254 

Hare, W. J. A decade of advance in or- 
ganic chemical manufacture (Ar)..... 464 

Chemistry triumphant (CB). wcrccsccccecs 382 

Hatt, B. How to take pictures with your 
1 we f° 5 IRIE nanan 381 

HAtter, H. L.—See Larorce, F. B. 

HALVoRSON, H. A. anp L. L. Lacwar. 
Control assays of commercial vitamin-D 
i | ORO Oe 450 

Hammer, A. J. Some problems of the 
chemist in the flour industry (Ab).... 381 

Hammonp, W. G. Easy ways to identify 
modern alloys (AD). .....c6650seuse08 59 

Haney, H. R. The story of zinc (Ar) I 4 
Ss sain aehib ee Sikh iki Baie e-Bram eraserd Bis ieceia ieee 6: 

Harpinc, T. S. The humanism of 
RO IND isis 5 6: Heacercae ale vio ae 124 

Harpy, V. R.—See Smirtu, G. F. 

HaRRINGTON, E. L. The “rotette” or an 
apparatus for handling small quan- 
tities of liquids with rapidity and pre- 
CR TA a cin cance v.05 bana oa eek 251 

Harris, J. A. AND W. Ure. Experimental 
chemistry POF MOMBOR IOI) < 6.0:0.00% 4 v.00 6% 62 

Harrow, B. anp C. Funk. The male 
en IE EE GR RF 338 

Harteck, P.—See Gers, K. H. 

Hass, H. B. anp F. D. MarTIN. A gradu- 
ate course in eg mg | technic (Ar) 29 

Hatcuer, J. B.—See Yost, D. 

Have, H. . F. How dependable is 
a) Spree e Pr  Pe ar er 510 

Hausen, S. S. A test-tube container for 
photochemical experiments (Ar)..... 188 

The derivations of the names ‘of the ele- 

TEE CIN. 0060 sc0cccceuad eeedsns 227 
aa A. The progress of atomic physics 
Haynes, W. Discounting the chemical 

TRIO IND sie 0s sais as csaicer'g es 

Correspondence 

Hazveuurst, T. H., Jr. Demonstrating 

the oxidation of ammonia (Ar)..... 
See Lone, J. S. 

HEADLEE, A. J. W.—See Morris, S. 

Hepces, E.S. Electrical factors of colloid 
WRT CAD viking 55 00 ton eee 22, 315 

HELDMANN, W. Blast-furnace demonstra- 
tion experiment (Ab)................ 512 


HeENwoop, A. AND R. Garey. The sup- 
pression of sulfuric acid mist in Kjeldahl 
digestions (Ab) 

Herriott, M.E. Scientific textbook selec- 
tion (Ab 

Hess, F. L. A half-dozen minerals used in 
chemical industry (Ar) 

HASKELL, B., Jr. A banker’s viewpoint of 
industrial research ( 

Hi, G. A. AND L. KELLEy. Organic chem- 
SU cre oo slece wa Wisin se 3 eK eae ae 

Hrrscu, A. Chemical progress in the 
U.S.S.R. (Ab) 


Hitcucock, D. I. Physical orm! A for 
students of biology and medicine (B) 
Hogon, F. Possibilities of visual- 
sensory aids in education (Ab). 
Hotcoms, universal dilatometer 
Oe re eh ee be ee 
Hooker, C. W. R.—See Wootton, H. A. 
Hooton, A. W. Demonstration of the 
Solvay process (Ar)...........00--: 
ee C. R. Industrial waste disposal 
Hopkins, B.S. Essentials of college chem- 
istry (B) 
Symposium on laboratory notebooks, 
records, and reports. 2. In the col- 
lege (Ar. 
Hopkins, F. G. Some chemical aspects of 
life (Ab) Ri dientarene ciotarn 4 Pee Dasie eka e tie’ 
Hoprock, R. Courses in careers (Ab).. 
Hormispas, THE REv. BROTHER. Modi- 
ag water-bath thermostat (Ar)...... 
Horn . Sugar consumption and 
y= dl Ea PE rns 
Horvath, A. A, i 
in the U. S. (Ar) 
Horwoop, M. P. 
EE ee 
Hosvam, R. T.— See Byrne, P. J. 
Howarp, J. W. Agates (Ar) 
TS AAA eee 
Hows.i, W.H. Appropriations for grants 
in aid by the National Research Coun- 
Con oa ovine e ves ona bes cto 144s 
Hutu, C. ano C, J. West. The ninth cen- 
sus of graduate research students in 
chemistry, 1932 (Ar) 
See WEstT, . 
Hunt, H. Spectroscopy in chemistry. I. 
Flame spectra (Ar) 
Hunter, G. W. anp R. Knapp. Science 
objectives at the junior-and-senior high- 
school level (Ab) 
ao, > C. The discovery of rhenium 





Hurp-Karrer, A. M.—See NEtson, E. N. 
Hourcuins, R. 'M. Education and the fu- 
ture (Ab) 


INGERSOLL, C. D. Leatherboard may 
absorb all leather scrap (Ab)......... 
ISENBURGER, H. R. Making radiographic 
inspections of chemical equipment (Ab) 


JACKSON, D. H. Facilitating higher 
vacuums in industrial processes (Ab).. 

Jackson, K. E. Phosgene (Ar) 

JACOBSON, A. _A_ proposed encyclo- 
pexdia of chemical reactions (Ar). . 

James, T. E. Tercentenary of Samuel 
WOU CMD cokaidaba cave acdctccecss 

JEREMIASSEN, F. anD H. Svanor. Super- 
saturation) control attains close crystal 
MEUREIIAD 5 -c'g Gia.6:4:408 Dinca 0.80 inis Sa eae 

Jounson, C. anp C. E. Burke. A simple 
apparatus for preparing aldehydes. "7 
warning AS 

Jounson, J. R.—See Apams, R. 

Jones, B.—See SINGLETON, Ww. 

JONES, 8 L. Carbon dioxide in industry 


JuNG, A AND W. ZIEGLER. A simple 
— of preparing pure, dry HBr 


KAMMIN, H. Demonstration based on 
the photoflash lamp (Ar) 

Karns, G. M.—See Beaumont, A. B. 

KARRER, W. | Progress report in the field of 
organic chemistry. IV. Natural prod- 
ucts of mostly unknown constitution 


A 

Katz, D. Pocket tables for cubics (B).... 

Kaye, W. A.—See DuBors, R. 

Kayser, T. New inorganic heat carrier 
for super-temperature heating (Ab)... 

Kerenen, F. G.—See PARKER, F. W. 

Ke.iey, L.—See Hit, G 

Ke sey, E. B. anp H. G. Drerricn. Labo- 
ratory manual to accompany (Brinkley’s) 
“Principles of general chemistry” (B). 

Kenrick, F. B. An introduction to chem- 
I CRD oo. voces ccna ss yee ne dA ea Raee 


190 
709 
560 
125 


404 


758 
123 


576 
757 


127 

67 
713 
318 
499 
487 


124 
605 


709 


122 


59 
622 


614 
445 


122 


641 


315 


191 


512 


566. 


317 
450 


642 


759 
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Keyes, D. B. Dev ts in ch 1 
engineering a MNS srk c'aibre ax 
Krentz, T. H. anp C. S. Fercuson. Al- 
kyd resins in industry (Ab)........... 
Krerrer, D. H. Refrigeration in chemi- 
cal industries. A survey of applica- 
tions ig is eels Rik ao yee ae Riel a CNT EN 
KIMBALL, R. Preparation of CH:I or 


C:HsI ee, CHI: (Ar 
Kine, C. V.—See ARTHUR, P. 
KIrKPATRICK, Ss. D. Building an integrated 

industry in times of depression (Ab).. 

(editor) Twenty-five years of chemical engi- 

neering progress (B) 
KLEINFELLER, H. Progress report in or- 

ganic chemistry 1929 to 1931. II. 

Acyclic series (Ab) 
KLEINSCHMIDT, R. V. Handling high pres- 

sures in chemical — CS) ee 
Knapp, R.—See HuNTER, G. 

KNEPLER, A. E. Who sa “judge the 
teacher? (Ab) 
Kose, K.A. Chemical warfare in mob and 
ctime control (Ab 
Class exercises in the industrial chemistry 
course (Ar) .I. Topic reports on 
ee a , ee ee ere 

II. Economic survey of a _ chemical 

I in 6565 6060043 Han eriene whe 
Kouman, E. F. Microbiological develop- 

ments old and new (Ar) 
Kowarsky, I. Electroplating with zinc- 

GRIER CAI Go tiad ee Coase ea Wowsis 
Kralissi, F.,Sr. A history of the chemical 

apparatus industry (Ar) 


REE EE LEE eee 
Kraus, C. A. The background of science 
OUR ARIE CAs goss ts dadcons beesees 


LACHAT, L. L.—See Hatvorson, H. A. 

Lapoo, R. B. Case for rosin-wax sizes (Ab) 

LarorcGE, F. B., H. L. HALLER, AND L. E. 
SmitH. The determination of the 
structure of rotenone (Ab) 

Lamont, T. W. Our universities in an un- 
SOCRIOM WORE CBI i.e 6s cvo:s.e t.0: eae cos 

LANDOLT, P. E. Cement industry looks 
eg by-product potash recovery 

b 


LANGER, R. M. Cosmic rays are photons, 
Dr. Millikan declares (Ab) 
Eddington’s theory of the electron (Ab) 
LANGKAMMERER, C. M. Work of Richard 
Kuhn on the polyenes (Ar).......... 
LANGmurIR, I. Chemical surface 
nomena. ‘‘A classic of science”’ fab) 
Laureate explains his present work (Ab) 
LANGWELL, H. Cellulose fermentation 


Laurens,H. Physiological effects of radiant 
CIN CIIES cc crcca Cn aas eee be utes es 
LE VescontE, A.—See Naytor, N. M. 
LEHRMAN, L. Studies in the precipitation 
of the copper and tin groups using hy- 
drogen sulfide (Ar 
Lemon, H. B.—See ScHLESINGER, H. I. 
LEvINE, H. AnD R. E. Remincton. Is 
goiter due to an iodine deficiency per 
se? (Ar) 
Lewis, J. R. Analogies in teaching fresh- 
man chemistry (Ar 
LittLer, H. G. The production and uses 
Ge WOE Ge TO ao oe vevnccccescus 
Livincston, B. E., editor. The Atlantic 
City meeting of the American Associa- 
tion for the Advancement of Science 
and associated societies (Ab) 
Locute, H. L. Electromotive force table 
and oxidation-reduction reactions (Ar) 
Lone, J. S., ANDERSON, AND T. H. 
HAZLEHURST, Jr. Qualitative analysis 


Lone, J. S. anp R, D. Bittincer. Experi- 
periments in inorganic chemistry (B).. 

Louver, H. U.— See Yous, G. R. 

Lowy, A. Chart s recent ‘aliphatic chemi- 


cals. I CRD sicccaw cess satce wise ges 
Luck, J. M., editor. Annual review of bio- 
fo eR | eS ee 


MA LING-YUN ann H. A. Wess. Chemi- 
cal terms in the Chinese language (Ar). 


Marin, R. J. Biologic indicators of preg- 
re pn are re 
maa e. ty March of electrochem- 
SS SE ae ec ALY GET SS 
Sparks from ‘< electrode (B)............ 
MarsHati, A. E. An Assyrian text on 
glass manufacture (Ar).............. 
Martin, F. D.—See Hass, H. B. 
Marx, P. F. Slide-rule simplifies gas cal- 
IN oon vat ath esas an cde 
McAtpingE, R. K. anp B. A. Soutze. Quali- 
tative chemical analysis (B)........... 
McBrIpkE, hemical engineering 


problems in hardwood distillation (Ab) 
Hardwood distillation faces new eco- 
nomic and raw material problems (Ab) 


122 


58 
747 


511 
646 


59 
642 


123 
315 


679 
738 
543 
381 


519 
630 


709 


315 


513 
255 


643 


190 
121 


343 


254 
125 


315 
515 


50 


649 
627 
708 


318 
373 


447 
62 


60 
582 


733 
171 


445 
516 


267 


60 
447 
122 

58 


Making sulfur in city gas a profitable by- 
product (Ab 
Marketing and industrial uses of charcoal 


McE-vain, S. M.—See Apxins, H. 
McGuumpay, J. H. anp J. W. EICHINGER, 
Uy Levulose, the sugar of the future 
Ar 
CenPGeOMOMOR. 666s cccvcccsevcesveces 
McNen, H. C. Balancing equations (C) 
McQuarriz, I. Some contributions of bio- 
chemistry to the study of epilepsy (Ar) 
MEBLIG, J. P.—See MELLON, M. 
MuterEs, M. Experiments with carbon 
|) ERA SEO ere AN ene ey Be 
Recent educational research in science 
teaching (Ab) 
MEvpruM, A. N. Lavoisier’s early work in 
science, 1763-71 (Ab) 
MELpDRUvUM, W. B. anp W. E. CapBury, JR. 
Calibration of apparatus as an exercise 


in quantitative analysis (Ar) eyes 
MEtton, M.G. Exercise in indirect analy- 
GE CAbcccccexcccutwdecceenwuceus 


Non-chemical publications important in 
chemistry (Ar 
References to scientific literature Ne 
Time-lag in chemical literature (Ar).. 
See FERNER, G. W. 
—,G. W. FERNER, AND J. P. MEHLIG. 
Analytical uses of color (Ar) 
MEtvin, A.G. The impeding college (Ab) 
MENSHUTKIN, B. N. The most important 
milestones in the development of 
chemistry during the last one hundred 
and fifty years (Ab)............-+-- 


Mippteton, A. R. Hetero- and iso-poly 
acids (Ar) POE CT PP ELORTE LT CRO CL .s 
Mitier, H. Eliminating guesswork in 


materials of construction (Ab) 
Miter, L. P. The effective use of visual 
aids in science instruction (Ab) 
MILter, M. C.—See Witmer, E. M. 
Miiter, R. A. Chemistry in the glass in- 
dustry oS IRE ee Ferrie 
ONROE, G. E. How we may meet indi- 
vidual differences in high-school chem- 
istry (Ab) 
Morris, S. anp A. J. W. HEADLEE. 
bre experiments in general chemistry 


Morrison, G. O. ano T. P. D. SHaw. 
Viny] plastics from carbide (Ab)...... 

Morrison, J. O.—See Coruins, E. M. 

Mory, A. V.H. Plastics with special refer- 
ence to phenol-aldehyde condensation 


WO Gis cccccnestcccvecenesce 
Mosg.ey, H. W. On the death of Louis 
Pasteur (An) PPLE ES IE RR OE 
Moutton, S. C. Mathematical problem 
WU Ee ec vckceceecanndsuenteseaces 
Mottrer, E. Progress report in the field of 
organic chemistry. 1929-31. Ill. 


Ieocyelic series (AD)... 0c csccccceses 
Monro, L. Simple time-savers in the 
preparation of solutions (Ar) 
Munro, W. B. self-study of college 
teaching CO ccunsigcrcncaseecacen® 
Morray, W.S. Indium see in com- 
mercial quantities (Ab) 
Muskat, I. E. Chemical exhibits at A 
Conary OF Prosrene CAR). «0. s:0s0065.: 
Myers, R.G. Useless scientific or chemi- 
cal knowledge (C) 


NAPHTALI, M. A new type of shatter- 
WEGOE GINS CAD) v5 osee cons ccesecectce 
Nayvor, N. AND A. LE VESCONTE. In- 
troductory chemistry with household ap- 
SIE CHING i io 5+ heen seturxcass 
NEALy, J. B. Gas fuel improves the lime 
kiln efficiency (Ab) 
Neckers, J. W. George M. Browne (Ar). 
Netson, E. K. The isolation of hexuronic 
QM oh 0 k-6cnineeebirdeedbatess 

Netson, E. L.—See Hae, H. 

NELSON, E. N., A. M. Hurp-Karrer, AND 
W. O. Rosinson. Selenium as an in- 
secticide A as REE RAT COL EVESM ECE EC URS 

NELson, J. Enzymes from the stand- 
point Be the chemistry of invertase 

) 


NevusBercerR, A. The technical arts and 
sciences of the ancients (B) 
NEWELL, L. C. hemistry in the service 
of Egyptology Ss ccusels 40-40 ke eees 
Peter Porcupine’s persecution of Priest- 


WO CRG ireiccndevei cu crararcuiesaes 
NIERENSTEIN, M. AND P. F. CHAPMAN. 
Enquiry into the authorship of the 
“Ordinal of Alchimy” (Ab).......... 
Norris, J. F. Experimental organic chem- 
istry Cts 6 sche eeakNs des eeeteceee.s 


Norris, W. V. Survey course of the phys- 

ical a for college freshmen (Ar) 
Noyes, W. A. anv W. A. NOYES, Jr. 
Modern MEE o's. n se cueeduesees 


708 
191 


453 
707 
205 


60 
254 
709 


504 
493 
619 
284 


691 
124 


319 
726 
253 

60 


58 


254 


637 
578 


59 
342 
314 


123 
120 
191 
59 
387 
56 


121 


514 


642 
222 


58 


708 


445 
319 
259 
151 


60 
645 
631 


763 


OLIVE, T. R. Craftsmanship in chemical 
CP errr eee 
OPPENHAUER, R. AND T. REICHSTEIN. Prog- 
ress report in the field of organic chem- 
ep Sg ee 
Orr, S. T. By-product CO: builds a new 
refrigerant business (Ab) 
Orr, i Substitute for equivalent 
weight (Ar) 


PACKER, P.C. The college of education 
and the university (Ab).............. 
Pace.t, H. A.—See Brown, x 
PARKER, F. W. AND F. G. KEENEN. Urea- 
ammonia liquor: a new fertilizer ma- 
Cr cccecteccscucadeakeane 
Parks, W. G. Constructive qualitative 
MEBINOIUM icccacedsavedsseeecuas 
PARTINGTON, J. R. Manchester scientists 
of former days. 1. Chemists (Ab) 
a works of Joseph Priestley 
PaTNODE, W. The relation of chemistry 
to the insulation of electrical ma- 
GENO ORD ic a Cusccaceuseuiceens 
PaTtTEE, E. C. Rice: a raw material for 
process industries (Ab)............... 
PATTERSON, A. . Meaning of ‘‘antisep- 
tab) “disinfectant, ” and related words 
PsecraM, G. B., A. H. Compton, B. Davis, 
. SINCLAIR, AND W. F. Brown. The 
scientific work of the government (Ab) 
Pritcke, M., editor. Generalregister VII 
iiber die Jahrginge 1925-29 des Chem- 
ischen Zentralblatis (B)............... 
—— J. B. Industrial hydrogenation 
Pieper, C. J. Research studies relating 
to the teaching of science (Ab) 
PIGGoT, k adium content of ocean 
bottom sediments (Ab)............. 
PoiinG, E. anp G. R. Youre. Reaction of 
pyrex glass with NazCOs (Ar) 
PoTTER, . A survey of the plastic 
SNINES CAD, coc cc cece dsccueccecewe 
Plastics and what they are (Ab) 
Pouteur, A. L. The use of models to 
show the electron transfer in equa- 
Wek whadaccacs ca cusen ces 
— T.R. The versatile lantern slide 
Pruitt, C. M. Academic requirements 
necessary to teaching science (Ab).... 


RAE, W. N.—See REItty, J. 

RakKESTRAW, N. W. Symposium on labora- 
tory notebooks, records, and reports. 5. 
Oe 1” ee eer 

Raw.inson, H. The hypochlorites as dis- 
SRINGURIM CA oc cant ce ccececcamans 

Reap, J. Humor and humanism in 
Baeyer’s laboratory (Ab)............. 

Reap, W. T. Industrial chemistry (B).... 

REDDELIEN, G. Angelo Knorr (Ab) 

REED, E. O. Chemistry of paper making 


CRE eer cucdecoddccedaneeces 
Reepy, J. H. 

analysis dé Mend edaeucniechedewes 
REICHSTEIN, T.—See OPPENAUER, R. 
a D. The Birkeland-Eyde process 


REILLY, J. AND W. N. RAE. 
CORES CB ila died ctcdevidnddvaee 
REITSTOTTER, J.—See BRAUER, A. 
REMINGTON, R. E.—See LEvineE, H. 
RHEINBOLDT, H. The formation of sodium 
formate from NaOH and CO—a lec- 
ture — (Ab) 
RuHopEs, J. . Phase rule studies (B) 
RIcuH, P. c weeks Marsh yields its so- 
Girtee arlinSe GAD) oo cicccccccccccccces 
RicHarpson, H. M._ Uses of phenolic lami- 
nated and ae molded products (Ab) 
Rrxon, F. W. new diagram of the 
periodic his CP cance seuneweaces 
Rosertson, G. R. The fractionating 
column in preparation of acetone (Ar) 
RosBertson, J. A constant-level de- 
vice for constant-temperature water 
baths (Ar) 
Rosinson, F. J.—See Scnuette, H. A. 


Rosinson, W. O.—See NELSON, E. N. 
ROHRMAN, F. A. Corrosion, the billion- 
dollar thief (Ar) I. Introduction, 


definition, and elementary 
COMGOIEB ck cccdscecnceecectvcnecece 
II. The factors affecting corrosion... 
or aaa testing and prevention of cor- 
Reon, c The American Association for 
the Advancement of Science (Ab).. 
Rosz, R. E. Symposium on laboratory 


history, 


notebooks, records, and reports. 4. 
Fae Pt Tigo ode tc ccanqeccace 
ROTHER, Utilizing cast iron in 


chemical equipment (Ab) 


642 


253 
511 
312 


191 


448 
381 
709 
380 
242 
122 
579 

60 
643 
709 


413 
380 
445 
60 
380 
62 


512 
450 


316 
645 


579 
122 
446 
704 


141 
215 


297 
125 


411 





764 


RoutH, I. B. Recent advances in the 
chemistry of vitamins (Ar).......... 


SACHS, A. P. Inventor of methods 
[Friedrich Wilhelm Ostwald] (Ab). 
Sacuge, M. L. Chemistry at Vassar (Ab) 
SAMPEY, J. D. Anapproach to the modern 
theory of solutions (Ar)............ 
Sampson, P. N. Preparation of a Bunsen 
PIN MIENSD Gc, oh orha S vrsace a Gog 15 cle 34-9 
SanverRA, K. A simple quinhydrone elec- 
8S RRR nr er ere 
Sanpers, M. A. “Merit system” 
science clubs (C 
Sanrorp, W. B. Electric furnace for cal- 
cium carbide preparation (Ar) 
Savin, R. B. Dental chemistry (Ab).. 
Saytor, J. H. ann J. M. A. DEBRUYNE. 
Simple vacuum tube oscillator for con- 
ductivity experiments (Ar).......... 


Scuarr, F. Demand and _ supply _ of 
younger generation of chemists in Ger- 
TS die (5 a See ean 


ScHERER, P. C., Jr., Cellulose and its place 
in industry. (Ar) RR AP Pry er 
ScHERRER, J. A. Rubber beaker rings for 
accelerating evaporation on steam bath 
SUMED CS Gay atshG 15 oso hg 4th Ge eie.'o 0 
ScHLENK, W. Progress report in the field of 
organic chemistry, 1929-31 (Ab).... 


ScHLESINGER, H. I. anp H. B. Lemon. 
[Guides to sound films] 1. Oxidation 
and reduction. 2. Molecular theory 
hk ae eee 

Scuiunpt, H., . G. Futon, anv F. 
a Radium-water generators 


Scumitt, F. E. Construction challenges 
chemical engineering talents (Ab). 
ScuuettTr, H. A. anv F. J. ROBINSON. 

ey ES Ae ee heen 
Searce, H. E. Nickel and nickel alloys 
in the chemical field today (Ab) 
Sears, G. W. A theoretical point of view 
as the teaching of inorganic chemistry 


SEGERBLOM, W. Symposium on laboratory 
notebooks, records, and reports. 1. 
In the secondary school (Ar)........ 
SeLBerG, E. M. A plan for developing a 
better technic in giving science demon- 
strations (Ab) 
Suanp, E. W.—See Gorpon, S. M. 
SuHaw, "T. P. D.—See Morrison, G. O. 
SHEPPARD, O. E. Cost of chemical instruc- 
OL Re ree rrr 
SHERMAN, J. Crystal energies of ionic 
compounds and thermochemical appli- 
EA a ee oe ae 
Sureve, R. N. Organic technology (Ar) 
— anv J. T. Foros. Facilitating the 
study of German for chemists (Ar).... 
ee W. R. Chemistry and nutrition 


Srpewick, N. V. Some physical properties 
of the covalent link in chemistry (B).. 
SIEBENEICHER, H.—See BRAUER, A. 
wee P. Who are the good teachers? 
an ee ee 
Srmonsen, J. L. The terpenes. Vol. 2. 
the dicyclic terpenes, sesquiterpenes, and 
their derivatives (B) 
SrncLarir, D.—See PeGrRaM, G. B. 
SINGLETON, W. AND B. Jones. Some ef- 
fects of the addition of tellurium to 
SON RR eRe er ere ne 
SKINNER, H. J. Cellulose in industry (Ab) 
Sir, E. C. Scientific centenaries in 1933 


Ab PTC eT OT Ee eee. 
SmitH, F. W. 
tions (C) 
Counting the cost (C) 
Suggested experiment for high-school 
RMN cncas oss ceens vente nn ee 
Situ, G. A.—See Your, G .R. 
Smiro, G. F. anp V. R. Harpy. Rapid 
preparation of anhydrous sodium car- 
bonate for use in acidimetry (Ar).... 
Smiru, G. McP. Quantitative chemical 
eS a ee Peer ers te 
Situ, L. E.—See Larorce, F. 
Soppy, F. The inter pretation of the atom 
Soute, B. A.—See MCALPINE, R. K. 
SPALDING, L. A new nomenclature of chem- 
istry (B) eh a A Oe SN re i 
Sporrri, P. E. The rdle of microchemistry 
in chemical education (Ar) 
Sproxton, F. Plastics: celluloid and 
casein types and their uses (Ab)...... 
Srapig, W. C. AND S. L. WricHrt, JR. 





inexpensive ren Cab for tempera- 
tures up to 1000°C. (Ab) 


13 


317 
124 


677 
251 
512 
250 
420 
122 
703 


125 
131 


315 


430 


403 


60 


635 
59 
181 
33 
511 
760 


123 


511 
58 


317 


250 
250 


379 


507 


581 


64 


319 
491 
579 


STaFForpD, J. Intoxicating drink cannot 
be scientifically defined now (Ab).. 
Stren, E. Ultra-violet light and for- 

SOY CA ccs ic cvusccessecuseusseest 
Stern, A. W. Cosmic rays—experiment 
and conjecture (Ar) 
STILLWELL, C. . Chapters in crystal 
chemistry for college freshmen (Ar). 


5 ER eee re eter 
PEER 5 cad spaee eeu ae eaeteevaneee 
Stott, A. Ein Gang durch biochemische 
Forschungsarbeiten BP ee ee 
Strong, I. A stable reagent for detecting 
—e. CO PRE RRS rey rene 
Strong, J. R.—See Coxtins, E. M. 
StracHan, E. K. Electrodeposition of 
metals COD. cctuncaccsbecaseeenes 


Srraicut, H.R. Use of de-airing for clays 
and other plastic products (A 

Sruit, D. B. anD M. D. ENGLEHART. A 
critical summary of the research on the 
lecture-demonstration versus the indi- 
vidual-laboratory method of teaching 
high-school chemistry (Ab) 

Svanor, H.—See JEREMIASSEN, F. 

Swirt, A. H.—See Concannon, C. C. 

SyMoNDs, P.M. Characteristics of a good 
dissertation in education (Ab) 


TAFT, R. The beginning of liquid am- 
monia research in the U. S. (Ar) 
TAYLOR, . . Economic position of 
NS NOR hci agi eer css 4 Bas cd Rios 
Taytor, F. M.—See Fisu, F. H. 
TEETER, H. M. Phosphine for demon- 
strations (Ar) 
TER MEULEN, H. Distribution of molyb- 
MIR a fa i or50s os edk arscdcroha keto 
TuiEssen, G. W. Improved apparatus for 
demonstration of fixation of atmos- 
pheric nitrogen (Ar)...........-ce00. 
THOMLINSON, J.— See FISHER, E. A. 
Tuompson, C. The lure and romance 
ny fee ne (| en ee ere 
E. What is the outlook for iron 
and steel? (Ab) 
TreRIE, G. Cornelis Drebbel (B).......... 
TIMM, cy: A. The cultural, or pandemic, 
chemistry course after six years of trial 
Ar 


THUM 


Tosey, J. A. The minerals in milk (Ab) 
Toor, E.—See Barta, L. 

Town, G. G. Valuable by-products of 
qualitative chemical analyses (Ar). 
TRILLINGHAM, Cc. C. Homogeneous group- 

ing 
Trump, E. N. Looking back at 50 years in 
ammonia-soda alkali industry (Ab) 
TuRNER,R.G. Medical aspects of vitamin 
A as an anti-infective agent (Ar) 
TuRNER,S. Gold ( 
TurRILL, P. L. Public liability and chemi- 
cal education (Ar) I 


Twiss, D. F. Industrial uses of rubber 
latex (Ab).. Face aie ere canes 


URE, W.—See Harris, J. A. 


VAIL, J. G. Sodium silicates, colloidal and 
es errs Tee 
Van Kiooster, H. S. Simple phase equi- 
librium experiment (Ar). 
Van Pracu, G. Le Chatelier’ s ‘principle, 
1S re eee A rea 
Veazey, W.R. The objectives of a oo 
in chemical engineering (Ab) 
Vernon, C. C. An inexpensive flame 
shield Rc bivayGs Drews Cae Ne oe ae 
Inexpensive apparatus (Ar)............. 
VILBRANDT, The cataloging of chem- 
ical engineering trade literature accord- 
ing to unit operations (Ar) 


WAGGAMAN, W. H. Phosphate rock 
industry of the U. S. (Ar) I.......... 
BR ee reise. 4.b.b's 1a CLS CAR ele Dees 
WAGNER, E. C. Some student experiments 
in and out of the cycloparaffin series 
ON RESO er oe ee ee eane 
Waites, R. B. Chemicals you can make in 
your home laboratory (Ab) 
Experiments in electrochemistry (Ab).. 
Experiments with carbon for the home 
chemist’s laboratory (Ab) 
Experiments with colloids for the home 
ce | ae ae ee ee 
Experiments. with solutions (Ab) ees 
Giant explosions reproduced in miniature 
by home chemists (Ab) 





JouRNAL OF CHEMICAL EDUCATION 


255 


708 


255 


0, 316 


113 


190 


Home laboratory stunts you can easily do 


EN | re: ae 
Tests you can make with light and chem- 
RIE ID ies Wale c.a.b's 64709 4c ale Wie bees 
Waker, D. I. Simple gas B porwr d (Ar) 
WALKER, F. Early history of acetaldehyde 
and formaldehyde (Ar).............- 
Watrace, H. A. ‘The value of scientific re- 
search to agriculture (Ab)............. 


WarraTH, O. J. A oncom ee chemical 
balance (Ar) 
Chemistry in 1858 (Ab) 
Individual and group projects in chem- 
istry (Ab) 
Warp, C. A. Building a potash industry 

in New Mexico (Ab 
Warren, L. E. Visible demonstration of 
the action of automatic extractors (Ar) 


Way.ine, H. Priestley’s associations 
Wet Donde CAD). 6 os ss.cecccs eases 
Weaver, E. C. Sulfur extraction working 
morrli(Aty A ee ee 


Wess, H. A.— See Ma LING-YUN. 
WEBER, W. C. Making strong phosphoric 


acid at Trail HIN Ss creole 6-016 6/6000. 6 6r¥r010' 
Phosphoric acid imposes severe corrosive 
MR NANI 6 oy. cia 9 paves ove 0c: dib:09 8014.90" 
WECHSLER, R. Research creates new 
markets for sulfonated oils (Ab)...... 


WEEKs, L. F. A method for introducing 
the liquid into the Victor Meyer ap- 
CI Ris ka vaces ccc bencecaes nce 

WEEKS, M.E. Credit where due (C)..... 

The discovery of the elements (Ar). 
XIX. The radioactive elements.... 
XX. Recently discovered elements 
XXI. Supplementary note on the dis- 
covery of phosphorus.............. 
Chronology. . ee 
The discovery of the elements (B). : 

WEISER, H. B. Inorganic colloid chemistry. 
Vol. 1 RRR. 5. 55/640 CAITEIM EE ha oe 

WELLINGS, R. E. Demonstrating atomic 
RR MUCUUDE RE) «6s. 5 esis 4 ik iarg g.89-0 8 8.0 w4- 08s 

WEST, . J., editor. Annual survey o, 
American aac Vol. VII, 1932 (B 

See Hutt, C. 

— anv C. Huty. Doctorates conferred 
in the sciences by American univer- 
sities, 1931-32 (Ab).......+-cessse0- 

Doctorates in chemistry and related 

fields conferred by American universi- 
ties, 1932-33 (Ar) 

Industrial research laboratories of the U. S., 

including consulting research laboratories 


WEST, Influence of high-school 
anemee on grades in college chemistry 
Waite, C. E. A_ laboratory manual of 
general cheméisiry (B).... 0000 ccceseues 
Wages. E. A. Teaching atomic weights 
WitHetm, D. The book of metals (B)..... 
Wirxkins, E. H. The teacher as a col- 
league bs gkisce baa ee sake 6. Kees 
WILvarp, H. H. ann N. H. Furman. 
mentary quantitative analysis (B)...... 
Witrarp, M. L.—See BLank, E. W. 
Wituiams, H. R. A rubber stamp (Ar).. 
WILLSTATTER, R. A chemist’s retrospects 
and perspectives (Ab) 
Wrson, E. Cleaning sodium metal (Ar) 
WITMER, E. M. anp M. C. Miter. U.S. 
Ofice of Education serial publications 


WottHorn, H. Liquid ammonia as a sol- 
vent and reaction medium (Ab)....... 
Woopwarp, Chemical plant design 


Woorron, H. me oa GC. W.R. Hooxer. A 
textbook of chemistry (B)............++. 
Wricat, S. L., Jr.— See STADIE, W. C. 


YAGODA,H. The measurement of density 
by the flotation method (Ab)......... 

Your, G. R., H. U. Louper, ann G. A. 
Smitx. New laboratory preparations 
for the course in organic chemistry. 
IV. Pentanone-2 and pentanone-3 by 
the oxidation of the corresponding 
secondary one Bais reg 5s cov oes 

See also PoLine, E. 

YVonxmMan, F. F. Sit Cellophane for lan- 
ES Sareea ee 

Yost, D. M. anv J. B. Hatcuer. The 
chemistry of fluorine (Ar)............ 

Yuan, H. C.—See Apams, R. 


ZIEGLER, W.—See June, G. 
ZuckER, T. F. The use of vitamin D from 
cod- liver oil in milk and bread (Ab).. 
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191 
581 
278 
758 
395 
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ABEL, Professor, Award of the Philip A. 
Conne Medal to. ANon. (Ab 
Accidents in laboratories—See Public liabil- 
ity and chemical education (Ar) 
Acstaleuberde and formaldehyde, Early his- 
tory of. F. WALKER (Ar 
Acetone, preparation of, The fractionating 
column in. . R. ROBERTSON (. 
Achievement, Aptitude and its relation to, 
in general chemistry. W. J. Bray (Ab) 
Acidimetry, Rapid preparation of anhy- 
drous sodium carbonate for use in. G. 
F. Smit anv V. R. Harpy (Ar)...... 
Acids, detection of, ig meny of metal 


ions in the. L. J. CURTMAN AND S. 
_ EDMONDS EY scm carte Eo 5 ea a accu une 
Acids, Hetero- and _ iso-poly. A 


MIDDLETON (Ar) 
Acids, Manufacture of mineral—See The 
most important improvements in the 
inorganic industry made in the years 
1927-31 (Ab). $..0...0.sseeeseeeeees 
Acids, The rosin. E. A. Georet (Ar)..... 
Actinium series of elements—See The dis- 
covery of the elements. XIX (Ar).... 
Administrative chemist, An. (Henry G. 


Knight.) H. G. BYERS (Ab).. 
Adsorption isotherm, Langmuir’s, A ‘deriva- 

tion of. P. G. Birp Sean 
Agates. J. W. Howarp (Ar)............. 
aan Cheap, for chemists. ANON 


Agricultural prosperity, eT of, on 
chemical industry. C. J. BRAND (Ab). 
Agriculture, The value of scientific research 
to. =H. A. WattAce (AB)......00...- 
Agrippa, Heinrich Cornelius, von Nette- 
COS SR aE ee er eee 
Aids, Chemistry. A.M. Ewrnc (C)...... 
Air conditioning—See New fields of oppor- 
CIE UR Isc a- va cc demecucavsuaquess 
Air pump, Simple. Anon. (Ab) 
Alabamine (element 85) — See Credit where 
ME ea srcoksre ud ceoeeee ae cbeelcness 
The discovery of the elements. XX (Ar). 
The magneto-optic method of analysis 


Ar 
Albertus Magnus (F)..............,-.+.- 
Alchemy, An ancient Chinese treatise on, 

entitled ‘“‘Ts’an T’ung Ch’i” (Ab) 
Alchemy—See Enquiry into the authorship 

of the ‘‘Ordinall of Alchimy”’ (Ab) 
Alchemy and alchemists. ANON. (Ab).. 
Alchemical manuscripts in America........ 
Alcohol through the ages. E. F. ARMSTRONG 

Ab 


Alcoholic fermentation, The solved riddle 
of—See Microbiological developments 
old and new (Ar) 

Aldehyde, A simple apparatus for preparing. 
O. L. Bartz (Ab) 

COTPPEAOROO. o's 3.i0c o's.« 5:6 te caicse ds crea 

Alder, The diene synthesis of Diels and. 
Cc. F. H. ALLEN (Ar) 

Alembic Club Reprint No. 20, Prout’s hy- 
a dinraes x 4.05,cnueniekewamas 

Alfonsine lapidary—See A thirteenth cen- 
tury book on stones ( 

Aliphatic chemicals, Chart of recent. I. A. 
Lowy (Ab) 

Alkali, ammonia-soda, 
back at 50 years in. 


( 

Alkali, Organo-, 
Wooster (Ab) 

Alkyd resinsinindustry. T. H. K1iENLE AND 
C. S. Fercuson (Ab) 

Allotropy, Experiments in. II. Oxygen 
and phosphorus allotropes. E. W. 
BLANK (Ab) 

Alloys, Easy ways to identify modern. W. 

Hammonp (Ab 

Aluminum, Burning, in oxygen—See Dem- 
onstration based on the photoflash 
lamp (Ar) 

Aluminum, Fiddling on. 

a Ho Lye etches design on. 


a-soda, industry, Looking 
E. N. TRuMP 


ANON. (Ab)...... 
ANON. 
Aluminum—See A new structural era (Ab). 
ae 9 of ores of the ferroalloy metals 
The corner metals of electrical distribu- 
tion 
Variations in the prices of metals in the 
las€ twenty yeare (Ar). «65.55. 50 occas 
Aluminum contract—See Contract plan in 
high-school chemistry (Ar) 
American Association for the Advancement 
of Science, The. C. Roos (Ab) 
American Association for the Advancement 
of Science and associated societies, 
The Atlantic City meeting of the. B. 

E. Livineston, editor (Ab) 
American Chemical Society, Presidents of 
the. H. Hate anp E. L. NELSON (Ab). 
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57 
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381 
59 
122 


121 

59 
566 
190 


579 
642 


360 
578 
104 
556 
125 


318 
254 


SUBJECT INDEX 


American men of science in 1932, The dis- 
tribution of. J. McK. Catre.t (Ab).. 
Ammonia, Liquid, as a solvent and reaction 
medium. H. WoLTHorRN (Ab) 
Ammonia, oxidation of, Demonstrating the. 
T. H. Hazvenurst, Jr. (Ar) 
Ammonia, The nicotine and, contents of to- 
abe smoke. L. BARTA AND E. TOOLE 


Ammonia research, The beginning of liquid, 
in the U. S. Re. TART CAs) so. ces cece 
Ammonia-soda alkali industry, Looking 
back at 50 yearsin. E. N. Trump (Ab) 
——_ chloride growths. D. I. GLem 
Analogies in teaching freshman chemistry. 
J. R. Lewis (Ar)...... mee eee eer 
Analyses, qualitative chemical, Valuable 
by-products of. G. G. Town (Ar). 
aaa og Modified method for cation 
Group I (Ar) 
Perchloric acid in proximate analysis of 
limestone (Ar) 
Analysis, A new method of approach for 


qualitative. D. J. BROWN AND 
WAG ONDE: ceedidee scat cncewnabees 
Analysis, chemical, The personal factor in. 
R. oe eee rere 
Analysis, Constructive qualitative. W. G. 
PARMA ee re liccuieunteeueeas us 
Analysis, Exercise in indirect M. G 


MELLON (Ar) 
Analysis, quantitative, Calibration of ap- 
paratus as an exercise in. EL- 

DRUM AND W. E. Capsury, JR. (Ar).. 
Analysis, The magneto-optic method of. F. 
LLISON 
Analytical uses of color. 
W. FERNER, AND J. P. Meutic (Ar) 


M. G. MELLON, 


Analytical uses of ethanol, The. ; 
FERNER AND M. G. MELLON (Ar)..... 

Anesthetics for oysters. ANON. (Ab)...... 

Anniversary, A silver. ANON. (Ab)....... 

Antique Egyptian axe. ANON. (Ab)...... 

Antiseptic, Meaning of. A. M. PATTERSON 
CME ei ceive cece tre veccceteseecoues 

Apparatus: 

pO a ee ee eee 


Balance, air-damping. . 

Balance, student- made. . ‘ 2% 

Blast lamp from Bunsen burner..... 

Burner for blowpipe reactions. . 

Cell for conductances. . 

Dissolving funnels...... 

DS et er err ; 

Heated vacuum micro-desiccators....... 

Mercury switches for conductivity ex- 
oS ee ree ay 

WEISS CUMNOMNORER 06.8 neikisccce ceeds iee 

Rotette slit for small eee) Some. 

Spatula. . ; 

Stirrer.. 

Test-tube container. 

Tongs for beakers...... 

Vacuum tube oscillator. . : 

Water-bath constant- level device........ 

Apparatus, An improved boiling-point. H. 
Bee BE Cnet ccewterneees xe chasse 
Apparatus, Calibration of, as an exercise in 

ee analysis. W. B. Met- 


DRUM AND W. E. Capsury, Jr. (Ar).. 
Apparatus, chemical, industry, A history of 
the. F. Krarsst, Sr. (Ar) 





COmneCtNie « «ca carrisccrnccdenednccses'e 
Apparatus, Chemical—See ‘‘Dechema’”’ Ta- 
tigkeitsbericht, 1932 (B)............. 
Apparatus, ‘“‘Home-made”’ Cottrell-Wash- 
burn boiling-point. H. B. Gorpon (Ar) 
Apparatus, Improved, for demonstration of 
fixation of atmospheric nitrogen. 
G. W. TuressEN (Ar) 
Apparatus, Inexpensive. C. C. VERNON (Ar) 
Apparatus, Victor Meyer. E. W. BLANK 
Ar 


CREE enave Bactteermeenens cusekpuns 
Apparatus for determination of boiling 
point- composition curves of miscible 
liquid pairs. E. M. Cortins, J. O. 
Morrison, AND J. R. STONE (Ar) ae 
Apparatus for generating high voltages, An. 
Anon. (Ab 
Apparatus for preparing aldehydes, A 
simple. O. L. Bart (Ab) 
Se ERIE Taree 
Approach to the modern theory of solutions, 
An. J. D. Sampry (Ar) 
Appropriations for grants in aid by the Na- 
tional Research Council. W. H. 
HOWELL (Ab)........-eeseeeeeeece 
Aptitude and its relation to achievement in 
general chemistry. W. J. Bray (Ab).. 
Arc process, Lecture demonstration of the. 
P. ARTHUR AND C. V. Kino (Ar 
Archseology—See Chemistry in the service 
of Egyptology (Ar) 
Archeology, Chemistry and Grecian. 
Foster (Ar) 
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255 
748 
259 
270 


Argratin, The chemistry and industry of. 





ee | Se oe ee ae 18 
Artichoke—See Levulose, the sugar of the 

SS REE ORES te NS 453, 757 
Asphalt—See Newer products from petro- 

OD rs coax cnece wee neuen eae 527 
Assyrian text on glass manufacture, An. 

B..T DEAMORAES CAR 6 icc cccccesees 267 
Aston’s mass-spectrograph—See Teaching 

Ce a) rae 238 
Atomic physics, The progress of. A. Haut 

BUeetaciedeeedacdays ce cec cers 579 
Atomic structure, Demonstrating. R. E 

po 7" ee aie ae 179 
Atomic weights, 1933. Com. Report (Ab). 315 
Atomic weights, Molecular and. F. 

Ec dec h epanes keene aaare 308 
Atomic Evens, Teaching. E. A. WILDMAN 

AACE AMEERE tacts ek ewe caeae 238 
Ai: Life of, shown in movies. ANON 

Driateaedeeae aude casi ee cuuamed 317 
Avertin—See On the medical frontier (Ab). 444 
Award of the Philip A. Conne Medal to Pro- 

fessor Abel. ANON. (Ab)............ 255 
BAEYER’S laboratory, Humor and human- 

wenn, Vo AA CAD) © «05.0055 cc cues 445 
Balance, A student-made chemical. O. J 

WME Ci en acsececcuuccccsctces 118 
Balance, New- -type analytical air-damping, 

with projection scale. Anon, (Ab). 57 
Balance, The quantitative, in general chem- 

a ee LL” ere 608 
Balancing equations. H.C. McNet (C). 707 
Banker’s viewpoint of industrial research, 

A. BD. Basen, Je. CAD)... .6 0.0000 125 
Bargains in brains. ANON. i Sere ae Ce 
Beaker, A demonstration. ANON. (Ab).... 121 
Beaker rings, Rubber, for accelerating evap- 

oration on steam bath. J. A. SCHERRER 

AGRCL ONAN G eS Cea tee eee earerced 251 
eg: tongs—See Inexpensive apparatus 
EE AT ED RE PEE 188 
Becquerel, Antoine-Henri (P).. 79 
Beginning of liquid ammonia research i in the 
(yy  ) ae 34 
Beckman rearrangement, The. A. H. BLatrT 

[11 co aS SERRE Oe Ree 513 
Biochemistry, Some contributions of, to the 

study of epilepsy. I. McQuarrie (Ar). 205 
Biologic indicators of pregnancy. R. J. 

pT TT oy Dr ery ee 171 
Biology and medicine, The réle of physics 

and chemistry in. G. Crire (Ab).... 579 
Birkeland-Eyde process, The. R. D. REeIp 

RvegeddcceCatevec hay séeerecaees 512 
Birth date of Joseph Priestley............ 443 
Black, Joseph, Memorial tablet to........ 716 
Blast lamp from Bunsen burner. R. A. 

pF Lt Se arn eee 745 
Blast-furnace demonstration experiment. 

We EEBEmMAIeN CAB)... 5... csc ccecee 512 
Blowpipe reactions, A simple burner for. 

I. A. COWPERTHWAITE (Ar).......... 96 
Boiling-point apparatus, An improved. H. 

py ES eee 47 
Boiling-point apparatus, ‘‘Home-made”’ 

wae Washburn. H. B. Gorpon . 

auhtukas ace ate ceade sd metas 48) 
Boilie | point-composition curves of miscible 
liquid pairs, Apparatus for determina- 

tion of. E. Couns, J. O. Morri- 

SON, AND J. R. Stone (Ar).... 749 
Boltwood, Bertram Borden (P)..... tare 82 
Book rack—See Inexpensive laboratory 

SI EE GI ov. vcctcasecesveccces 414 
Books reviewed: See end of this section. 

Boulton, Matthew—See Some letters of the 

Reverend Dr. Joseph Priestley, F.R.S. 

CRietacdee ccc eclncreciccenatevecsnd 149 
Books reviewed: 

Accredited aad schools in the U. S. 

CEE aac cvcaceccecerevincaae 64 

Alchemy, fr sot all W. A. NovEs AND W. 

Bae ak Kancedecavesecoede 192 

Alchemy, The lure and romance of. C. J 
Wy RM ces cedevsscesecuveses 383 
Alene, A chemical MeErRcK & Co 
Seedawcras deere tudeeiebaducceees 516 
Aluminum, Combating chemical corrosion 
WI Bas evetutcedexextunreues 384 
Aluminum and aluminum utensils, A 
select, annotated bibliography on the 
hygienic aspects Of .........ccececcess 320 
American chemistry, Annual survey of. 
Vol. VII, 1932. C. J. Wsst, editor..... 515 
American Institute of Chemical Engi- 
neers, Transactions of the. Vol. 27.... 384 
Analysis, elementary qualitative, A text- 
book of. C. J. ENGELDER........... 645 
Analysis, Elementary quantitative. H. 
WILLARD AND M. H. FurMAN...... 581 
Analysis, Qualitative. J. S. Lone, H. V. 
ANDERSON, AND T. H. HAZLEHURST, 
Piascrdeeccues eed cone aee dae ey ES 446 
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Books reviewed (cont.): 

or ot qualitative, Calculations of. 
er RNID insn's 001.6 6:0: 0:0 31091050 6.9% 
Analysis, Qualitative chemical. 
MCALPINE AND B. A. 
Analysis, Quantitative chemical. G. McP. 
Ere ere 
Analysis, spectrum, The practice of, with 
Hitiger imetruments......<cscccccsvcces 
Ancients, The technical arts and sciences 
of the. A. NBUBBRGER..........0. 
Annual review of biochemistry. Vol.2. J. 
er RE, Nc cacee es c<nct ba tebees 
Annual survey of American chemistry. 
Vol. VII, 1932. C. J. Wxst, editor.... 


Applied colloid chemistry. W. D. BANn- 
[PELE LI POI: PEST 
Applied X-rays. G. L. CLARK......... 


Arts and sciences of the ancients, The 
technical. A. NEUBERGER........... 
Atom, The interpretation of the. F. 
Dn sscecaseness caepeseeesetess 
Balances, Sartorius analytical. PFALTZ 
& BAUER, Pi chetewacewe ta.oen-0 eeu ee 
Bibliography, A select, annotated, on the 
hygienic aspects of aluminum and alu- 
minum utensils. BULL............-.+ 
Bibliography of research studies in educa- 
tion, 1930-31. Govt. BULL.......... 
Bibliography of school buildings, grounds, 
and equipment. Parts II and III. 


Biennial survey of education in the U. S., 
1928-30. Vol. II, Chap. VI. Statistics 
of ee high schools, 1929-30. Govr. 

Biochemische  Hocschungearbelten, “itin 
Gang durch. A. STOLL.............. 


Biochemistry, Annual review of. Vol. 2. 
Ee EN a Ee rr 
Book of metals, The. D. WILHELM..... 


British chemical plant manufacturers’ 
association, Official directory of the, 


British chemicals and their manufacturers 

Calculations of qualitative analysis. C. 
Pre eee ee 

Catalysis, contact, Ninth report of the 
committee on. Nat. RESEARCH COUN- 


Chemical engineering progress, Twenty- 
five years of. S. D. KIRKPATRICK, 
oe PPP Oe OT OTE 

Chemical utilization of wood. Nat. RE- 
SEARCH COUNCIL PUB..... 22222000002 

Chemistry of organic compounds, The. 
Bans SOMONE. 595.530.4350 0 10 seen e866 

Chemistry triumphant. W. J. HALe.... 

Classroom use, For. Govt. BULL....... 

College chemistry, Essentials of. B. S. 


PIS 5 o:sn'6 ab 40002 550800006590 58 
College chemistry, Introductory. H. G 
i era ee ere 
College chemistry, Second year. W. H 
Oe re re er ere 
Colloid chemistry, Applied. W. D. BAN- 
Oe SRE ER ee RE Tere 
Colloid chemistry, Inorganic. Vol. I. 
eR Ree rere 
Conductivity of solutions, The. C. W. 


SI 5n6:b60 abbr eee tctevensnnens 
Corrosion, Combating chemical, with Al- 
SR IMINININMIR ic clean a5 Guo d mse saute 
Covalent link in chemistry, Some physical 
properties of the. N. V. SipGwIck... 
Cubics, Pocket tables for. D. Katz.... 
“Dechema”’ Tatigkeitsbericht, 1932..... 
Discovery of the elements, The. M. E. 


SE Per eee ee ete eee 
Doctorates conferred in the sciences by 
American universities. Nat. ReE- 
eeance COUNCIL PUB.........ccceee- 
Drebbel, Cornelis. G. T1rBRIE.......... 


Education, Bibliography of research stud- 


ies in, 1930- Govt. BULL... 
Electrode, Sparks from the. C. L. “Man- 
ES eS eee 


Elementary - nae § experiments in or- 
ganic chemistry. . ADAMS AND J. R. 


FORMBON  ceseccvccscesevcccvevcscese 
Elementary qualitative analysis. J. H. 
| Sere re reer errr 
Elementary quantitative analysis. H. H 


WILLARD AND N. H. FuRMAN......... 
Elements, The discovery of the. M. E. 
i rere ee eee ey | 
Energy, radiant, Physiological effects of. 
Pe re rer) rrr 
Engineering. A career; aculture....... 
Engineering, chemical, progress, Twenty- 
five years of. S. D. KiIRKPATRICK, 
i aaadatckbw chee 4seeat en ee a aes 
Engineering lines, Vocational guidance in. 
Am. Assoc. OF ENGINEERS........... 


Essentials of college chemistry. B. S. 
I 546666 a0 bd ce wc ogee eeaenee 
Experimental chemistry for colleges. J. 
A. HARRIS AND W. URE............++ 


Experimental organic chemistry. J. F. 
. _ SRR Peer rire Sane ai 
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Books reviewed (cont.): 


Experiments, Elementary laboratory, in 
organic chemistry. R. ADAMS AND J. 
Per en eee 

Experiments in inorganic chemistry. J. 
S. Lonc AnD R. D. BILLINGER........ 

Fibre structure, Fundamentals of. W. T. 
ROE 05 50.06. 5602 Ke cbeceucsenes 

Films, non-theatrical, The blue book of. . 

[Films, sound, Guides to.] 1. Oxidation 
and reduction. 2. Molecular theory of 
matter. H. I. SCHLESINGER AND 
BAO soo son o'00 dens sé aecnseens Gan des 

Fundamentals of fibre structure. 
pT PTL COOOL Te ee 

Gang durch biochemische Forschungsar- 
eed, ae. (A. BPO... ie ciseneccces 

General chemistry, A laboratory manual 
AS at ae 

General chemistry, Laboratory studies in. 
We. Be BB ic ccivkcesyctsncgeencses 

General chemistry, Principles of. 
BT re 

Generalregister VII iiber die Jahrgange 

925-29 des Chemischen Zentralblaits. 
We. PRB, GI so vccccseteckvesses 

[Guides to sound films.] 1. Oxidation 

and reduction. 2. Molecular theory of 


matter. H. I. SCHLESINGER AND H. B. 
Bs von cccacntaecus sn vonssaeeees 
Handbook of mathematical tables and 
formulas. R.S. BURINGTON.......... 


Hilger instruments, The practice of spec- 
SPU ITE To ov 6 ceiccecveccesce 
Household applications, Introductory 
chemistry with. N. M. NAYLOR AND 
A, LE VORCOMER. «oc ccncsvessssssces 
Indian Chemical Society, Journal of the— 
See Ray, Sir Prafulla Chandra, seven- 
tieth birthday commemoration volume 
Industrial chemistry. 
Industrial research laboratories of the U. 
S., including consulting research labo- 
ratories. C. J. WesT AND C. HULL... 
Inorganic chemistry, Experiments in. J. 
S. Lonc ann R. D. BILLINGER.......- 
Inorganic colloid chemistry. Vol. I. 
H WO 6 6s beech nc nanseses cian 
Instruction in mathematics. Govt. BULL. 
Instruction in science. Govt. BULL..... 
Instruments, scientific, Literature on. 
PFALTZ & ‘BAUER, Inc et algre ainac eae aoe 
Interpretation of the atom, The. F. 
co ee arr re 
Introduction to chemistry, An. 
Sr ere 
Introduction to the practice of organic 
chemistry in the laboratory, An. 
ADKINS AND S. M. MCELVAIN........ 
Introductory chemistry with household 
applications. N. M. NayLor AND A. 
EB VRROONES. cccvcevscnsnceeennsees 
Introductory college chemistry. 
errr rrr rere 
Laboratories, Industrial research, of the 
S., including consulting research 
laboratories. C. J. WEST AND 


Ld) PEL eNO Ter ee 
ar en 8 manual of general chemistry, 
A. errr err 
Laboratory manual to accompany 
(Brinkley’ s) “Principles of general 
chemistry.” E. B. KELSEy Anp H. G. 
eT er ere re eee 


Laboratory methods of organic chemistry. 
L. GATTERMAN (Revised by H. WIE- 
RO rer a mr en errs ia 

Laboratory studies in general chemistry. 
Ww. TPT eT ere te rT ie 

Laboratory technique of organic chem- 
ee Oe Ae ORE. ea 

Low power photomicrography.......... 

Lure and romance of alchemy, The. C. 
eer eS 

Mathematical tables and formulas, Hand- 


book of. R. S. BURINGTON..........+ 
. Instruction in. Govrt. 
BULL.. 


Merck & Co., “Inc. Research Laboratory. 

Metals, The book of. D. WILHELM..... 

Modern alchemy. W. A. Noyes anp W. 
A. Noygs, JR... 

Molecular theory of qatter—See [Guides 
to sound films. 

Most important 1 in the “develop- 
ment of chemistry during the last one 
hundred and fifty years, The. 
MENSHUTKIN.. 

National survey of the education of teach- 
ers. Vol. Selected wenereed 
Govt. BULL.. 

Nomenclature, A new, ‘of chemistry. cL: 
SPALDING.. 

Official directory ‘of the British chemical 
plant manufacturers’ association, 1933. 
One thousand and one. The blue book of 

non-theatrical films. . 

Organic chemistry. CG. “A. Hit anv L. 
KELLEY 

Organic chemistry, Elementary ‘labora- 


JOURNAL OF CHEMICAL EDUCATION 
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319 


710 
644 


759 


63 
514 


514 
516 


383 
646 
384 
516 
759 
192 


382 


319 


Books reviewed (cont.): 


tory experiments in. R. ADAMS AND J. 
R. JOHNSON.. ; epee 

Organic chemistry, Experimental. a2 F. 
NorrIis.. 

Organic chemistry, ‘Laboratory ‘methods 
of. L. GATTERMAN (Revised by H. 
WIELAND).. 

Organic chemistry, Laboratory ‘technique 
of. J.C. CoLBErT.. 

Organic chemistry for medical students. 
G. BARGER.. 

Organic chemistry in the laboratory, ‘An 
introduction to the practice of. H. 
ADKINS AND S. M. MCELVAIN........ 

Organic ee, The chemistry of. 
J. B. Conant.. 


Organic syntheses. ‘ Vol. “XIII. Ww. H 
CAROTHERS, editor-in-chief............ 
Outline of atomic physics, An. Puysics 


StTaFF, UNIV. OF PITTSBURGH........ 
Oxidation and reduction—See [Guides to 
sound films] 1 , 
Pharmacopeeia, U. o x, “Interim revision 
announcement 
Phase rule studies. y E. Ww. RuHOpEs.. 
Photomicrography, Low power.......... 
Physical chemistry, A textbook of. Vol. 
General properties of elements and 
compounds. J. N. FRIEND........... 
Physical chemistry for students of biology 
and medicine. D. I. Hitcucock. 
Physico-chemical methods. i REILLY 
AND W.N. RaAgz.. 


Physics, atomic, An ‘outline. of. “Puysics 

STAFF, UNIV. OF PITTSBURGH......... 

Physiological effects of radiant energy. 
LAURENS.. 


Pliny’ s, The Elder, chapters ‘on chemical 
subjects. Part II aa. ee mamae, 
editor... 

Pocket tables for cubics. D. Karz. 

Popular science talks. I. GRIFFITH, 

MMs Ns oii gn. sansa siete eee a 
WL Bhs cave ada tiiaaaceesearanet he 

Practice of spectrum analysis with Hilger 
instruments, The.. 

Principles of general. chemistry. "Ss: oR, 

BRINKLEY.. . ; 
Laboratory MIGAUMNS 3 ike occ eee xs 

Qualitative analysis. J. S. Lone, H. V. 

ANDERSON, AND T. H. Haz.enurst, 
Reh AREA IN GIT SPs ara 

Qualitative analysis, A textbook of ele- 
mentary. C. J. ENGELDER........... 

Qualitative analysis, Calculations of. C. 
J. ENGELDER. 

Qualitative analysis, ‘Blementary. - b:4 
REEDY.. 

Qualitative ‘chemical analysis. “R.K. Me- 
ALPINE AND B. A. SOULB............- 

Quantitative analysis, Elementary. H. 

. WILLARD AND FURMAN...... 

Quantitative chemical analysis. G. McP. 
SMITH.. 

Radiant energy, Physiological effects of. 

LAURENS.. 

Ray, Sir Prafulla’ ‘Chandra, ” seventieth 
birthday commemoration volume..... 

Research laboratories, Industrial, of the 
U. S., including consulting research 
Sacer. a WeEstT AND C. 


Qaumaaion of water supplies, The. M. P. 
Horwoop.. 
Sartorius analytical ‘balances. PFALTZ & 


BAvER, INC.. 


Science, Instruction in. “Govr. Bu. 


Science talks, Popular. I. GRIFFITH, 
I. UNDE Wats cles ai bis Kak oir oes 
CR aig retin eee caites ciste calsieieies 
Second year college eanenenid W. H. 


CHAPIN.. 

Secondary schools, Accredited, ‘in the U. 
S.. Govt. Pus. . 

Service loads in institutions of. higher 
learning, A survey of proposed units for 
measuring. Lee 

Solutions, The ‘conductivity ‘of. CG. W. 
Daviss.. 

Some physical properties ‘of the covalent 
link in chemistry. N. V. Srpcwick. 
Sparks from the electrode. C. L. Man- 

TELL. 

Spectrum analysis, The Practice of, with 
Hilger instrument: 

Standards yearbook, “The, 1933. Bur. or 
STANDARDS.. 

Statistics of public high schools, ‘1929-30. 
ago survey of education in the U. 

928-30. Vol. II, Chap. VI. Govr. 


hy 
* sulfur, Pamphlets ‘and “descriptive mate- 


rial on.. 
Survey of modern chemical science—See 
The most important milestones in the 
development of chemistry during the 
last one hundred and fifty years....... 
Survey, Annual, of American Rees. 
Vol. VII, 1932, C. J. West, editor. . 
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320 
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581 
515 
516 


710 
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516 
646 
450 


64 
192 
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Books reviewed (concl.): 

Sweden, Institution of higher learning 
Si Cs eo ois ete wn ad opivnn aot 

Syntheses, Organic. Vol. XIII. 
CAROTHERS, editor-in-chief..........+++ 

Teachers, National survey of the educa- 
tion of. Vol. 1. Selected bibliography. 
COE IM cad alec tcursiaree count Gas 

Technical arts and sciences of the an- 
cients, The. A. NEUBERGER.. 

Terpenes, The. Vol. 2. The dicyclic ter- 
penes, sesquiterpenes, and their deriva- 


Cee Sp A eer 
Textbook of chemistry, A. H. A 
WoortrTon anp C. . HOOKER.. 


Textbook of elementary qualitative analy- 
sis, A. C. J. ENGELDER.. 

Textbook of physical chemistry, A. Vol. 

General properties of elements and 
compounds. J. N. FRIEND........... 

Transactions of the American Institute of 
Chemical Engineers. Vol. 27 

Twenty-five years of chemical engineering 
progress. S. D. KIRKPATRICK, editor. . 

Units for measuring service loads in insti- 
tutions of higher learning, A survey of 
proposed. . 

Vitamin-D carriers, “commercial, Control 
assays of. H. A. HALVORSON AND L. L. 
LACHAT.. a 

Vocational guidance in "engineering lines. 

M. ASSOC. OF ENGINEERS........+.- 


Water supplies, The sanitation of. M. P. 
BR oc cncinscnteennesauneveses 

Wood, Chemical utilization of. sia RE- 
SEARCH COUNCIL Sg Z 

X-rays, Applied. G. L 

Yearbook, The Ph Dk ay 1938." "Bur. 


OF STANDARDS.. nine cee 
Brains, Bargains in. “ANON. (Ab). ek Catae 
Brauner, Bohuslav (P)... : 
Brine, Mid- Continental, yields bromine and 

salt products. Epit. Starr Report (Ab) 
Bromine and salt products, Mid-Continen- 

—_ yields. Epit. Starr REPORT 
Brooks, Harriet—See Pitcher, Mrs. Frank. 
ak George M. J. W. NecKkers (Ar) 
Building an integrated industry in times of 

depression. S. D. KtRKPATRICK (Ab).. 
Bunsen, Robert Wilhelm von, wa, 

scientist, and inventor. ANON. aa 
Bunsen burner, Blast lamp from. R. 


BAKER (Ar).. 
Bunsen valve, Preparation ofa. P.N. ‘Sam: 
PON (Ab).. 
Burner, A simple, for blowpipe | reactions. i 
COWPEBRTHWAITE (Afr)........-+.06 


Butlerow—See Early history of acetalde- 
hyde and formaldehyde (Ar)......... 


CADY, H. P.—See The hegieainn of liquid 
ammonia sosneies in the U.S. svete 


128 
645 


320 
319 


256 
644 
645 


256 
384 
646 


128 


450 
449 
127 


64 
128 


450 
165 
708 


708 


511 
513 
745 
251 

96 
550 


34 


135, 38 


Calcium, “Metallic. ANON. “(Ab). 

Calcium carbide preparation, Electric “fur- 
nace for. W. B. SANFORD (Ar).. 

Calcium carbide—See A new rapid method 
for the determination of moisture in 
flour and other finely divided materials 


(Ab).. 
Calculation of simplest ‘formula from ‘per- 
centage composition. C. W. GRIFFIN 


Ar 

Calibration of apparatus | as an “exercise in 
quantitative analysis. W. B. MEL- 
DRUM AND W. E. CapsBury, JR. (Ar).. 

Camphor of commerce, The. ANON. (Ab). 

Canada, Educating chemists in. N. 
Evans (Ab).. 

Carbide, calcium, ‘preparation, Electric fur- 
nace for. W. B. SANFORD (Ar)....... 

Carbide, Vinyl Pa from. 
SON AND T. D.. Saaw (Ab)........ 50:0. 

Carbon, Geeciecass with. M. MEISTER 


Carbon, Experiments with, ‘for the home 
a. laboratory. R. B. WaAILES 
Ab 

Carbon dioxide, ‘By- product, builds ‘a new 
refrigerant business. S. T. ORR (Ab).. 

Carbon dioxide, solid, The production and 
uses of. H. G. LITTLER (Ab).. 

— es in industry. C. £: ‘Jonzs 
A 


Carbon monoxide, " cyanide ‘and, poisoning, 
Sodium tetrathionate and methylene 
bluein. J. H. DRaIze Cf Serre 

Carbon monoxide poisoning, 

Davy and. F.C. Brine (Ab) 

Cards, flash, formulas and nomenclature, 
ag ag the chemistry beginner grasp. 





C. CouLson (Ab).........0eseeeee 

Cuil yp Ss, Economic appraisal of 

the—See Di ting the 1 fu- 

CUES CAB io Soi inc Site 8d vies 606s tciceine a 
Correspondence.......:++++e+ee cess 


Careers, Courses in. R. Hoprpock (Ab).: ea 


315 
420 


123 
575 
504 
444 

60 
420 
578 

60 


57 
511 
708 
315 


708 


446 


643 


399 
641 
123 


Carotene—See Medical aspects of vitamin A 
as an anti-infective agent (Ar). . 
Case for rosin-wax sizes. R. B. Lapoo (Ab) 
Cataloging of chemical engineering trade 
literature according to unit operations, 
The. F. C. Virspranpt (Ar 
Cation group I, Modified =—anae for. R. 
. GELBACH (Ar).. fj wandease 
Cavendish, The town residence a SA 
Cell, Simple, for the study of eeenenE 
H. B. Gorpon (Ar). . 
Cellophane, Silk, for lantern slides. 
YoONnNKMAN (Ab 
Cellophane for quiz questions—See The ne 
jection of quiz questions (Ar).. A 
Cellophane roll films for slide lanterns. 5% 
ONAR, F. Bonar, AND E. C. H 
RERNUE CAR. ve ncncacadaccdda sh tie tacts 
Cellulose, Romance of. C. A. BRAUTLECHT 


Cellulose, Some of the newer things about. 
Cie. Ta SEIN, CRON cin cncsccecceesios 
Cellulose and its meee in industry. P. C. 
ScHERER, JR. 
Cellulose ethers. Pn th (Ab) 
Cellulose fermentation. H.LANGWELL (Ab) 
Cellulose in industry. H. J. SKINNER (Ab). 
Cement industry looks toward by-product 
potash recovery. P. E. LANDOLT : 
Centenaries, Scientific, in 1933. 
Smit (Ab) 
Century of Progress, A, Chemical exhibits 
E. Muskat (Ar 
Chairs in the history of science and Royal 
ciety awards. ANon. (Ab) 
Chapters in crystal chemistry for college 
freshmen. W. StTiLLweti (Ar). 


Chap. I. Ionic and molecular crystals, 
their structures and properties........ 
Chap. II. 





Chap. III. Metals and alloys. The me- 
WM ONG es 60:5.6soue css ccenuanvoed 
Characteristics of the ideal numerical prob- 
oe, 2 Ge CA). nn cvccenecens 
Charcoal, Marketing and industrial uses of. 
> eet WACOM CAB). 6x. 0s060ce ease 

Chart, periodic, A new. rf D. CLarK (Ar). 
Chart of recent aliphatic chemicals. I. A. 
I Eins 56acccdckaeds cenesenee 
Chemical apparatus industry, A history of 
the. F. EmAwmat, St CAS) i006 6c ieee 
COREIIIINE hc cccctecenaeasascupedds 


Chemical engineering, Economics and. C. 
Bi, AMON CBG oo dcccciccedecisisisecusi 
Chemical engineering, The objectives of a 


course in. W.R. VEAZEY CO 
Chemical engineering education, Develop- 
mentsin. D. B. Keyes (Ar)......... 


Chemical engineering marches on. ANON. 
Chemical engineering in America—See A 
silver anniversary (Ab 
Chemical engineering talents, Construction 
challenges. F. E. Scumitt (Ab)...... 
Chemical engineering trade literature, The 
cataloging of, according to unit opera- 


tions. F.C. VirBrRaANpT (Ar)........ 
Chemical exhibits at A Century of Progress. 
BO CT) ee a ee 
Chemical flower garden, A, of 1706. T. L. 
TIES 6.08.00:444 Reenewenete cies 


Chemical industry resists the depression. 
C. C. CONCANNON AND A. H. Swirt(Ab) 
Chemical terms in the Chinese language. 
Ma IANG-YUN AND H. A. WEBB (Ar).. 
Chemical surface p ph “A classic of 
science.” I. LANGMUIR (Ab).......-. 
Chemical Specs in mob and crime control. 
OBE 
Chemicals you can make in your home 
laboratory. R. B. Watves (Ab)...... 
Chemistry, The réle of physics and, in a 
ogy and medicine. G. CRILE (Ab)... 
Chemistry aids. A. M. Ew1nc (C)....... 
Chemistry and Grecian archeology. W. 
PTO CE von cccccnvdcgcceecesases 
Chemistry at Vassar. M.L.Sacue (Ab).. 
Chemistry in 1858. O. J. WALRATH (Ab).. 
Chemistry in 1932 (Ab) 
Chemistry in the service of Egyptology. L. 
©, Wawets. (Bede vic cscccccccccvscess 
Chemistry of fluorine, The. 
AND J. B. HATCHER CO ee 
Chemist’s retrospects and perspectives, A. 
BR Wher Arren CAB)... -ccccscccces 
Chinese language, Chemical terms in the. 
Ma LING-yYUN AND H. A. WEBB (Ar).. 
Chinese treatise on alchemy, An ancient, 





entitled ‘‘Ts’an T’ung Chi i eee 
Chromium and uranium. ‘Classics of 
OMANCE CAD) ic cock cd ctccsicsvceaes 
Chromium—See A half-dozen minerals used 
in chemical industry (Ar)..........-- 


Sources of ores of the an ht A metals 
1 ET ACERS FORE PTC Te 
Class exercises in the industrial chemistry 
course. K. A. Kose (Ar) I. Topic re- 
ports on literature surveys........- “a 


The structure of the silicates. . 


97 
315 
354 


621 
737 


440 
317 
376 


590 


591 
667 


669 
490 


191 
675 


60 


510 
639 


282 
446 
717 
511 
254 
252 


354 
387 
613 
758 
733 
254 
315 
316 


579 
379 


270 


124™ 


251 
259 
330 
758 
733 

59 
643 
562 
361 


679 


767 


II. Economic survey of a chemical com- 

modit 
Classics of science: 

=" temperature. 


(Wm. Thomp- 


Chasen surface phenomena. (Lang- 
in nd4 a vies a Ons eeu ck ecae eee 
Chromium and uranium. (Vauquelin and 
pO RPE Rae rie 


Constitution of protein. (Emil Fischer). 
Epinephrin from the suprarenal capsule 
(Abel and Crawiord)...... .ccccccececs 
Isolation of .strychnine. 
RG renualdueedeeanesneeaees 
Laughing gas. (Dav 
Molybdenum and tungsten. 


(Scheele)... 


Quinine from Peruvian bark. (Pelletier 
Ce a) eee ree 
Some elements of group V. (Hatchett 


Ekeberg, and Sefstrém).............. 
Cleaning sodium metal. E. B. WiLson (Ar) 
Club, History and rey ym of a chemistry. 

- Q. BUNDERMAN (Ar) 
Clubs, ‘science, “Merit system”’ for. 

SANDERS (C) ee diac aiden ates hahaa diate ie 
Cobalt—See Sources of ores of the ferroalloy 

WOME EMO Nccacccascctcndccccesesvees 
Cobbett, William—See Peter Porcupine’s 

persecution of Priestley (Ar). 

etssive tooddenecdi<eeedes 153, “156, “157, 
College, Theimpeding. A.G. Mev VIN (Ab) 
College and university teaching. Com. RE- 
port (Ab 
College chemistry, Residue ~ high-school 
a utilizablein. P.M. GLAsoE 
College dominance in  secondary-school 
science. : OWNING 
College graduate, What becomes of the? 

Tis Se Ww c 6 0 0 h0-0- co cetees eas 
College teaching, A self-study of. 

py 8 rea 
College teaching, ea improvement of. H. 


pe es | ee ee 
Colloid stability, Electrical factors of. E.S. 

MEME CME ec oxic canccdcavuceaes 122, 
Colloidal fuel. ANon. (Ab).............- 


Colloids, Experiments on. G. Fow vrs (Ab) 
Colloids, Experiments with, for the home 
chemist. R. B. WAILES (7 ' See 
Colloids, The effect of, on crystallization, 
Pectography. 5. ALEXANDER (Ab).... 
Color, Analytical uses of. M. G. MELLON, 
FERNER, AND J. P. MEHLIG (Ar) 
Columbium—See Some elements of group V. 
“A classic of science’ (Ab).........+. 
Conant, James Bryant (F)............... 
Conductance, Simple cell for the study of. 
H. B. Gorpon (Ar)......... 
Conductivity experiments, Mercury switches 
fon, Te. We Ae CAS)... ec cccnssce 
Conductivity experiments, Simple vacuum 
tube oscillator for. J. H. SAavyLor AND 
J. M. A. Dusnuves (As)... cece 
Constant-level device for constant-tempera- 
tan) water baths, A. J. H. ROBERTSON 
BEE ccckcunacunneceiesseatenceieas 
Constitution of protein. . i 
SON CME ic c0 as nods cckiee cee 
Construction, materials of, Eliminating 
guessworkin. H. MILLER (Ab) 
Construction challenges chemical engineer- 
ing talents. F. E. Scumitt (Ab) 
Contract plan in high-school chemistry. J. 
(isi 2 re ee 
Copper, More uses for. ANON. (Ab 
Copper—See Sources of ores of the ferroalloy 
CN rr errr 
The corner metals of electrical distribu- 
tion 
Copper and tin groups, Studies in the pre- 
cipitation of the, using hydrogen sulfide. 
L. LEHRMAN (Ar ) 
Cork borer appliance, A convenient and 
practical. R. E. DUNBAR (Ab) 
Corn silk. Anon. (Ab 
Corrosion, the billion-dollar thief. 
RourMAN (Ar) I. Introduction, defini- 
tion, history, and elementary concepts. 
Il. The factors affecting corrosion. .... 
III. The testing and prevention of corro- 
SION... 6. eee ee ees eerste nce eneecees 


Wedadgvaxecace aug ne 


Corrosion of metals in salt ey 4 and sea 
water. G. D. BencoucH (Ab 
Corrosion problems, Resinous nh 
solves. Epit. Starr Report (Ab).. 
Corrosive burden, Phosphoric acid imposes 
severe. W.C. WEBER (Ab) 
Cosmic rays—experiment and conjecture. 
WME Cec cccccnccaueseeus 
Cosmic rays, A geographic study of. 
CompTon 
Cosmic rays are photons, Dr. Millikan de- 
clares. R. M. LANGER (Ab) 
Cost, Counting the. F. W. SmitH {S),, aa 
Cost of Se a instruction. O. E. SHEp- 
PARD CAS). ccccdcccccctevesetctcece 


738 


513 


395 


362 


1 
158 
124 


315 

381 
121 
381 
381 
691 


60 
385 


440 
751 


703 


377 
513 
253 
252 


556 
578 


362 
578 


50 
251 
708 
141 
215 
297 
578 
531 
445 

59 

24 
190 


190 
250 





768 


og ok Cad SiN a ae eee ire 163 
Costs, Facts on school, Symposium (Ab). 124 
Cottrell-Washburn boiling-point apparatus, 
“‘Home-made.”’ B. Gorpon (Ar).. 489 
Counting the cost. F. W. SmirH (C)...... 250 
Course, industrial chemistry, Class exercises 
in the. K. A. Kore (Ar) I. Topic re- 
ports on literature surveys........... 
II. Economic survey of a chemical com- 
PERE PEARS es ere tee 38 
Course, Survey, of the physical sciences for 
college freshmen. W.V. Norris (Ar). 631 
Course, The cultural, or pandemic, after six 
years of trial. J. A. Timm Se 28 
Course in chemical engineering, The objec- 
tives of a. W. R. Veazey (Ab)....... 46 
Course in laboratory technic, A graduate. 
H. B. Hass anv F. D. MartIN (Ar). 29 
Courses, Student, at the exposition of chemi- 
acl SAMMAENEED, soc co 6 <soccs wcrc 599, 740 
Courses—See Curricula. 
Courses in careers. R.Hoppock (Ab)..... 123 
eee Se See err errr 85 
Credit where due. M. E. WEEKS (C)...... 510 
Crell, Lorenz—See Chromium and uranium. 
“Classics of science’ (Ab)...........- 643 
Crime, > and, control, Chemical warfare 
in. . A. Kose (Ab) PO Ot er ae 15 
Crystal a of ionic compounds and 
thermochemical applications. J. SHER- 
OE) arr ee 
Crystal chemistry for college freshmen, 
Chapters in. C. W. SriLLwELL (Ar) 
RE Pee errr ne 90 
Chap. I. Ionic and molecular crystals, 
their structures and properties........ 591 
Chap. II. The structure of the silicates. 667 
Chap. III. Metals and alloys. The me- 
tallic state..........e. sees ee enone 669 
Crystal sizing, a control at- 
tains close. . JEREMIASSEN AND H. 
SVANOE fab) jer Rals Cisco ew Sea ower 122 
Crystallization, The effect of colloids on, 
Pectography. J. ALEXANDER (Ab). 381 
Cultural, or pandemic, chemistry course 
after six years of trial, The. " 
OEE CIES occ vn vovesenseossscscenes 428 
Curricula: : 
Developments in chemical engineering 
eee Ee Pe eee 
Economics and chemical ne (Ar) 282 
German for chemists (Ar)............++- 33 
Graduate course in laboratory technic 
SR A ne ae 29 
Organic chemistry, introducing, in the 
SRE UND 6.510 4'c:n's 9019049. 650:09:9'6 31 
Organic technology (Ar)..........-.+++ 161 
Qualitative analysis, method of approach 
, errrrr errr rrr re 
Some essentials of an elementary science 
SS ey rrr errr ee 484 
Survey course of the physical sciences for 
college freshmen (Ar) ORS Cee oF 
The background of science education (Ab) 709 
The cultural, or pandemic, chemistry 
course after six years of trial (Ar)..... 428 
The rédle of microchemistry in chemical 
MIEN EIREDS od n'n'5 00 5.664 4.69.0:b66% 8 
Unit of study for elementary chemistry 
ee SERIES IAAL FR Sees A 49 
Unit-assignment technic to vitalize high- 
school chemistry (Ab)............... 60 
Curie, Marie Sklodowska (P)......... 81, 87, 88 
OL NY CID Dn 0:30-6:00 0 6:0 650.0605 50058 79, 87 
Cyanide and carbon monoxide poisoning, 
Sodium tetrathionate and methylene 
blue in. J. H. Dratze (Ab).......... 708 
Cyclic compounds—See Liaison in organic- 
inorganic chemistry (Ar)............. 23 
Cyclohexanol—See Some student experi- 
ments in and out of the cycloparaffin 
OS RS A eR nae ae 113 
Cycloparaffin series, Some student experi- 
ments in and out of the. E. C. Wac- 
ND so 05660405500 500600505 6KR es 113 
DALTON’S law of multiple proportions— 
See Liaison in organic-inorganic chem- 
RRS iia eae epee AEE EF 21 
Davy, Humphry—See Laughing gas. “A 
classic of science” (Ab).............. 643 
Davy, Humphry, and carbon monoxide 
poisoning. F.C. Binc (Ab)......... 446 
Davy Medal—See Chairs in the history of 
science and Royal Society awards (Ab). 255 
Dead Sea, Lifefromthe. ANON. (Ab)..... 58 
De-airing for clays and other plastic prod- 
ucts, Useof. H.R.Srraicut (Ab)... 708 
Decade of advance in organic chemical man- 
ufacture, A. W. J. Have (Ar)....... 464 
Demand and supply of younger generation 
of chemists in Germany. F. SCHARF 
OS ea eae 125 
Demonstrating atomic structure. R. E. 
EE EID n senccecnecssveeeeans 179 
Demonstrating the oxidation of ammonia. 
H. Hazvenurst, Jr. (Ar).......... 639 


Demonstration, Visible, of the action of 
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automatic extractors. L. E. WARREN 
8 Seer ee Chace eons 
Demonstration based on the photoflash 
lamp. H.KammiIn (Ar)............. 
Demonstration experiment, Blast-furnace. 


WW. PRURANERTIN TRO: occ scccescceseccs 12 
Demonstration experiments: 
Phosphine for pe a mT GR cccss 402 
Le Chatelier’s principle (Ab)......... 190, 316 
Sulfur extraction working model (Ar).... 309 


Demonstration of fixation of atmospheric 
nitrogen, Improved apparatus for. 
We SUNN GEIS oo acc cexauuceseeen 498 
Demonstration of the periodic passivity of 
iron. R. DuBors anp W. A. KAYE 
ENO ocevcveces sinks es csin Cars eees 108 
Demonstration of the Solvay process. A. 
We MOTO GORD. co sccccssccscce sees 437 
Demonstrations, A plan for developing a 
better technic in giving science. E. 
SIONS TU o on See ale a se eek ace seas 60 
Density, Micro-, determination of solids and 


liquids. E. W. BLANK AND M. L. WiL- 
| Se ene eo ey ere 109 
Density by the flotation method, The meas- 
urement of. H. Yacopa (Ab)........ 251 
Density standards, Construction of. E. W. 
OE SOND 5-6 5s aco: < bo hes wee. 618 
‘Dental chemistry. R. B. Savin (Ab)..... 122 
Depression, Chemical industry resists the. 
C. C. Concannon anp A. H. Swirt 
DD vig Sacahensa rab aan cestct sees 758 
Derivations of the names of the elements, 
he. .S. BRAUN CAP). 0:605 500000 227 
Desiccators, micro-, Heated vacuum. E. W. 
rp een 189 


Detergents, Soapless. ANON. (Ab)........ 511 

Development of the electronic theory of va- 
lency. C.A. BUEHLER (Ar).........- 741 

Developments in chemical engineering edu- 


cation. D. B. Keves (Ar)........... 717 
Diabetes, Sugar consumption and. W. D. 
PE TER a sain d 4's 44.40 nose nb 6408 757 
— McG.LumPBy AND J. W. EICHINGER, 757 
Dinduaan compounds, The structure of, 
from dissociation and reaction velocity 
data. J. GREENSPAN (Ab)........... 513 
Diels and Alder, The diene synthesis of. C. 
Ps Ws ME GOED noc ceccecees ee geae 494 
Diene ag of Diels and Alder, The. 
Oi: RMN CIR vecascuakewaves 494 
iertiedar A universal. R. Hor_coms 
ED A ccahoses coche nccesat ee seweuads 381 
Diphenyls and analogous compounds, The 
stereochemistry of. R. ADAMS AND H. 
Ry REDE CNN oo io 6 dw a wrar ees 59:0 ees wae 513 
Discounting the chemical future. W. 
ere rer 399 
Correspondence. .........scesseseesses 641 
Discoveries, scientific, The establishment of 
priority in. Browne (Ab)..... 125 
Discovery of the elements, The. M. E. 
Weeks (Ar). XIX. The radioactive 
SO een Tee 79 
XX. Recently discoveredelements.... 161 
NEE <5 vlc awhgea ve ora beacalen 4,510 
XXI. Supplementary note on the dis- 
covery of phosphorus.............++ 02 
ee Rees eee 223 
Review of collected reprint............. 710 
Disinfectant, Meaning of. A. M. PATTER- 
|” a er reer 25 
Disinfectants, The hypochlorites as. H. 
PAWGINNON GAG) 6c accccscccdecees vee 380 
Dispersed phase, The. ANON. (Ab)....... 512 
Dissertation in education, Characteristics of 
a good. P. M. Symonps (Ab)........ 255 


Distillation, Chemical engineering problems 
in hardwood. R.S. MCBRIDE (Ab).. 122 
Distillation, Hardwood, faces new economic 
and raw material problems. R. 
| ere rer rrr 58 
Division of Chemical ements” A.C. S.: 
Chicago meeting.......... 468, 638, 648, 752 
Dr. Rakestraw succeeds Dr. Baker as sec- 


* rrr are ere e 
Executive committee statement (E)..... 2 
Secretary’s report—addendum.......... 28 
Washington meeting...... 78, 147, 214, 310, 386 


Doctorates conferred in the sciences by 
American universities, 1931-32. C. J. 
WEstT AND C. Hutt (Ab) 

Doctorates in chemistry and related fields 
conferred od American i 
a . J. West anp C. HuLi 


Drink, Vateslonion: cannot be scientifically 
defined now. J. StaFrorp (Ab)...... 255 

Druce, J. G. F.—See The discovery of rhen- 
ae, Re eee er er ee ree 5 


ECONOMIC appraisal of the chemist’s 
career—See Discounting the chemical 
PNR sc secs cscidscateessccase 9 


CEO So 6:6: 5555 iio d a ea AS 641 
Economic survey of a chemical commod- 
ity—See Class exercises in the industrial 
chemistry course. II. (Ar)........... 738 
Economics and chemical engineering. C. A. 
DN 6 cic akevcéndp tc ecdatn¥e 282 
Eddington’s theory of the electron. 
MN Ge isin ca habeas cecisee oes 121 
Editorials: 
A statement from the executive com- 






Address, Change of editoria 
Analogies, MIEN 54 9 4: 6: 3-8450-0.0-4-8 g 
Change of editorial address............. 
NI INI 6. o. 6-3: 9 0:6.0:0.5.0:6-0-400.8 
CURSO GTT BURIOGIOR. 66.0 0c6.5sc tse ccsee 
Dr. Rakestraw succeeds Dr. Baker as 





MEM a ad. 4 giacinateera ceid-a ss esc 8 ore 
oS RRR rere 
ere committee, A statement from 
pm ole DMN Mis erc pict cas-< 6.66 80:0 sieesietere 3 
Harvard elects a president............. 386 
Hints to prospective mothers. . ‘ 712 
Language of science, The...... cc. 2 
Nosegay for a contributor.............. 584 
i Mi seen hege ds eacnesepaes 386 
Random observations.................. 452 
a a a. 5 -60:0.8'0 000-08 o6-08 0:08 194 
Science, The language of............... 194 

Metis Ie TORETUS....... occ ccccecccce 66 
Spring catharsis of the editorial muse.... 322 
Touching on social morals.............. 518 
tk alate he a ond u:d 0 680% 2 
Washington Impressions............... 258 

Educating chemists in Canada. N. N. 

ee aa ek wh ie i 4.6. 60:0 60 

Education, A vision of secondary. T. H. 
ON See ee 124 
Education, dissertation in, Characteristics 
of a good. P.M. Symonps (Ab)...... 255 
Education, Lists and abstracts of masters’ iz 
theses and doctor’s dissertations in. A 
Fe. SE Cn soe, > actinic 0. 0 9.9 0:8:8 709 
Education, science, The background of. 
Ge errr 709 
Education, The college of, and the univer- 
sity. P. C. Packer (Ab)............ 191 
Education and the future. R. M. Hutcn- 
a eds ads oa 6658s O88 709 
Egyptology, Chemistry in the service of. 
L. a re 259 
Electric furnace for calcium carbide prepa- 
ration. W. B. SANForpD (Ar)......... 420 
Electrical distribution, The corner metals of; 
copper, aluminum, and lead. F. J. 
J ee er re 578 
Electrical factors of colloid stability. E. S. 
RR nia 122,315 
Electrochemistry, Experiments in. R. B. 
i: | er ere anes 190 
Electrochemistry, March of. C. L. MAn- 
SN a ciuk ie oso Nansaccankest04 445 
Electrochemistry—See A healthy customer 
OO RA eR eRe eee 758 


Corrosion, the billion-dollar thief. I (Ar). 141 
Special exercises for students in general 


GREMIGIEG: “EE CAE) Soicon cacccene nas os 689 
—— quinhydrone, Asimple. K. San- 

Ps aciscessccen cuss ehvabes <2 512 
Sheahan of metals. E. K. Srra- 

ES 6 cock ccnvakecvaxtuwesaes 57 


Electromotive force of voltaic cells—con- 
ventions as to sign. R. C. CANTELO 
Mo tclet 6.50544 0b carecdcaceaenetes 436 
Electromotive force table and oxidation- 


reduction reactions. LocuTE 
1 PETRA PPP ree 373 
Electron, Eddington’s theory of the. R. M. 
per Ee |S RR Arce eee 121 


Electron, Nomenclature of the. ANON. (Ab). 758 
Electron transfer in equations, The use of 
models to show the. A. L. POULEUR 


DiGi ctcavarscecasen cavkeewe | I 60 
Electronic models, Adaptable. S. J. 
pS ee or errr es 564 
Electronic theory of valency, Development 
Grise.. C. A. BUBBEER CAS) 606050 0:0< 741 
Electroplating with zinc-cadmium. 3 
IE BI ivig occas sensecgceass 381 
Elementary chemistry, Unit of study for. 
MOI TI oo c cecsioaducce es cab sere 349 
Elements, Some, of group V. ‘‘A classic of 
go See re 60 
Elements, The derivations of the names of 
the. hy SR CNN. cccckccsceas 227 


Elements, The discovery of—See Discovery 

of the Elements, The. 
Employment of chemists, The (Ab)....... - 125 
Emulsions—See The dispersed phase (Ab).. 512 
Encyclopedia of chemical reactions, A pro- 


‘posed. C. A. JACOBSON (Ar)......... 614 
Engineering. Chemical—See Chemical engi- 
neering. 


Entropy, The second law and. R. C. Can- 
TELO (Ar). II. Irreversible processes. 45 
III. The thermodynamic functions. . 306 
Enzymes from the standpoint of the chem- 
istry ofinvertase. J. M.Netson (Ab). 445 
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Epilepsy, Some contributions of biochem- 
istry to the study of. I. McQUARRIE 
MER e490 06. 5-6:6.550 at SOE ECCT ENO SES 
Epinephrin from the ee capsule. 
“A classic of science’ (Ab) 
Equations, Balancing. H.C. McNet (C). 
Equations, Balancing chemical. 
SmituH (C) 
Equilibrium—See Simple phase equilibrium 
experiment (Ar) 
—_— experiment, An. E. H. BRowN 


Equipment, chemical, Utilizing cast iron in. 
W. H. RotHER (Ab) 
Equipment, Making radiographic inspection 
of chemical. H. R. ISENBURGER (Ab A 
Equivalent weight, Substitute for. C. N 
Oy!) SPR ae rr ee 
Essentials of an elementary science unit, 
Some. G. V. Bruce (Ar)...........- 
Ethanol, The analytical uses of. . 
FERNER AND M. G. MELLON lene ae 
Ethers, Cellulose. ANON. (Ab 
Ethyl iodide, Preparation of CHsI or, from 
HI;. R.H. owe (Ar) 
Exhibits, Chemical, at A Century of Pro- 
gress. I. B. Muemar (Ar)... ....-2> 
Experiment, A simple reversible photo- 


chemical. I. W. Grote anv J 

WR COO iikd vcccees ces ecascens 
Experiment, An equilibrium. FE. H. 

ROW CAS) stv nive csc easiseccedlees 


Experiment, demonstration, Blast-furnace. 
HELDMANN (Ab) 
Experiment, Simple phase equilibrium. H. 
S. Van Kiooster (Ar) 
Experiment, Suggested, for high-school stu- 


dents. F. W. Smitn (C)............- 
Experiment, The “mercury heart.’”’ R. H. 
ADAMS (Ab)........--- see cer eee se 
Experiment in visual education, An. J. O. 


PRENE CAS) oes ccc pecicats cnnvnrine 
Experiments, Lecture, in general chemistry. 
S. Morris ann A. J. W. HEADLEE eae 
I. The rusting of iron. : 
II. Spontaneous combustion. 
III. The halogens. . : 
Experiments, Some student, ‘in and out of 


the cycloparaffin series. E. C. Wac- 
NER (Ar) ......... 2 sees seers eeeeees 
Experiments in allotropy. II. Oxygen and 
E. W. BLANK 


oa allotropes. 
i 1) SER eerie er Cer rere ree 
Experiments in electrochemistry. 

Waites (Ab) 
Experiments on colloids. 
Experiments with carbon. 


G. Fow es (Ab). 
M. MEISTER 
HUE eica se toon Rk hk 9.8 Ke renee Re SIor 
Experiments with carbon for the home 
— laboratory. R. B. WAILES 
Experiments with colloids for the home 
chemist. R. B. WAILES eee Ocak eas 
Experiments with solutions. B. WAILES 
Explosions, Giant, reproduced in miniature 
by home chemists. R. B. WAILES (Ab) 
Exposition of chemical industries, Student 
COURGOR BE Ci aso cies 60d oes ewiews 599, 
Pe eS aaa re 
Extractors, Visible demonstration of the ac- 
tion of automatic. L. E. WARREN (Ar) 
Evaporation on steam bath, Rubber beaker 
Wt) for accelerating. "T. A. SCHERRER 
Ab 


FACILITATING the study of German for 
chemists. R. N. SHREVE AND - 7 
Fotos (Ar).. , 

Fajans, Kasimir (P).. ST ene oe rere 

Faraday wemee for Georg Ribeau, House 
WHEE Oad cb eit acoe bendotecd Cee ee sigese 

‘Swesmalion. alcoholic, The solved riddle 
of—See Microbiological developments 
Cl Git OM Cas 5 bo sce. bec oem sceone 6 

Fermentation, Cellulose. H. LANGWELL 

nies co ai acer relat Geeta ever ah nh ootah geal AS 

Ferroalloy metals, Sources of ores of the. 
H,. F BURCHARE CAS): 6. 66cscccwes ences 

Fertilizer, Effect of an iodide, on iodine con- 
tent of a food vlant. A. B. BEAUMONT 
AND G. M. Karns (Ab) 

Fertilizer material, Urea-ammonia liquor: a 
new. W. PARKER AND F. G. KEE- 
WME CMON i 6.4 S6ieiia acca tre want Hers 

Fiddling on aluminum. ANON. CABY oi casas 

Fields of opportunity, New (Ab) 

Films, Cellophane roll, for slide lanterns. 
R. Bonar, F. Bonar, AND E Hi. 
Daviss (Ar) REET LI Dy pe ee 

Fires, Under-water. ANON. (Ab)......... 

Flame shield, An inexpensive. C. C. VER- 


NON (Ab) TRIS Atl o oepeepneen ear ore 
Flame aaa 7 Spectroscopy in chem- 
istry. I 
Fleck, y RS WINN ov vete. ware. asoibi.¥. ssbter 
Flour ‘industry, Some problems of the chem- 
ist in the. A. J. HAMMER (Ab)....... 


381 


113 


121 


190 
121 


60 


57 
381 
316 
512 
in 

125 


251 


33 
82 


754 


543 
315 
359 


191 


58 
190 
255 


Flower garden, A chemical, of 1706. T. L. 


MI hen bas da eka nekneadewn esse 
Fluorine, The chemistry of. D. M. Yost 

anp J. B. HaTcHer (Ar)........ccc0. 
Foodstuff, Soy bean as a—See The soy-bean 

industry i Seb Che Sr CAS) 66 ci vwwcence 
Forgery, Ultra-violet light and. E. W. 

WN Ces. lade at nae caekinn 
Formaldehyde, 


acetaldehyde and, Early 

history of. ALKER (Ar) 

Formula, simplest, Calculation of, from per- 
centage composition. C. W. GRIFFIN 


Formulas and nomenclature flash cards, 
Helping the chemistry beginner grasp. 
F. C. Coutson (Ab) 
Fourcroy—See Early history of acetalde- 
hyde and formaldehyde (Ar) 
Fractionating column in preparation of ace- 
tone, The. G. R. ROBERTSON (Ar).... 
Franklin, E. C.—See The beginning 4 


liquid ammonia research in the U. 


330 
8,10 
58 
546 


575 


643 
547 
704 





Freezing point and solubility, Determining, 
at low temperatures. E. DRIVER AND 
Wee COON CRN so dec ccdgess minceces 


Freezing-point lowering. se B. GREEN- 
SR CI one ev.ccccdcsctsenccuneus 
Freezing-point lowering nomograph. D. S. 
pee a ES ni 
Frontispieces: 


Albertus Magnus (Oct.).. 
Boerhaave, Herman (Dec.).. 
Conant, James Bryant (July).. 
Gordon, Neil E. (Jan.) 
Langmuir, Irving (Feb.)........ 
Lunge, Georg, plaquette (Aug. 
Pasteur, seventieth biehder plaquette 
SRP ere ere errr 
Priestley, Joseph (Mar.)............... 
Steel industry plaquette (Apr.) 
Reco Waals anniversary medallion 
Ma 


Willstatter, Richard (Sept.). . 
Fuel, Colloidal. Anon. (Ab 
Fuel oils—See Newer products from petro- 
TRUIUIN EY feds ss woes hadeucetucsetes 
Fuels, Fluid, today and tomorrow. A. E. 
Dunstan (Ab 
Furnace, Electric, for calcium carbide prepa- 


ration. W. B. Sanrorp (Ar)........ 
Further evidence of Priestley’s sympathy 
for the American Revolution. - 
NE COs dct c ce cendanceeaseseces 
Future, chemical, Discounting the. W. 
EEE POSE PC TT 
Cir ok ccc bs tcccdesn cues ces 


GALLIUM now commercially available. 
Pe I ioc db ocbas 0 046 1eOes enw Ss 

Gaper, The. Awnon. (Ab).. 

Gardinol, Igepon and. ANON. (Ab)... 

Garnets. . W. Howarp (Ar) 

Gas, Laughing. "«*A classic of science” (Ab). 

Gas, a generated by new process. ANON. 


PF, 


Gas calculations, Slide-rule simplifies. 
Marx (Ab) 
Gas fuel improves the lime kiln efficiency. 
RON, Ceo cticiaeeucedencuas 
Gas generator, Simple. D. I. WALKER (Ar). 
Gasoline—See Newer products from petro- 
leum (Ar) 
Gay-Lussac’s law of combining volumes— 
See Liaison in organic-inorganic chem- 
istry (Ar 
General chemistry, Special exercises for 
students in. B. BacHMAN (Ar). I. 
The preparation and properties of an 


a 
(AnD J. K. FarReE tt) II. 
pe rrr rr ry 
Generator, gas, Simple. D. I. WALKER (Ar) 
Generators, Radium-water. H. ScHLUNDT, 
R. G. FULTON, AND F. BRUNER (Ar).. 
German 7 chemists, Facilitating the study 
of. R.N. SHREVE AND J. T. Foros (Ar) 
Germany, ‘Demand and supply of younger 
— of chemists in. F. SCHARF 
Germany, The scientific situation in (Ab). . 
Glass, A new type of shatter-proof. M. 
NAPHTALI (Ab) 
Glass, And now. ANoNn, (Ab) 
Glass, Producing, from furnace slag. C. A. 
Basore (Ab) 
Glass, Steel and, incorporated. ANON. (Ab) 
Glass, The chemistry of. C. H. ee 


A. E. Marsa. (Ar 
Glue—See Soy-bean industry in the U. S., 
UE, CHa Poetics eRe eee 
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435 


525 


21 


241 


689 
435 


185 

33 
125 
579 


121 
381 


578 
578 


578 
58 
267 


769 


Glyptal, Do you know? ANon. (Ab)... 758 

Godfrey, Ambrose—See Hanckwitz, Am- 
brose Godfrey. 

Goiter, Is, due to an iodine deficiency per se? 

H. LEVINE AND R. E. REMINGTON (Ar). 649 
Golde Sc TOMNBR: CAB io ccs cick tree neces 446 
Gotdas: Neti. 8: CPhinc. cc ccsvccvevcas 1 
Government, The scientific work of the. G. 

B. Pecram, A. H. Compton, B. Davis, 

D. SIncLatrR, AND W. F. Brown (Ab).. 79 
Grades in college chemistry, Influence of 

high-school science on. G. A. WEstT 

UES ancke ge da aitale a Ksihun mae e bees 255 
Graduate, college, What becomes of the? 

pO ae rere 317 
Graduate course in laboratory technic, A. 

H. B. Hass ann F. D. Martin (Ar). 29 
Graduate research students b chemistry, 

The ninth census of, 1932. C. Hutt 

PS eg), ee eee 499 
Grecian archzeology, repented and. W. 

Foster (Ar).. 270 
Grouping, Homogeneous. ma si “ TRILLING- 

WAC oan. ion 6 66a cde cmucdteres 317 
Gypsum. C. L. Happon (Ab)........... 381 
HAFNIUM—See The discovery of the ele- 

Pt ee. > US) Serie ee 16 
Hanckwitz, Ambrose Godfrey (P)....... 303, 304 
Hardwood distillation faces new economic 

and raw material problems. R. S. 

pS Rea Sere 58 
Hardwood distillation, Chemical engineer- 

ing problemsin. R.S. McBripE (Ab). 122 
Healthy customer, A. ANON. i ree 758 
Heat carrier, New inorganic, for super- 

temperature heating. T. KAYSER (Ab). 642 
Heating, Inductive electrical, in chemical 

plants. R. D. CENTER (Ab) Wee at oe we 122 
Hetero- and iso-poly acids. A. R. MIDDLE- 

De Beidtedtsneecedenesccuxtane 726 
Mleveny, Genge VOR OPP. 6.5 cc cecsccccccns 163 
Hexuronic acid, The isolation of. E. K. 

ann ho acne a ecunen eons 58 
Heyrovsky, J.—See The discovery of rhen- 

AGS CHO ec 5 OUlee CP Pos ccceivcnseces 164 
High school, ‘An attempt to vitalize chem- 

istry teaching in the, through a modi- 

fied form of the unit-assignment tech- 

mic. GV. BRUCE CAD < cc ccciericeces 60 
High-school chemistry, Contract plan in. 

J. Ch PROM CAS csc ccacvcccuvnccesca 556 
High-school chemistry, How we may meet 

individual differences in. G. E. Mon- 

| 0 eer 254 
High-school knowledge, Residue of, utiliz- 

able in college chemistry. P. M 

,, , CRASOE (BER 6 6 scicccccccntececcdenes 571 
History and operation of a chemistry club. 

Ww. BUNDERMAN (Af)... .ccccccces 40 
History of the chemical +) woe speneetind 

A. F. Kratsst, Sr. (Ar 519 

CONN CCRIIN  c o dn tnt ore duced ce irdod 630 
History of chemistry—See Chemistry aids 

GWncccarcuccsie cveadeses ced caumess 379 
Some incidents of the collection of the 

Edgar Fahs Smith memorial library 

CRO ccve ccs ccccumusececeneeeunees 356 
Hofmann, August Wilhelm—See Early his- 

tory of acetaldehyde and formaldehyde 

BEN ccvicncdedcievaeenctdecaueten as 551 
Home brew from rags. ANON. (Ab)....... 444 
Homogeneous grouping. C. C. TRILLING- 

SEMIN CDi oia ans aos 63:8 s04 sees Cows -» O88 
ERGOT Bay SUIT Oe Pi leo. 5:0-0.<. ers. eedee-ere 166 
Hormone, The male. B. HARROW Anp C. 

Funk Siisevevcucscevctucacneews 338 
Hormones, The chemical nature of the 

ovarian, and the gonadotropic. H. L. 

Pie v dk ccccccandnienccnces 174 
House paints, Testing, for durability. F. L. 

BROWNE (Af).....20-ssseccscceees 529 
Humanism of science, The. T. S. HARDING 

A ica ees su escaree cognesaaadae 124 
Humor and humanism in Baeyer’s labora- 

TRG... J. AMAL CAD ec ccccecccccecacs 445 
Hydrogen, The isotopes of—See The mag- 

neto-optic method of analysis (Ar).. 75 
Hydrogen peroxide, A new variety of. G2 

H. Gets AND P. HARTECK (Ab)....... 121 
Hydrogenation, Industrial. J. B. PHmvires pan 
Hydrogenation of petroleum, Recent prog- 

ress in. P. J. ByrNg, E. J. GoHR, AND 

| A |S eee 252 
Hypochlorites as disinfectants, The. H. 

ee | ree 380 
ICE, Efficient production of manufactured. 

ER GMs TE CAD ie ccc cnansves wees 58 
Ice cream. H. A. SCHUETTE AND F. J. 

pe Le) ee err 469 
Igepon and Gardinol. ANON. (Ab)........ 380 
a The discovery of the elements. 

CMO ices s cueetedue cos nkamace 165 
Saeed 7 3 of chemical reac- 
tions. ye A a 746 








770 


India, ancient, Knowledge of the metals in. 
R. N. Beaova®l (As).....cccceces see 
Indium available in commercial quantities. 
W. S. Murray (Ab) 
Individual differences in high-school chem- 
istry, How we may meet. G. E. Mon- 
EL REE Py er re 
Individual-laboratory versus the lecture- 
demonstration method of teaching 
high-school chemistry. D. B. Sturt 
AND M. D. ENGLEHART (Ab)......... 
Industrial chemistry course, Class exercises 
in the. K. A. Kose (Ar) I. Topic re- 
ports on literature surveys............ 
aa on survey of a chemical com- 


Industry, Building an integrated, in times of 
depression. D. KirKPATRICK (Ab). 
Industry’s third horizon. ANON. (Ab)..... 
Inorganic chemistry, A theoretical point of 
ey in the teaching of. G. W. SEARS 
rn! i -organic chemistry, Liaisonin. G. 
Wee PRONE TIRED 6 5's. 000-0 5 9:4:410:0:4 0:98.06: 
Inorganic industry, The most important im- 
provements in the, made in the years 
1927-31. A. BRAUER, J. Rerrstét- 
TER, AND H. SIEBENEICHER f: 7a 
Insecticide, Selenium as an. E. N. NELSON, 
. M. Hurp-Karrer, AND W. O. Ros- 
i" ee arr 
Inspection method, Anew. ANON. (Ab)... 
Instruction, chemical, Cost of. O. E. SHEP- 
INE oe OT asin tc sie cha Wik. W's 0 018-0459 
Instruction, Methods versus the mechanics 
of. E.R. Downinc (Ab)............ 
Insulation of electrical machinery, The rela- 
— of chemistry tothe. W. PATNODE 
Insulin one its substitutes. C. E. BRown 
Taterleremces *. metal ions in the detection 
of acids. J. CuRTMAN AND S. M. 
EpMoNDS (Ar) Dies canes ke beau bane tae 
Intoxicating drink cannot be scientifically 
defined now. J. Starrorp (Ab) 
Introducing organic chemistry in the labora- 
tory. 5. B. Barrmicin (Ac).....0...20 
Invention, Preserving proof of. ANon. (Ab) 
Invertase, Enzymes from the standpoint of 
the chemistry of. J. M.NeELSson (Ab). 
Impeding college, The. A. G. MELVIN (Ab) 
Improved boiling-point apparatus, An. H. 
ar I EMEED's 5 0:4 o's w'ho'a ph 6.65 40000 4.08 
lodide fertilizer, Effect of an, on iodine con- 
tent of a food plant. A. B. BEAUMONT 
AND G. M. Karns (Ab).. 
Iodine deficiency per se, Is goiter ‘due to an? 
H. LEVINE AND R. E. REMINGTON (Ar) 
Iodoform, Preparation of CHsI or C:HsI 
from. R. H. Kimpatt (Ar).......... 
Iowa plan of teacher-training—See The col- 
lege of education and the university 
Iron, cast, Utilizing, in chemical equipment. 
H. RoTHER ON errs 
Iron, Demonstration of the periodic passiv- 
7a of. R. Dupois AND W. A. Kaye 


0 A Sars Sere Perce 
Iron and steel, What is the outlook for? E. 
E. THum (Ab) 
Iron and Steel—See Variations in the prices 
of metals in the last twenty years (Ar). 
Iron ores, The sources of our. E. F. Bur- 
SE RGauGs 0 554k en uesunepe es 
I 


Isomerism—See Liaison in organic-inorganic 
| EEE ae 55h 
Isotherm, Langmuir’s adsorption, A deriva- 
omar. F. SS; Bee (AL)... ccc cccnss 


MAMEG, Cialee(P) soo scscevescccnies 
Jubilee volume of the Journal of the Indian 
SNM IID aa’ 5 5A 5.65 ae aes aale'e 


KANSAS, University of—See The beginning 
7 liquid ammonia research in the U. S. 

ST ECP Cee 
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Preparation of CH3I or C2HsI from CHI3. 
Re EE 6 een 
Preserving proof of invention. ANon. (Ab). 
Presidents of the American Chemical So- 
H. Hare anv E. L. NELSON 


Pressures, high, Handling, in chemical syn- 
thesis. R. V. KLEINSCHMIDT (Ab).. 
Prices of metals in the last twenty years, 

Variations in the. J. C. Barvar, Jr. 
eer eres ey re rere 
Priority in scientific discoveries, The estab- 
lishment of. C. A. BROWNE (Ab)..... 
a, and Pepys celebration. ANON. 
BRASS a rarer 
Priestley, Joseph (P).. . 129, 148, 152, 159, 
Priestley, Joseph, Birth date of........-.. 
Priestley, Joseph, Museum from the south- 
west, Northumberland, Pa............ 
Priestley, Joseph, The scientific works of. 
RR, PARTINOTON TAD) « o6ivicccccscss 
Priestley, Peter Porcupine’s persecution of. 
C. Newey (OT ras 
Priestley, the Reverend Dr. Joseph, F. 2S. 
Some letters of. R. A. M. Drxon of 
MMIII MN. 5 co <a.casco:w oh'5 0! 010 ive sw er 10:0 
Priestley document, Another. T. L. Davis 
Priestley medal—See Another Priestley 
document (Ar).. 
Priestleyana. . 3 ..148, 
Priestley’s associations with Loadon. 
fe OS er rr a nr 
Priestley’s discovery of oxygen, Date and 
place of. Anon. (A 
Priestley’s house, 08 aA — of 
the destruction of, July 14 91 
Priestley’s sympathy for the ‘Analogs 
Revolution, Further evidence of. T. L. 
SPREMEMED sca cvdacnaeeweaciigasaswin 
Problem, ideal numerical, F paneieipeneens of 
the. Burr ( 
Process industries as purv “id ors to the motor 
car. . A. Boyp (Ab)............... 
Progress a. in organic chemistry 1929 
to II. Acyclic _ series. H. 
KLEINFELLER (Ab).............-+4- 
Progress report in the field of organic 
chemistry. 1929-31. III. Isocyclic 
series. E. MULLER (Ab)............. 
IV. Natural products of mostly un- 
known constitution. W. KARRER (Ab) 
Progress report in the field of organic chem- 
istry, 1929-31. R. OPPENAUER AND 
T. Rercweratn CAD) ...« oo ooo ses as 
W. ScuLenk (Ab).. ore ae 
Projection of quiz questions, ‘The. F. B. 
RE EE eee 
Projects—See A rubber stamp (Ar).. . 
Dichromate battery, electroplating, elec- 
eS ee ae rT 
Preparation and properties of an alloy 
CUP OO O MRUERDD TAF). ccccscccctevccse 
Projects, Individual and group, in chemis- 
try. O. J. WavratH (Ab) 
Protein, Constitution of. ‘A classic of 
I CER sacs ous 1034 000a0es 
Prout’s neds om I 
No. 20 ( 


Public liability and chemical education. P. 
errr 
Publications, Non-chemical, important in 
chemistry. M.G. MBLLON (Ar)...... 
Publications, U. S. Office of Education 
serial FE. M. WITMER AND M. 
RINE G5 ark + pie ein ecaie'' ein. 0'0h10 16-0 
Pump, Simple air. ANon. (Ab)........... 
Pyrex glass, Reaction of, with NazCOs. E. 
PoLinc AND G. R. Yous (Ar)........ 
Pyrometer, An inexpensive, for tempera- 
tures up to 1000°C. STADIE AND 
ee Se ee * Eee 


QUALITATIVE analysis, a new method 
of approach for. D. J. BROWN AND 


Oe re rere 
Qualitative analysis, Constructive. 
Parks (Ab) 
Qualitative analysis—See Studies in the pre- 
cipitation of the copper and tin — 
using hydrogen sulfide (Ar).. 


80, 83 


446 
444 


643 
493 


436 
171 


747 
446 


125 
160 
443 
184 


445 
151 


348 
490 
252 


59 


123 
317 
253 
253 


376 
278 


643 
513 

61 
552 
619 
253 

57 
242 


316 


94 
446 


50 


Qualitative chemical analyses, Valuable by- 
products of. G. G. Town (Ar 
Quantitative balance in general chemistry, 
"Tie, BE. A, CaO Gs cvs ccc ccnsce 
Quartz—See A half-dozen minerals used in 
chemical industry (Ar 
Agates (Ar).. 
Quinhydrone electrode, A simple. 


‘K. San- 
SE CO Ee Oe Pe ee 
Quinine from Peruvian bark. 
science” (Ab) 
Quiz questions, The projection of. 
pS, Apr 


RACK, Inexpensive laboratory manual. 
A.A. MNS scone es Poisons tek 
Radiation, Ultra-penetrating—See Cosmic 
rays—experiment and conjecture (Ar). 
Radioactive elements—See The discovery 
of the elements. XIX (Ar).......... 
Radiographic inspections of chemical equip- 
ment, Making. H. ISENBURGER 


“A classic of 


Radium Ri of ocean bottom sedi- 
ments. C.S. Precotr (Ab).. 
Radium series of elements—See “The dis- 
covery of the elements. XIX (Ar).. 
Radium-water generators. H. ScuLunpT, 
. Futon, AND F. BRUNER (Ar).. 
Rags, Home brew from. Anon. (Ab). /.... 
Rakestraw, Norris W. (P) 
Rayon: a bright spot. ANON. (Ab)....... 
Reactions, chemical, A proposed encyclo- 
pedia of. C. A. Jacosson (Ar)....... 
Reactions, Increasing the sensitivity of 
chemical. E. BEANE GAS) oc 65.056 
Recent advances in the chemistry of vita- 
eee, 1. I. ROWE GAR)... ccs cece 
Recent Books: See Books Reviewed. 
Reduction in federal aid for the land-grant 


Pee ee <a CC) ee ee 
References to scientific literature. M. G 
DORRIT CIE. nna occ necicnccencsene 
Refrigerant business, By-product COz 
builds a new. S. T. ORR (Ab)........ 
Refrigeration in chemical industries. A sur- 


vey of applications. D. H. KILLeEFFER 
CRON is Geass ce wnieeen ane cones 
Repairing broken mercury columns in ther- 
mometers. J. R. ENpDSLEY (Ar)...... 
Research, A banker’s viewpoint of indus- 
trial. B. HASKELL, JR. (Ab) 
Research, The value of scientific, to agricul- 
ture. H. A. WALLAcE (Ab) 


“Research creates new markets sulfonated 


oils. R. WECHSLER (Ab)............ 
Research studies relating to the teaching of 
science. C. J. PrepeR (Ab) 
Residue of high-school knowledge utilizable 
in college chemistry. P. M. GLASOE 
(RNR yom ot enerrr pret neon oe Ss 
Resinous equipment solves corrosion prob- 
lems. Epit. STAFF REPORT (Ab)..... 
Resins, Alkyd, in industry. T. H. Krente 
AND C. S. FERGUSON (Ab)............ 
Resins—See Do you know glyptal? (Ab). 
Reviews, Book—See Books Reviewed. 
Rhenium, The discovery of. L. C. Hurp 


DD cwicksualese canes cknuwwes ie eas 

Rhenium—See The discovery of the ele- 
ments. XX (Ar) 

Rhodes Marsh yields its sodium sulfate. P. 
C. Ricw (Ab) 

Rice: a raw material for process industries. 
F. C. Pattee (Ab) 

Richards, Theodore William (P).. 

Rings, Rubber beaker, for accelerating 
evaporation oy steam bath. J. A. 
ScHERRER (Ab) 

Rolla, Luigi (P)..... 

Rosin acids, The. E. kK Groret (Ar).. 

as * sizes, Case for. R. B. LApoo 


Rostone. ANON. (Ab)... ste inte 
Rotenone. ANON. (Ab) . ec aaa eae roukt 
Rotenone, The determination of the struc- 
ture of. F. B. Larorce, H. L. HALLER, 
Pe ey ee ee 
“Rotette,’’ The, or an apparatus for han- 
dling small quantities of liquids with 
rapidity and precision. E. L. HARRING- 
| ert rrr ee 
Royal Society Medal—See Chairs in the 
history of science and Royal Society 
awards (Ab) ...........20.eeeeeees 
Rubber beaker rings for accelerating evapo- 
ration on steam bath. J. A. SCHERRER 
BOD caccaeesdseee RECS Lane ester es ccs 
Rubber latex, Industrial uses of. 

'WISS 
Rubber stamp, A. H.R. Wivvtams (Ar)... 
Rumford Medal—See Chairs in the history 

73 sang and Royal Society awards 
Russell Sika 2 Seer 
Russia See Chemical progress in the U. S. 
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608 


563 
67 


512 
60 
376 


414 
24 
79 


709 
125 
511 


58 
368 
125 
511 
511 
709 


571 
445 
122 
758 
605 
163 
579 
“ 
251 
415 
315 

59 


513 


251 


255 


251 


579 
278 


SCHEELE—See Early histroy of acetalde- 
hyde and formaldehyde (Ar)......... 
Schréder equation applied to aqueous salt 
solutions—See The solubility law for 
ideal solutions, etc. (Ar)............. 
Science, American men of, The distribution 
of, in 1932. J. McK. Catre.t (Ab)... 
Science, Classics of —See Classics of science. 
Science, Does, teach scientific thinking? 
5 DownING (Ab) 
Science, Influence of high-school, on grades 
in college chemistry. G. A. West (Ab) 
Science, Modern physics and the first prin- 
ciples of. G. B. Brown (Ab)........ 
Science, teaching, Academic requirements 
necessary to. C. M. Pruitt (Ab).. 
Science, gr magi of, Research studies relat- 
ing to the. Coy. Preper (Ab)........ 
aa humanism of. T. S. HARDING 


Science education, The background of. C. 
A. Kraus (Ab) 
= The writing of—See Extra 


Science Fagen ome gi at the erent: -senior 
gh-school level. . HUNTER AND 
R- oS | er eee 
Science teaching, Recent — re- 
search in. M. MEISTER (Ab 
Science unit, Some essentials of 7 elemen- 
tary G. V. Bruce [Cn eee Ae 
Scientifie work of the government, The. G. 
B. Pecram, A. H. Compton, B. Davis, 
D. SINCLAIR, AND W. F. BROWN (Ab).. 
Second law and entropy. R. C. CANTELO 
¢ II. Irreversible processes....... . 
III. The thermodynamic functions..... 
Secondary education, A vision of. T. H. 
PE EE ish adinder<eeasacvanagcees 
Secondary- ‘school science, College domi- 
nancein. E.R. DowNING CED. <:<.4:0: 
Selenium as an insecticide. E. N. NELSON, 
Hurp-KarRrRER, AND W. O. 
RosInson (AbD)... c eee ceesceeeeces 
Sensitivity of chemical reactions, Increasing 
the. E. W. Bianx (Ar) 
Silicates, Sodium, colloidal and crystalline. 
J. G. Vaw (Ar) 
Silicates—See Chapters in crystal chemistry 
for college freshmen. Chap. II (Ar).. 
Silicon—See Sources of ores of the ferro- 
GUGW MUNEGIO CED 6 6:5:6.0.6:<.0:0'0'0 0 00:00 
Silicon dioxide—See Agates (Ar) 
Silver—See Variations in the prices of metals 
in the last twenty years (Ar)......... 
Simple reversible photochemical experi- 
ment, W. GROTE AND J. H. Bar- 
RM I) oasis s ors, 926-455 cbs 8 $009 wo KOSS 
Simple time-savers in the preparation of 
solutions. + BEUOMRO (AL)... 000. 
Sizes, Case for rosin-wax. R. B. Lapoo 
Slide, lantern, The versatile. 
Price (Ab) 
Slide lanterns, Cellophane roll films for. R. 
Bonar, Bonar, AND E. C. H. 
po AS ei ery areas 
Slide-rule simplifies gas calculations. P. F. 





Marx (Ab) 

Slides, roo tng Silk Cellophane for. 
YonxMan (Ab) 

Slides, Lantern—See An experiment in 
visual education (Ar).............0.. 

Smith, Edgar Fahs, memorial library, 
Some incidents in the ‘eneneenh of the. 
E. V. ARMSTRONG (Ar).. 


Soapless detergents. ANON. “(Ab).. 
ON RE SO 26: 2 re ear 
Sodium, the metal. ANon. (Ab)......... 


Sodium—See Exercise in indirect analysis 


Sodium carbonate, anhydrous, Rapid prepa- 
ration of, for use in acidimetry. \ 

F. SmitH AND V. R. Harpy (Ar)...... 
Sodium carbonate, Reaction of pyrex glass 
with. E. PoLinc anDG. R. Youe (Ar) 
Sodium formate, The formation of, from 
sodium hydroxide and carbon monox- 
ide—a lecture experiment. H. RHEIN- 
BOLD (AD). oc ccccicccccsaeseccescess 
Sodium metal, Cleaning. 
BMD cc acncicsita cap ne s-2 SERS Ho 4s Sa e's 
Sodium silicates, colloidal and crystalline. 
a ae eee ee a2 

Sodium sulfate, Rhodes Marsh yields its. 
P. C. Ric (Ab) 
Solubility, Determining freezing point and, 
at low temperatures. E. DRIVER AND 

WE COBNOM CAD cs 6500s vcs wsacesccle 
Solubility law for ideal solutions and its ap- 
plication to a water-salt system, The. 


A. W. Daymeon (Af)... ..cccccscces 
Solutions, An approach to the modern 
theory of. J. D. Sampry (Ar)........ 
Solutions, Experiments with. R. ‘B 
eS ee eae oer ire 


Solutions, ideal, The solubility law for, and 
its application to a water-salt system. 
A. Ws DAWIRION CAS). 6 Sic ce eects 


546 


234 
446 


709 
255 
124 
709 
709 
124 
709 
125 


124 
254 
484 


709 


45 
306 


124 
254 


708 
746 
418 
667 
365 

67 
106 


43 
120 
315 
643 


507 
242 


316 
395 
418 
579 
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677 
316 
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Solutions, Simple time-savers in the prepa- 


ration of. L.A. Munro (Ar)........ 120 
Solvay, Ernest. ANON. (Ab)............. 123 
Solvay process, Demonstration of the. A. 

, ees ee ee 437 
Some contributions of biochemistry to the 

study of epilepsy. I. McQuarrig (Ar) 205 
Some incidents in the collection of the Edgar 

Fahs Smith memorial library. E. V. 

pe re re 356 
Sources of ores of the ferroalloy metals. E. 

TORIOUPAMTD CAB 6. oc. 5 5i'5:0 Ces 0:3. S80 359 
COMMUNE Se a 0 iia gels tants 3d. mt ecearnne ne 443 
Sources of our iron ores, The. E. F. Bur- 

I ons Sev waswesseaau enews 195 

a enact (EERE ER ae ee pee 288 
Soy-bean industry in the U. S., The. 

; ee ae 5 
Spatula—See Inexpensive apparatus (Ar).. 188 
Special exercises for students in general 

chemistry. G. B. BAcHMAN (Ar). I. 

The preparation and properties of an 

I 60 6 Ra are kaj Sa Ga OE CAE ER Es 241 

(AND J. K. Farrevi) II. Electrochem- 

ee EE ER PPO PE ETI RIN 689 
Spectroscopy in chemistry. I. Flame 

epectrs. TE. Blower CAF)... cccsceces 487 
SOM ER COP o oka wets ews nwcar aes 304 
Stamp, Arubber. H.R. WititaMs (Ar).. 278 
Steel, iron and, What is the outlook for? E. 

A EE re ee re 252 
Steel, Iron and—JSee Variations in the 

prices of metals in the last twenty 

a TTS”) ORR tee bys cr ay are. ere ga 100 
Steel, What, to use at high pressures and 

temperatures. J. L. Cox (Ab)....... 708 
Steel and glass, incorporated. ANON. (Ab) 578 
Steel industry plaquette (F).............. 193 
Stereochemistry and physics. ANON. (Ab). 446 
Stereochemistry of diphenyls and analogous 

compounds, The. R. ADAMS AND H. C. 

RC eo ca cad Cae hes ween vince 513 
Stirrer, A modified mercury-sealed. C. J 

HAGGERTY (Ab).. 57 
Stone, Synthetic building—See_ “Rostone 

MG r ee et io Cee 642 
Stones, book on, A thirteenth century. M. 

Ric I a wick ec cke ees eceeeys 369 
Stoneware, chemical, Craftsmanshipin. T. 

Pate a a nr 642 
Student courses at the exposition of chemi- 

ee Saar eae 599, 740 
Student-made chemical balance, A. O. J. 

Lf ey) rs reer ere 118 
Students, graduate research, in chemistry, 

The ninth census of, 1932. C. Hutu 

Ae Co, WHEE CAG b6s 5:6) cx cco ence 499 
Studies in the precipitation of the copper 

and tin groups using hydrogen sulfide. 

i, TRAE CBOs Sook 6 cece eeee cass 50 
Structural era, Anew. ANON. (Ab)....... 642 
Structure of dicarboxy compounds from dis- 

sociation and reaction velocity data, 

The. J. GREENSPAN (Ab)........... 513 
Strychnine, Isolation of. ‘‘A classic of 

SEU CR are Green hese wweeaees 254 
Sugar—See Levulose, the sugar of the future 

ais doles veces ei erasce a Sia nee Kev areee Toe 
Sugar consumption and diabetes. W. 
i rere rrr re 757 
. H. McGuiumpuy anp J. W. EICHIN- 

GID Tiss cs tae se oe coe unse ohe es 757 
Sugar manufacture in America, The origins 

of. Browne (Ar). A sketch 

of the history of raw cane-sugar pro- 

GUtIOth 3 FIMO iren os 0 onc ce cannes 323 

II. A sketch of the history of sugar refin- 

SG ME BIOEIOR, cn cree Feo o cts cceses 421 
Sulfite liquor, Evaporation of—See Under- 

WIENS TNO CORN oan ccst 5 Ceo cb ones es 121 
Sulfur, Economic position of. A. M. Tay- 

ROM CRs cute nos ea ah kaksas dew 252 
Sulfur extraction working model. E. C. 

WEAVER (Ar) ......000cceccercvences 309 
Sulfur in city gas a profitable by-product, 

Making. R.S. McBripe (Ab)....... 708 
Sulfur trioxide, Small samples of. E. H. 

WIN 650 dees dk wok Oe 66 keene 119 
Sulfur trioxide—See An equilibrium experi- 

MAO CM Nady (tosis sk tate cae ow 8 ek 119 
Sulfuric acid mist, The suppression of, in 

Kjeldahl digestions. A. HENwoop AND 

We: Gee CAD ccctey inva cdeve canes 190 
Supersaturation control attains close crystal 

sizing. F. JEREMIASSEN AND H. SVANOE 108 

9 
Surface, Chemical, phenomena. Ms classic 

of science.’”” I. LANGMUIR (Ab)....... 254 
Surface tension of tooth paste solutions. S. 

M. Gorpon AND E. W. SHAND (Ab)... 253 
Survey course of the physical sciences for 

college freshmen. W. V. Norris (Ar). 631 
Switches, Mercury, for conductivity experi- 

ments. E. W. BLaAnkK (Ar)........... 751 
Symposium on laboratory notebooks, rec- 

ords, and reports (Ary hes Sica Parked ee, Ge 403-14 

In the secondary school. W. SEGER- 

pee an re rare 403 

2. Inthecollege. B.S. HopxKIns...... 404 


3. In the research laboratory. R. 


Cl Perr ere er re eee eee 
4. In industry. 
5. Discussion. 


TANTALUM—See A half-dozen minerals 
used in chemical industry (Ar)....... 
Some elements of group V. “A classic of 
ST CE case ic 66s ecaunadans en 
Taste, How dependable is? H. D. F. Haus 
Teacher, Who shall judge the? A. E. 
KNEPLER (Ab) 
—- acolleague, The. E. H. WILKINS 


Teacher training—See The college of educa- 
tion and the university (Ab) 

— Who are the good? L. P. Siec 
Ab 


Teaching, A self-study of college. 
Munro (Ab) 
Teaching, An attempt to vitalize chemistry, 
in the high school through a modified 
form of the unit- oneeenenent technic. 
G. V. Bruce (Ab).. aes 
Tt eaching, chemistry, A common- “sense ‘basis 
of, in secondary schools. G. 
FRANKLIN (Ab). Part I. Demonstra- 
tion versus individual laboratory...... 
Part II. Suggestions for improvement of 
laboratory methods.................. 
Part III. Lecture demonstrations....... 
Teaching, College and university. Com. 
PE aac aban xs ude wneer acca 
Teaching, science, A Wisconsin philosophy 
of. I. C. Davis (Ab) 
Teaching, science, Recent educational re- 
search in. M. MBIsTER (Ab)........ 
Teaching, The improvement a. ¢...H. 
jl SOS ee re 
Teaching, The improvement of college. H. 
“yg aia re 
Teaching atomic weights. E. A. WILp- 
WOR CME Nac diccecace vu causes ceaeawsces 
Teaching methods—See Analogies in teach- 
ing freshman chemistry (Ar).......... 
Contract plan in high-school chemistry 


RSE GS 2 RAPES ES le 
Individual and group projects in chem- 
WUE CAN aie ree scs tne ndescn ces 
Teaching of i inorganic chemistry, A theoreti- 
a — of view in the. G. W. Sears 
US a a ats ia cia addi 64k, Wine: re RE 
Teaching of science, Research studies relat- 
ing tothe. C. 43 PIEPER (Ab).. 
Teaching science, Academic requirements 
necessary to. C. M. Pruitt (Ab).. 
Technology, Organic. R.N. SHREVE (Ar). 
Tellurium, Some effects of the addition of, 
to lead. W. SINGLETON AND B. JONES 
1.1) Se AGERE See rene tr ie aE ASE 
Temperature, Absolute. 
ME CMa vitck tc eed exeeccresees 
Temperatures, low, Determining freezing 
point and solubility at. E. Driver 
Bie Fh COLTON. CBO 6 6x6 wexccccees 
Testing house paints for durability. F. L. 
RII OPO ores 5 hoc. c acs eve bc a's 
Tests—See yt F aian teach scientific 
thinking? (Ab 
Tests you can ss with light ‘and chemi- 
cals. R. B. Waites (Ab)............ 
Test-tube container for photochemical ex- 
periments, A. S. HauBEN (Ar).... 
Text, Early chemistry—See Chemistry in 


Ji) a eee ea eae 
Textbook selection, Scientific. M. E. Hrer- 
WT OE obs hren cccneweneencdess 


Textiles—See Unit of study for elementary 
chemistry (Ar).. 

Thermodynamics—See The second law and 
entropy. Ill. The thermodynamic 
SN CNT Gin okies cceceececeeecs 

Thermometers, Repairing broken mercury 
columnsin. J. R. ENpsiey (Ar)..... 

Thermostat, water-bath, Modified. 
Rev. BRoTHER Hormispas (Ar)...... 

Theoretical point of view in bar teaching of 
7 ee chemistry, A. . W. SEARS 

Nea cc ee cedt cess tn eakecleue a0 ves 

Thirteenth century book on stones, A. M. 
L. Foster (Ar 

Time-lag in pe Nee! eh literature. 
EE io cuyi cen enes cee ee eens 

Tin—See Variations in the prices of metals 
in the last twenty years (Ar)......... 

Tin and copper groups, Studies in the pre- 
cipitation of the, using hydrogen sulfide. 
Ri RINE CAG oo oss. s bcc aeense cee 

Titanium—See Sources of ores of the ferro- 
alloy metals (Ar)..... 

Titrations—See Chemicals you can make in 
your home laboratory (Ab)........... 

Tobacco—See Suggested experiment for 
high-school students (C 

Tobacco smoke, The nicotine and ammonia 

‘contents of. L. BARTA AND E. TOOLE 


(Ab) 
Tongs for beakers—See Inexpensive appara- 
WET widadcks c68 pb e5 Hens 008.6503 


510 
123 
191 
191 


191 


60 


556 
643 


430 
709 


316 
529 
709 
381 
188 
579 
709 
349 


306 
368 
576 


430 
369 
284 
103 


Tooth paste solutions, Surface tension of. 
M. Gorpon AnD E. W. SHAND (Ab). 
Transporting and handling bulk chemicals. 
|e Ap 7 eee 
Transportation of chemicals, What’s ahead 
in the? L. A. BREEDING (Ab)........ 
Tungsten—See Sources of ores of the ferro- 
GN PE CE ewrecccccucucehves wes 
Tungsten, Molybdenum and. 
GET PEN 345 cc ceseteacnawners 


ULTRA-VIOLET light and forgery. E. W. 
We CR bikess¥Gec sabe es cuceeteman 
Undergraduate organic laboratory chem- 
istry. E. F. DEGERING (Ar). I. 
Equipment and administration of the 
PRE Soc wcScnreescecevecleucene 
II. The laboratory course. 

Unit, elementary science, Some essentials of 
an. G. V. BRUCE (Ar) Seale ale eee é.@ sare 
Unit of study for elementary chemistry. A. 
DR a 6b bob ces ones badetedes 
Unit-assignment technic, An attempt to 
vitalize chemistry teaching in the high 
school through a modified form of the. 

G. V. Bruce (Ab).. 
U.S. Mery of E ducation seri: al. publications. 
E. M. WITMER AND M. C. MILLER (Ab) 
Univ ne in an unsettled Lien Our. T. 
W. Lamont (Ab). ig eyes A itt 
Uranium, Chromium ‘and. “Classics of 
science” CET be eiacienss Hensioae easCee 
Uranium series of elements—See The discov- 
ery of the elements. XIX (Ar)....... 
Urea-ammonia liquor: a new fertilizer ma- 
terial. F. W. PARKER AND F. G. 
DN Cio dn cc co kecueceunces 
Useless scientific or chemical knowledge. R. 
G. Myers (C 


VACUUM, broken, Device to indicate. 
ye Op Tg eee eee 
Vacuum micro-desiccators, Heated. E. W. 
pt een re 
Vacuum tube oscillator for conductivity ex- 
periments, Simple. J. H. SayLor AND 
J. M. A. Desruyne (Ar)............ 
Vacuums, Facilitating higher, in industrial 
processes. D.H. JACKSON (Ab)...... 
Valency, Development of the electronic 
theory of. C. A. BUEHLER (Ar)...... 
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